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ROLE OF PROBABILISTIC EVENTS IN THE APPLICATION 
OF THE JUSTIFICATION CRITERION 

R. Hock 
Kraftwerk Union Aktiengesellschaft, Berlinerstr. 295-299, 

P.O. Box 962 D-6050 Offenbach am Main, FRG. 

ABSTRACT 

Probabilistic events (potential accidents) at large industrial 
installations - specifically nuclear power plants - play a major 
role in the public debate. According to the IAEA (ICRP) criteria 
an installation is only justified if it results in a net benefit 
for the society. It is logical and in accord with the importance 
assigned by public opinion that probabilistic events be included 
in a justification evaluation. 

This also entails an assessment of the probability of occurrence 
and the consequences of such events. As regards the consequences, 
however, one has to keep in mind that the impact on a given society 
not only depends, for example, on an absolute number of casualties 
but also to a great extent on the fraction of the population 
involved: a hundred casualties equally distributed over 100 towns 
is different from 100 casualties in one town. 

For the application of the optimization criterion it has been 
recommended that a beta factor be used to describe the more than 
linear increase in risk aversion which occurs as the level of risk 
to a single individual increases. 

The application of this basic concept for the evaluation of a 
societal risk caused by probabilistic events may be even more useful 
than its application in the optimization process. In addition, the 
ability of a society to heal a limited amount of harm and inversely 
the decrease in this ability when an increasing fraction of the 
society is involved could be included in this factor. 

It has to be kept in mind that an individual has a limited life 
expectancy. Therefore even the worst case causes only a shift in 
that value. A society, however, usually wishes to be "immortal" and 
will therefore have a higher aversion to any risk which may threaten 
this desired immortality. 

Such a beta factor will therefore approach large values if a 
large fraction of a given society would be injured by an accident 
or even if it would only be forced to leave its homeland. This 
effect will have to be offset by a corresponding decrease in the 
probability of occurrence of such events. 

A beta factor depending upon the fraction of a society affected 
by an accident can therefore vary, depending on whether the 
consequences of such an event are being considered, for example, 
by the authorities of a town adjacent to a plant or by a central 
government. 

The paper addresses potential applications of this methodology 
as well as some of the problems which may be encountered. 
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RADIATION RISKS: THE ETHICS OF HEALTH PROTECTION 

Margaret N. Maxey, Ph.D. 
The University of Texas at Austin, USA 

Since the inception of commercial uses of nuclear 
technology, radiation protection standards established by 
regulatory agencies have reflected moral concerns based on 
two assumptions: (1) that the linear, zero-threshold hypothesis 
derives from scientific data in radiobiology which are 
virtually conclusive; (2) it is morally "better" for public 
health protection to assume that any radiation exposure, no 
matter how small, has some harmful effect which can and ought 
to be prevented. These assumptions have been reenforced by a 
popular belief that, since World War II, technological man has 
introduced into the biosphere enormous quantities of synthetic 
toxic substances contaminating an otherwise benign natural 
world. These include "unnatural" radiation sources as well as 
huge quantities of "sinister" chemicals with no natural 
equivalents. (1) Moreover, official policy has enshrined a 
quasi-dogma about synthetic substances, chemical and 
radioactive: it is "prudent" to assume that "even the most 
minute dose, even a single molecule, may trigger a lethal 
change in a cell that will cause it to multiply 
malignantly." (2) 

In the past few years these beliefs and related 
assumptions have received closer scrutiny, revealing hidden 
reasons for regulatory selection of radiation risks as objects 
of paramount ethical concern, with the result that greater 
risks to health have escaped comparison and mitigation. Based 
on this scrutiny this brief paper explores two questions: 
• Are presupposed assumptions ethically justified on grounds 

of scientific evidence and ethical consistency? 
• Should moral objections claiming to invalidate 

comparative risk assessments be accepted or rejected? 

RADIATION RISK SELECTION: SCIENTIFIC EVIDENCE AND IRONY 

Radiation exposures from man-made technologies--whether 
for medical diagnosis or electricity generation--have been 
singled out as a uniq~e cause of the dread disease of our age, 
cancer, as well as of genetic mutations affecting distant 
future generations. An entire ethical framework for social 
criticism has been erected on the scaffolding of beliefs which 
are at odds with the actual status of scientific evidence. 

1. Hypothetical Harm. More than 25 years have been 
spent in developing radiation protection philosophy and 
standards--years dominated by a conservative assumption: every 
radiation dose greater than zero entails some possibility of 
somatic/genetic harm. The linear, zero-threshold hypothesis 
has led the public to believe that "there is no safe dose of 
radiation" and "every radiation dose is an overdose." Ethical 
objections appear to stand or fall on this hypothesis. 
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Professional ethics compels us to recognize that, despite 
a vast array of radiobiological data, there is no conclusive 
evidence to prove the existence or absence of a threshold. 
Moral objections assume the linear hypothesis to be an 
unassailable scientific conclusion; but in fact it is only an 
inconclusive theory, an extrapolated hypothesis, an 
ultra-conservative and protective rule of prudence. Humans 
could not exist if the linear hypothesis were applied to and 
enforced upon personal lifestyle exposures to natural 
terrestrial and cosmic radiation. 

The absence of evidence of harm from low level exposure is 
not due to incompetence or lack of attempts to find effects. 
L. Taylor is unambiguous: "No one has been identifiably injured 
by radiation while working within the first numerical standards 
set by the NCRP and then the ICRP in 1934. Let us stop arguing 
about the people who are being injured by exposure to radiation 
at the levels far below those where any effects can be found. 
The fact is, the effects are not found despite over forty years 
of trying to find them. The theories about people being 
injured have still not led to the demonstration of injury and, 
though considered as facts by some, must only be looked upon as 
figments of the imagination." (3) 

A profound misunderstanding of the inconclusive scientific 
status of the linear hypothesis renders moral arguments 
dependent on it inherently flawed. 

2. Hormesis. It has been scientifically established 
that there are net beneficial effects from exposure to low 
levels of toxic substances, e.g. copper, selenium, fluoride. 
Professional ethics should compel competent members of the 
scientific community to examine radiobiological data through 
the lens of an hypothesis counter to--yet equally worthy of 
attention given--a linear, zero-threshold hypothesis. T. D. 
Luckey (4) has presented persuasive evidence that exposure to 
low-level radiation might have net beneficial effects. Indeed 
it may be essential for the continued well-being of living 
organisms which have evolved in relation to wide variations in 
exposure to natural radiation. 

According to J. N. Stannard (5), the guideline of ALARA in 
USNRC regulations has been interpreted to mean, "If you can do 
it technically, you must do it" without any regard to excessive 
cost or more effective health protection. An ALARA guideline 
unjustifiably assumes that any degree of reduction in radiation 
exposure will do some good. However, evidence suggests three 
possible hormetic outcomes: (1) increased growth and fertility 
of both plant or animal organisms, (2) increased longevity, and 
(3) a reduction in cancer frequency. 

3. Etiology of Cancer. Thirty years ago, when John 
Higginson ascribed the incidence of cancer in industrialized 
societies to "environmental causes," he meant a total 
environment--i.e. agricultural practices, hygiene, diet and 
behavior, social mores--not physical chemicals. ,(6) Through 
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misinterpretation and distortion, his complex theory has led 
people to believe that some carcinogen lurks in everything 
humans eat, drink and breathe. John Totter has shown that 
mortality from cancer appears independent of industrialization 
in a country and of its man-made pollution. He maintains that 
one should look for primary carcinogens--not among man-made 
agents--but among all-pervasive "normal" environmental 
components. Totter suggests that the culprit is oxygen: it is 
a recognized mutagen: experiments have shown that it causes 
tumors in fruit flies: in the Ames assay test for screening 
carcinogens, it shows up positive. (7) 

To summarize: no scientific nor ethical justification 
exists for singling out radiation as a unique cause of cancer 
or genetic mutations when over a thousand other toxic agents in 
common commercial use are capable of producing the same health 
effects if exposed to them in sufficient doses. There is both 
an ethical and scientific basis for recognizing a practical 
threshold or de minimis dose below which risks of exposure are 
trivial and ought legally and morally to be ignored. 
A hypothetical harm can entail only a hypothetical violation of 
rights, fairness, equal protection and intergenerational 
equity. 

COMPARATIVE RISK ASSESSMENT: FALLACY vs. REALITY 

To counteract moral objections that radiation risks pose 
utterly unique threats to health, at least five methods of 
comparative risk assessment have evolved: (1) comparisons among 
risks already widely accepted by the public with "new" risks: 
(2) comparisons among risks of alternative ways of achieving 
the same objective; (3) comparing technology-induced radiation 
exposures with natural background: (4) comparison of risks with 
benefits to be achieved: (5) comparative measures of the 
cost-effectiveness of various risk-reduction options. 

Critics of comparative risk assessment object that 
each method "begs the question of why an increase in risk, 
however small, should be acceptable." ( 8) These methods are 
also attacked because they assume that radiation risks are not 
unique but commensurable with other risks, so that expenditures 
for risk reduction can achieve "equity" by a more economically 
efficient use of dollars-per-life-saved. (9) 

The first objection commits the fallacy of misplaced 
concreteness. It is fradulent to isolate one technology in 
such a way that it only represents incremental risks--as if 
these were simple additions to a current risk background. To 
the contrary, any "new" risk in reality reorders an entire 
system by displacing, offsetting, substituting for, or 
otherwise restructuring a prior pattern of benefits and harms. 
Only systemic risk analysis which surveys a total spectrum of 
threats to health, and endeavors to compare risk-reduction 
options and associated costs, can be expected to achieve the 
most equitable health protection for an entire population. 
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The incommensurability objection claims that "efficient 
use" of risk-reduction dollars cannot achieve "equity" because 
risk is not distributed in a population equally, nor is 
"efficient life saving" the only goal of safety policy. The 
objection fails on two accounts: it confuses "efficiency" with 
effectiveness, and it misinterprets "equal protection" as 
absolute protection. It is an inescapable reality that a 
public policy cannot possibly "do no harm." Even the most 
conscientious of policies will entail risks of some unintended 
harm to some hypothetical individual. When we compare more or 
less cost-effective methods of reducing risks to people and the 
biosphere, and compare net benefits, we are not wielding 
utilitarian tools for placing a callous dollar-value on human 
life or impairment as a moral judgment of individual worth. 
Much less are we estimating economic losses to society as a 
measure of personal expendability sacrificed to achieve 
technological advancement or "benefits" to an abstract society. 
In the real world of decisions about setting priorities for 
allocating public money, we are maximizing the value we place 
on human life by endeavoring to reduce widespread harm, thereby 
preventing diminished quality of life and premature loss of 
life expectancy. These decisions are covenantal expressions of 
our common humanity. 

In conclusion, a fundamental ethical imperative of 
fairness should prevent moral concerns for health protection 
from being trivialized by an obsession with hypothetical health 
effects from but one technology, thus siphoning public concern 
away from preventable causes of widespread disease, 
malnutrition, morbidity and death claiming thousands of lives 
daily, and endangering a basic set of conditions for the 
well-being of our posterity. 
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THREE-DIMENSIONAL DOSE-RESPONSE MODELS OF RISK 
FOR RADIATION INJURY AND CARCINOGENESIS* 

Otto G. Raabe, Ph.D. 

University of California, Davis, California 95616 USA 

ABSTRACT 

The use of computer graphics in conjunction with three-dimensional 
models of dose-response relationships for chronic exposure to ionizing 
radiat~on dramaticly clarifies the separate and interactive roles of 
compet~ng risks. The three dimensions are average dose rate, exposure time, 
and risk. As an example, the functionally injurious and carcinogenic 
responses after systemic uptake of Ra-226 by beagles, mice and people with 
consequent alpha particle irradiation of the bone are represented by 
three-dimens~onal dose-rate/time/response surfaces that demonstrate the 
contributions with the passage of time of the competing deleterious 
responses. These relationships are further evaluated by mathemat~cal 
stripping with three-dimensional illustrations that graphically show the 
resultant separate contribution of each effect. Radiation bone injury 
predominates at high dose rates and bone cancer at intermediate dose rates. 
Low dose rates result in spontaneous deaths from natural aging, yielding a 
type of practical threshold for bone cancer induction. Risk assessment is 
benefited by the insights that become apparent with these three-dimensional 
models. The improved conceptualization afforded by them contributes to 
planning and evaluating epidemiological analyses and experimental studies. 

METHODS 

Mathematical relationships for risk distributions. 
The bodily intake of radioactive materials, such as Ra-22b, can lead to 

protracted, chronic irradiation of tissues, such as the bone, with subsequent 
cancer induction or systemic injury. Similar responses may be observed for 
repeated external exposure to penetrating radiation. The independent risk 
probability of fatal induced cancer is obscured by the separate independent 
competing risks of death, especially those that occur near the end of the 
normal life span. The observed occurrence of fatal cancer induced by 
exposure to ionizing radiation is the resultant of the convolution of all 
causes of death, and is a type of dependent risk since it depends upon both 
the dose-response relationships for the irradiation and as well upon other 
effects including especially deaths associated with natural aging. 

Probability distribution functions are utilized to describe the various 
risk distributions as functions of time from beginning of exposure until 
death and as a function of dose rate at any specific time. These 
relationsnips have the general form that the independent risk distribution 
for a given effect has a probability density, f(t,D), and cumulative risk 
function, F(t,D), which are distributed with respect to elapsed time, t, but 
depend on average dose rate, if, forming three-dimensional mathematical 
response surfaces. The cumulative risk for a single effect is the 
independent probability (values between zero and one) of an individual 
succumbing to the specified response (e.g., dying of bone cancer) assuming 
that there are no other possible effects. Likewise, the probability density, 

*Research supported in part by the Office of Health and Environmental 
Research of the u.s. Department of Energy. 
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f, is the fraction of all individuals originally at risk who succumb per unit 
of time (e.g., per day) after exposure begins. Thus, if Tis the time from 
initial exposure to death from a specified cause and there are no other 
causes of death, then the probability of dying at a given average dose rate 
before or at a specified time, t>T, is given by F(t,D) with t:A-E and A the 
age of the individuals at risk and E their age at the beginning of exposure. 

When several separate risk distributions, Fi, are superimposed in the 
time and dose-rate space, the occurrence of one cause of death, i, is a 
fraction, S"l., of individuals who succumb to that cause at a specific average 
dose rate. ~or example, effect i=1 could be spontaneous deaths associated 
with natural lifespan, effect i=2 could be deaths associated with a specific 
form of radiat~on-induced cancer, and effect i=3 could be deaths from 
systemic injury induced by radiation exposure (Raabe, 1987). 

Independent distributions, F , are mathematically unchanged by the 
presence of the other risks, but t~e occurrence of the other risks may reduce 
the number of individuals that succumb to a specific cause. Thus, the actual 
occurrence of cancer deaths caused by radiation exposure will be less than if 
there were no other possible causes of death, and r~ 2~F2 • The occurrence 
fraction is the dependent risk from exposure to ionizing raaiation since it 
is the resultant of the various causes of death including those associated 
with natural lifespan. The number of individuals among those exposed who 
succumb to an effect, i, is predicted by ni, not Fi. 

Lognormal independent risk model 
The independent risks of cancer induction and 

usefully modeled as a lognormal functions of time 
1980; Raabe et al., 1981a; Raabe, 1984; Raabe, 1987). 
involves a basic dose-rate/time/response relationship 

other effects have been 
to effect (Raabe et al. 

The lognormal model 
given by: 

(1) 

where D is the average dose rate to the tissue at risk, t is the elapsed time 
to death (or other endpoint) after initial exposure, K is a parameter 
associated with level of risk and exposure conditions, and S is the negative 
slope of the logarithmic form of the function. At any given D, both K and t 
are lognormally distributed with geometric standard deviation, a • This 
relationship defines a three-dimensional lognormal dose-rate/time/~esponse 
surface for a specific effect such that: 

Z = (ln t - ln K + S ln D)/ln a m g 
(2) 

where K is the fitted median risk value of K, a is the observed geometric 
standardmdeviation of K values for the individufl cases, and Z is the 
standardized normal deviate which is equal to zero at the median risk 
(F=0.5). Hence, the cumulative risk for a lognormal dose-rate/time/response 
distribution for a specific effect can be calculated for each D and t by 
numerical integration of the standardized normal distribution. 

Data for 226 Ra-injected beagles. 
An example of the use of the three-dimensional models is given in an 

analysis of bone cancer induction and skeletal injury in lifetime studies of 
Davis beagle£ injected with Ra-226 (Raabe et al., 1981b). Briefly, 234 
purebred beagles were administered 8 fortnightly intravenous injections of 
Ra-226 in 0.1 N nitric acid saline solution in five dosage groups beginning 
at 435 days of age and ending at 540 days of age (midpoint of intake at 485 
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days of age). Lifetime dosimetry involved whole-body gamma ray spectroscopy 
of Bi-214 and application of the appropriate radon/radium retention ratios in 
bone; the irradiation of bone cells was primarily by alpha rays. To compare 
the Ra-226 dose-response results in beagles to other species including 
people, available human data (Evans, 1966, Evans, 1974, Argonne National 
Laboratory, 1985) and female CF mouse data (Finkel et al., 1969) involving 
bone burdens were also evaluated with the three-dimensional models. 

Life span distributions. 
The distribution of deaths associated with natural lifespan involves 

many causes including various forms of both communicable and non-communicable 
diseases, and is commonly represented utilizing the Gompertz function. The 
Gompertzian cumulative risk from an age E until a time t=A-E is described by 
h' the hazard rate at birth, and 6 ~, the exponential co~fficient (Raabe, 
1~87). For beagles, h

0
=2.037 X 10- /day and ~ :1.104 X 10- /day. 

RESULTS 

In the Davis beagle study, a total of 115 cases of fatal bone cancer 
(primarily osteogenic sarcoma) were fit to the lognormal model by least 
squares for dose rates spanning 0.3 to 20 cGy/day. The resulting function 
had K =2500, S:-0.29 and o of 1.17 based upon survival time in days and 
dose 'ate in cGy/day (Tableg1). The time post intake was calculated from the 
midpoint of the injection period (A:485 days). An approximate (S=3) 
lognormal bone injury risk function was fit to the observed cases of deaths 
from systemic injury at high dose rates. 

divi:::nin~~eit~om~~:;~ne:~u~~~~~~t~!:~~ F~~~~),m~~~ema;~i~:~se:t~ip~~::h !: 
described by Raabe (1987), the separate fatal occurrences show that radiation 
bone injury predominates at high dose rates and bone cancer at intermediate 
dose rates. Also, low dose rates result in spontaneous deaths from natural 
aging, yielding a type of practical threshold for bone cancer induction. 

To compare the Ra-226 dose-response results in beagles to other species 
including people, lognormal dose response relationships with identical S:0.29 
were fit to available human data and female CF] mouse data involving skeletal 
burdens of Ra-226 (Raabe et al., 1980; Raaoe et al., 1981a; Raabe et al., 
1983). These results for the independent risk functions are summarized in 
Table 1. The three-dimensional occurrence distribution for people of fatal 
bone cancer induced by Ra-226 can be assumed to includes a concurrent risk of 
carcinoma of the head not found in beagles. 

Table 1. Parameters of the lognormal dose-rate/time/risk distribution for 
observed fatal cancer in laboratory animals and man where S is the 
negative slope and o is the geometric standard deviation of K values 
about the median K for § animals with correlation coefficient, r, based 
upon radiation dosW rate in cGy/day and survival time in days. 

Response Radionuclide Species K ~ 0 n -m -g 

Bone Cancer 226 Beagle 2,464 0.29 1.17 115 226Ra 
Bone Cancer 226Ra ~~ Mouse 850 0.29 1.30 249 
Bone Cancer 226Ra 9,000 7 0.29 1.39 32 
Bone Injury Ra Beagle 10 3.0 Estimate 
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The same basic three-dimensional lognormal dose-rate/time/response 
function with S:0.29 was found to describe the results for the three species 
but displaced in time by a species dependent response ratio (RR). This 
response ratio can be interpreted as the ratio of the respective median 
values, K , for the three species which were well correlated to (but not 
proportionil to) life expectancy (Raabe et al., 1981a). The RR for 
people/beagles=3.6 and people/mice=10. Thus, people are one-tenth as 
sensitive as mice for osteogenic sarcoma at the same average dose rate. 

DISCUSSION 

The three-dimensional dose-rate/time/response relationships provide for 
an improved understanding of the interaction of competing risks and natural 
life span in combination with chronic exposure to ionizing radiation. In 
particular, the usual methods which utilize cumulative dose tend to obscure 
or ignore the effects of time and dose rate upon the risk. 

It is clear the the convolution of induced cancer risk distributions 
from chron1c exposures and natural life span leads to a steep, nonlinear 
occurrence function. A type of quasi-threshold describes the occurrence of 
radiat1on-induced cancer at low dose rates. Hence, the common use of linear 
risk functions to describe life span dependent risk will be expected to 
overestimate the actual occurrence of cancer at low dose rates. 
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LIMITATION OF EXPOSURE TO UV IN COMPARISON WITH IONISING RADIATION: 
POLICES AND REGULATIONS 

Branko F.M. Bosnjakovic * 
Radiation Protection Directorate. Ministry of Housing. Planning 

and Environment 
Leidschendam. The Netherlands 

INTRODUCTION 

Physical characteristics and biological effects of ultraviolet (UV) and 
ionising radiation display similarities. The present paper endeavours to 
give an overview of facts and approaches relevant for protection against UV 
as compared with ionising radiation (1). 

EXPOSURES AND RISKS 

Exposure to UV radiation may cause erythema of the skin and inflammation of 
the eye (photokeratitis and photoconjunctivitis). These effects proceed 
within a few days after the exposure has exceeded a certain threshold 
value. There are indications that chronic exposure to UV radiation may 
induce cataract. Exposure of the skin contributes to the ageing of the skin 
and the risk of the occurrence of skin carcinoma. There is no indication 
for a threshold below which the skin cancer risk is not affected. 
There is little principle difference with respect to ionising radiation, 
the exposure to which can cause both acute (non-stochastic) and delayed 
(mainly stochastic) effects. It should be remarked, however, that the 
dose-effect relationship for photocarcinogenesis in human populations is 
basically a quadratic function (lA). Therefore no elegant concept like that 
of the collective dose for ionising radiation exists. 

Also, whereas the evidence for beneficial effects of ionising radiation is 
still under discussion, the positive effects of UV irradiation (vitamin 
D production, pigmentation) are more clearly defined. 

It is of interest to compare the overall risks of exposure to UV and 
ionising radiation respectively. For simplicity, one can consider in case 
of UV the carcinogenic effect of skin exposure, which is for more than 90% 
due to the natural source, the sun. In reference (lB), the corresponding 
individual risk has been calculated for the Netherlands, on the basis of 
statistical data on skin cancer and melanoma mortality, to be in the range 
(0,5 - 2,5) lo-5 per year. The range reflects the uncertainty about which 
fraction of melanoma mortality is due to UV exposure (lC). This situation 
is not grossly dissimilar from that for ionising radiation, where 
approximately 80% of exposure is due to natural sources. In a low natural 
background radiation country like the Netherlands, a corresponding 
individual risk can be calculated to be 2,5 x lo-5 per year on the basis of 
the linear risk factor recommended by ICRP. 

BASIC EXPOSURE SITUATIONS 

Basic principles of dose limitation recommended by ICRP - justification, As 
Low As Reasonably Achievable (ALARA) principle, individual dose limits -

* Member, IRPA International Non-Ionising Radiation Committee 
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are not meant to be applied uniformly in all exposure situations. The 
individual dose limits for exposure to ionising radiation e.g. do not apply 
to medical and natural sources of radiation. Besides the three tradional 
situations - patients' exposure, exposure in the work-place, exposure of 
the members of the public - additional categories may be needed. They are 
summarised for UV and ionising radiation in Table I. 

Basic situations of 
Patients exposure 
(intentional) 

Occupational 
exposure 
(unintentional) 
Public exposure: 
(intentional) 

(unintentional) 

Table I 
exposure to radiation 

preventive 
diagnostic 
curative 
enchanced natural 
planned/within limits 
unplanned/accidental 
cosmetic 
enhanced natural 

enhanced natural 
planned/within limits 
unplanned/accidental 
large-scale emergencies 

Ionising 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 

+ 

uv 
+ 
+ 

+ ---------
+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

Whereas there exists an overall analogy, some differences between UV and 
ionising radiation are striking. No preventive medical uses of ionising 
radiation are common whereas they do exist for UV, such as to achieve 
desensibilisation or vitamin D production. No sudden large-scale accident 
emergencies are known for UV sources in contrast to ionising radiation, 
where risk management, planning and preparedness for nuclear accidents form 
major ingredients of the policy and regulatory processes. On the other 
hand, slow changes of natural UV levels with potentially serious global 
deterioration of human and ecological environment may occur if the ozone 
layer is depleted due to certain forms of pollution. 

Finally, intentional exposure for tanning purposes has become a 
characteristic application of UV radiation in many industrialised 
countries. This type of exposure is without analogon in the field of 
ionising radiation. 

LIMITATION OF INTENTIONAL EXPOSURE 

In North West European countries, a substantial fraction of the population 
have become regular users of tanning equipment (Sweden 4% (lD), the 
Netherlands 7% (lE)). 

The effects of UV radiation are wavelength dependent. Using a spectral 
effectiveness function or action spectrum the radiant exposure (in J/m2), 
or irradiance (in W/m2) can be weighted per wavelength with a factor 
appropriate for the biological effect considered. Integration over the 
whole UV spectrum produces an effective radiant exposure, or effective 
irradiance. 

Action spectra for skin erythema and for pigmentation, respectively, can be 
defined as a function of the skin type. They are similar but not 
identical. Representatives from two international organisations, IEC 
(International Electrotechnical Commission) and CIE (Commission 
Internationale d'Eclairage), have agreed at Amsterdam in 1987 to recommend 
and use the simplified action spectrum proposed by McKinlay and 
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Diffey (1F}. So far, no such general agreement has been arrived at as far 
as the pigmentation is concerned. Also there is no agreement on an action 
spectrum on carcinogenesis although there are strong indications that the 
latter is well represented by the erythema action spectrum. 

Since 1980 several countries (USA, Canada, Sweden, UK, FRG, Australia, the 
Netherlands} have promulgated regulations or recommendations concerning the 
exposure to tanning equipment, as summarised in (4). The general aim is to 
prevent acute, undesirable effects (and in some cases to limit the risk of 
chronic effects) without undue curtailment of the desired cosmetic effect. 
In most countries, the requirements concern a limitation of the irradianr.R 
(in W/m2); a limitation of the initial and/or total radiant exposure (in 
J/m2) during an irradiation course; the existence of devices such as a 
timer and an emergency switch; the use of eye protection; the information 
to be provided to the public, especially concerning the hypersensitive 
individual, the effects of drugs, cosmetics etc. 

From the foregoing, it is clear that the total annual radiant exposure is 
not limited. It may be interesting to mention that the skin cancer 
incidence in the Dutch population has been calculated to increase by a few 
percent due to the estimated exposure from tanning equipment. 

LIMITATION OF UNINTENTIONAL EXPOSURE 

Unintentional exposure from artificial UV sources can occur both in the 
work-place (research laboratories, curing of ink and lacquers) and for the 
members of the public (illumination, amusement industry}. American 
Conference of Governmental Industrial Hygienists (ACGIH) was the first body 
to formulate corresponding threshold limit values (2}. The underlying 
principles and limiting values have been further developed by the IRPA 
International Non-Ionising Radiation Committee (INIRC) (3) and by the 
Health Council of the Netherlands (4). Both latter documents require the 
ALARA principle to be applied. The purpose of the IRPA/INIRC guidelines is 
to provide limits of exposure to UV and represent conditions under which it 
is expected that nearly all individuals may be repeatedly exposed without 
adverse effects. The Dutch Health Council states more explicitely that the 
exposure limits recommendations are based on two principles: 
- harmful effects for which there is a threshold must be avoided 

the risk of chronic effects for which there is no threshold dose, is to 
be restricted to a reasonable value. 

The exposure limits apply to exposure during a normal working day, and are 
adequate to protect lightly pigmented individuals, both in the working and 
general population. They do not apply to lasers; exposure duration less 
than 0,1 microseconds; some rare, highly photosensitive individuals; 
individuals concomitantly exposed to photosensitising agents; and to 
aphakic individuals (persons with a lens removed). 

The exposure limit has a minimum value of 30 Jjm2 at 270 nm. In the 
wavelength region up to 310 nm, it is based upon combined effects on the 
skin and the eye, and is equal in all three documents. At higher 
wavelengths the exposure limit of the Health Council of the Netherlands has 
been derived from the erythema action spectrum. In the 310-400 nm region 
ACGIH and INIRC/IRPA propose to limit the irradiance to 10 W/m2 for 
exposure durations longer than 1000 s. For shorter exposures the radiant 
exposure is limited to 10 kJ/m2. These recommendations are related to the 
possible induction of the cataract. The Dutch Health Council concluded, 
however, that an exposure limit related to the cataract is only necessary 
in case of chronic exposures and recommends a value of 1 W/m2. 

12 



It has been estimated (4) that a radiant exposure equal to the proposed 
exposure limit corresponds, for average exposure conditions, to skin cancer 
risk increase of 25% for an average indoor worker. The skin cancer risk of 
an outdoor worker is a factor 5 larger than that of an indoor worker. The 
risk of skin cancer induction in case of chronic exposure to UV radiation 
approximating the exposure limit appears to be much less than the extra 
risk caused by working outdoors. 

CONCLUSIONS 

Both UV and ion1s1ng radiation may cause acute and late effects. The 
average mortality risk due to overall exposure is similar in both cases. 
Several basic situations of exposure are comparable; but UV exposure is 
characterised by (a) intentional use for cosmetic purposes, and (b)lack of 
sudden large-scale emergencies. The limitation of unintentional exposure to 
UV and ionising radiation follows similar principles of protection. It 
would be desirable to deepen further the degree of uniformity and 
harmonisation in protection against these two types of radiation. 
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ESTIMATION OF POPULATION DOSE FROM ALL SOURCES IN JAPAN 

Tomoko Kusama, Takeo Nakagawa, Michiaki Kai and Yasuo Yoshizawa 
Department of Radiological Health, Faculty of Medicine, 

University of Tokyo 

1. INTRODUCTION 
The purposes of estimation of population doses are to 

understand the per-caput doses of the public member from each 
artificial radiation source and to determine the proportion 
contributedof the doses from each individual source to the total 
irradiated population. We divided the population doses into two 
categories: individual-related and source-related population doses. 
The individual-related population dose is estimated based on the 
maximum assumption for use in allocation of the dose limits for 
members of the public. The source-related population dose is 
estimated both to justify the sources and practices and to optimize 
radiation protection. The source-related population dose, 
therefore, should be estimated as realistically as possible. We 
investigated all sources that caused exposure to the population in 
Japan from the above points of view. 

2. MATERIALS AND METHODS 
(1) Investigated sources 

We investigated all sources contributing to exposure to the 
population in Japan. The sources surveyed in this report are shown 
in Table 1. 

Table 1 Surveyed natural and man-made sources 
natural sources 

cosmic rays 
terrestrial radiation 
internal irradiation 
radon and thoron and their decay products 

man-made sources 
nuclear power production 
nuclear explosions 
consumer products 
technologically modified natural radiation 
medical radiation 

(2) Population dose 
We estimated two population doses. One was the per-caput dose 

from each source of both natural and man-made radiations. The 
other was the maximum individual dose from all artificial sources. 
The per-caput doses were calculated realistically and the 
individual dose for each critical group was calculated with 
maximum assumption. In calculating the doses, the effective dose 
equivalent proposed by ICRP was used. 
(3) Data sources 

We used available information reported in some publications by 
the authors or other researchers. 

In the case of no information regarding Japan, particularly 
indoor radon concentration, we used other countries' data published 
in UNSCEAR reports and elsewhere. 
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3. RESULTS 
(1) Per-caput effective dose equivalent 

An average annual effective dose equivalent for one person 
from all sources is shown in Fig. 1. Note that the doses from 
man-made radiation sources amount to about 50% of all population 
doses. The doses from both man-made radiation and from natural 
radiation each contribute almost the same to the population doses 
in Japan. It was also found that the doses from medical radiation 
constitute 98% of the doses from man-made radiation. 

The annual per-caput effective dose equivalents from natural 
background radiation in Japan were 270 ~ Sv from cosmic radiation, 
300 ~ Sv from terrestrial radiation, 240 ~ Sv from internal 
radiation and 840 ~ Sv from the inhalation of radon, thoron and 
their products. 

The per-caput effective dose equivalents from radiological 
diagnosis and therapies are shown in Fig. 2. The doses from X-ray 
radiographies performed in the hospital occupy the larger part of 
the doses from medical radiation. The doses from mass health 
examination, that is chest and upper abdomen photofluorographies, 
follow the doses from the X-ray examination. The types and 
frequencies per person of X-ray examination are shown in Fig. 3. 
On the average, one person receives one X-ray examination once a 
year. 

Dental radiographies are performed frequently in Japan, but 
their effective dose equivalent is very small. Consequently, 
dental X-ray examinations do not contribute at all to population 
dose in view of the effective dose equivalent. On the other hand, 
since the effective dose equivalent of upper abdomen X-ray 
examination is higher, its contribution to the population dose is 
large. 

The average annual effective dose equivalent from man-made 
sources other than medical uses, that is fall-out radiation, 
technologically modified natural radiation, and discharge radiation 
from nuclear facilities, is only about 30 ~ Sv and contributes 0.8% 
of the population dose. 

In Japan, 14 nuclear power stations and 35 nuclear reactors 
are now operated. The operational levels on the discharge of 
radioactive nuclides from nuclear power stations is set by national 
authority at 50 ~ Sv/y for members of the public. The actually 
received doses are controlled at below 10 ~ Sv/y. 
(2) Maximum effective dose equivalent from artificial radiation 

sources 
The maximum effective dose equivalents from man-made sources 

are shown in Table·2. These doses were estimated to be maximums 
with intention of use for allocation of dose limits for member of 
the public, that is 1 mSv/y. 

Table 2 Maximum effective dose equivalent from man-made sources 
source dose (~ Sv) 

nuclear power plants 50 
fuel reprocessing facilities 100 
consumer products 10 
coal power plants 50 
phosphate fertilizers 20 
high altitude flights 110 
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Fig.1 Average annual effective dose equivalent 
to one person from all sources 
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Fig.2 Per-caput effective dose equivalents 
from radiation diagnosis and therapy 
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of X-ray examination. 
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4. DISCUSSION 
The per-caput effective dose equivalent from natural radiation 

in Japan, 2 mSv/y, is approximately similar to other countries 
located at the same latitude and height. The proportion of natural 
background radiation to all population dose, about 50%, was 
different from other highly developed countries, in which the dose 
from man-made radiation sources were lower than in Japan. The 
doses from medical uses in Japan are higher than those in other 
highly developed countries. For example, the doses from medical 
radiation in Japan are six times higher than those in England. 
Radiological examination such as X-ray diagnosis, mass health 
examination, dental X-ray and nuclear medicine is carried out 
frequently in Japan. In Japan, legal periodical chest examination 
is enforced for all of the population and periodical upper abdomen 
X-ray examination is carried out frequently in persons more than 40 
years of age. The diagnosis X-ray and nuclear medicine are daily 
used for many patients in hospitals. The practitioners and 
radiologists should judge the application of radiography, 
fluoroscopy or radiation therapy for patients from the viewpoints 
of justification of the practices. Our survey in Japan showed that 
despite frequent uses of medical radiation, most practitioners and 
radiologists had little or insufficient knowledge of radiation 
protection and radiation risk and detriment. Our urgent problem is 
to promote the spread among practitioners of knowledge of radiation 
protection for patients. Another problem is to obtain further 
information on indoor radon concentration. There is little such 
information .in Japan. Further investigation is needed to estimate 
exposure to indoor radon. In Japan, some systematic su~•ey of 
indoor radon concentration is being done by the National Institute 
of Radiological Science (NIRS) and other societies. More 
information will be expected in a few years. 
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FOOD IRRADIATION ISSUES, TECHNICAL AND PUBLIC, IN THE UNITED STATES 

Hank Kocol 
Food and Drug Administration 

In the past few years in the United States there have been a 
few controversies relative to our food supply. A certain segment 
of our population has always been concerned about food additives 
and the use of pesticides, the allegation being that those 
chemicals are "unnatural" and can lead to deleterious effects 
among the consuming population. The issue of pesticide use 
reached a peak several years ago with the news that eythylene 
dibromide (EDB), commonly used to disinfest grain, could have 
long-term carcinogenic effects. The food and agricultural 
industries are searching for safer chemicals or other techniques 
to ensure a safe and varied food supply. One technique being 
studied is Food Irradiation. 

"Food Irradiation" is defined, for the purposes of this 
presentation, as the use of ionizing radiation in food 
processing. 

Current proposals and uses for food irradiation limit the 
sources to certain radioactive isotopes (cobalt-60, cesium-137) 
which are sufficiently long-lived and emit penetrating radiation 
for practical use, and to machines (x-ray, electron beam) which 
can produce sufficient penetrating radiation with rather simple 
technology. There are advantages and disadvantages of each 
source. Radioactive isotopes need to be shielded when not in 
use; machines produce the radiation only upon electrical 
stimulation but are more complex technically. Isotope sources 
have limited useful lives because of radioactive decay. 

In a typical food irradiation facility, containers of food 
are transferred automatically into the radiation field produced 
by the source. The food is irradiated for a particular time 
dependent upon the strength of the source. The irradiated food 
is then automatically transferred outside the radiation field for 
shipment. Shielded walls would be necessary around the radiation 
area to protect the public and workers. If the source is a 
radioactive isotope, a shielded safe would be necessary for 
storage of the source while it was not being used for 
irradiation. 

There are quite a few reasons for which food irradiation 
would be useful in processing. In order of increasing radiation 
dose, food irradiation would be useful for: 

Inhibition of sprout formation, and thus increase the shelf
life of sprouting vegetables at 50-150 Gy; 

Insect disinfestation at 200-800 Gy; 
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Elimination of spoilage organisms at 1,000 to 3,000 Gy; 

Elimination of pathogenic and parasitic organisms for which 
3,000 to 8,000 Gy is necessary; 

Food sterilization at 25,000 to 50,000 Gy. 

A problem can occur in that spoilage organisms are 
eliminated at levels lower than that necessary to eliminate 
pathogenic organisms. The natural taste-smell test for 
suitability for food may thus become unreliable. If the spoilage 
organisms are eliminated but pathogenic organisms are allowed to 
proliferate, organoleptic tests for freshness would be invalid. 

For increase in shelf-life, irradiation is suitable for some 
foods but not others. Papayas, mushrooms, onions, and shrimp can 
have their shelf-lives extended because of the retardation of 
evident aging processes. The amount of radiation to be used for 
each food must be determined empirically. Some species of 
cherries, for example, can be shelf-life extended, whereas others 
would be degraded by the irradiation. Irradiation conditions 
must be determined for each specific food item. 

Food irradiation, like anything else, is not a panacea. 
There are problems associated with irradiation in that food 
quality may be affected at higher doses, the hygienic quality of 
the food must be controlled prior to irradiation, and reirradia
tion may lead to organoleptic deterioration of the food product. 
As with any other type of irradiation, the effects of food 
irradiation are cumulative with dose; therefore, food would need 
to be labeled that it had been irradiated so that a future 
processor does not reirradiate the food causing deterioration. 

Historically, the idea of food irradiation arose in the 
1940's when the U.S. Army experimented with the irradiation of 
food for field use. At that time, many of the techniques 
currently in use had not been developed resulting in the food's 
having the famous "wet dog" taste. By selective irradiation 
techniques of particular foods many of those early problems have 
been eliminated. Current techniques can include cryogenic 
temperatures during irradiation, for example. 

In 1963 the Food and Drug Administration approved the use of 
food irradiation to control insect infestation in wheat. 

In 1964 the Food and Agricultural Organization of the United 
Nations issued recommendations concerning food irradiation that 
included the following: 

(1) Legislation concerning food irradiation must be 
promulgated; 

(2) The safety of the food irradiation must be cleared; 
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(3) Specific foods must be cleared individually; 
(4) Compliance must be accomplished using chemical testing, 

licensing, biological testing, labeling, dosimetry, and 
record keeping. 

In 1980 an FDA committee concluded that animal feeding 
experiments are not necessary for foods at less than 1000 Gy. 
That conclusion resulted from chemical analyses of foods which 
had been irradiated compared to those which had not been irradi
ated and consideration of the levels of radiolytic products 
produced versus the amounts that would be necessary for practical 
animal experimentation. 

In 1983 the FDA approved the use of irradiation to control 
microorganisms and insects in spices. The consideration here 
included the fact that spices not only are susceptible to 
microorganism and insect infestation, but also are a relatively 
small portion of the diet. 

In 1985 the FDA approved the use of up to 1000 Gy to control 
trichinosis in pork. I understand that we are perhaps the only 
developed nation which has a pork trichinosis problem, and, 
therefore, our pork is not suitable for export to most other 
countries in the world. 

In April, 1986, the FDA permitted further use of irradiation 
to inhibit the growth and maturation of fresh food and to 
disinfect foods adulterated with insects. All foods that are 
irradiated must be labeled to show this fact, both at the 
wholesale and at the retail levels. Thankfully, a previous 
recommendation to use the term "picowaved" has fallen by the 
wayside. Labeling needs to contain a statement concerning the 
radiation treatment and bear a symbol which, as the public 
becomes accustomed to it, may be all that would be required for 
labeling in the future. 

There have been quite a few myths concerning the food 
irradiation process, and we should discuss some of those myths. 
First of all, of course, the use of the sources proposed will not 
make the food radioactive. 

Since irradiation causes chemical changes in foods, concern 
has been expressed that there would be deleterious nutritional 
deficiencies caused in the irradiated items. It is true that 
irradiation does result in chemical changes in the foods, and 
some of the vitamins can be affected. However, those nutritional 
deficiencies are very small compared with nutritional deficien
cies induced by other methods of food processing, such as 
cooking, or even by storage of the food. Some foods which showed 
a large decrease in certain vitamins are really minor sources of 
those vitamins in the American diet. 
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Some critics have emphasized that irradiation can produce 
new chemicals in foods. There are radiolytic products induced in 
food by irradiation. The major radiolytic products are already 
present in part per million quantities in foods with no apparent 
harmful effects to the consumer. Unique radiolytic products, 
that is, those produced only by irradiation and not by any other 
food processing techniques, are chemically similar to substances 
already found in food and are of such very small quantities (much 
less than parts per billion) that they cannot be considered 
deleterious to the consumer. 

Another criticism focuses on the possibility that reirradia
tion of the same food at various stages in processing can 
increase the concentrations of radiolytic products. It is true 
that as dose increases the concentration of radiolytic products 
in the food also increases. However, because irradiation can 
also degrade the radiolytic products, the concentration of those 
products reaches a plateau at approximately 10 kGy, after which 
further irradiation eliminates as many of the radiolytic products 
previously formed as causes further radiolytic product formation. 

Others emphasize the hazards to workers and public with the 
use of such a dangerous modality as intense sources of ionizing 
radiation. Of course, standard health physics techniques are 
necessary for safe operation of the facility. 

A last myth, which has recently surfaced, is that food 
irradiation is being promulgated simply as a way to use the 
radioactive wastes that have been produced as byproducts of 
nuclear power and weapons production. In accordance with this 
myth, we would become so dependent upon the radioactive isotopes 
for food irradiation that we would continue nuclear power and 
defense weapons production simply to obtain the isotopes for this 
modality. In the United States, this myth is given credence by 
the fact that the Department of Energy is funding much of the 
food irradiation research; the fact that DOE must do so under 
Congressional edict is not considered. The argument, of course, 
does not address accelerator sources which are proposed for 
future facilities. 

In summary, food irradiation cannot be a panacea to solve 
all food processing problems. It can, however, be used to save a 
large percentage of the world's food supply which is lost to pest 
infestation; it can increase the shelf~lives of many foods, thus 
increasing the variety of foods available to a larger population; 
it can eliminate much of the use of carcinogenic insecticides in 
our food supply; it can reduce the salmonella and trichinosis 
problems in meat items. 

21 



IMPROVING RADIOLOGICAL SAFETY THROUGH ORGANIZATIONAL DESIGN 

Steve Rayner, 
Oak Ridge National Laboratory 

P.O. Box X, Oak Ridge, TN 37831, USA 

ABSTRACT 

A pilot study of the perceptions of radiation hazards among American 
hospital personnel indicates that members of various occupational categories 
exhibit diverse behaviors toward X-rays, radiopharmaceuticals, and radioactive 
waste. These results are summarized in relation to other studies of 
radiation-hazard perception in Britain and the U.S. The implications for risk 
management and institutional design are brought together in a systematic model 
that relates specific characteristics of various medical occupations to 
different levels of vigilance and concern for potential radiation exposure to 
personnel and to patients. 

The key variables determining cavalier, complacent, paranoid and vigilant 
responses to potential hazards are found to be the extent of personal control 
and the degree of integration of the respondent into the institution. A mea_n_s ______ _ 
of determining and adjusting an appropriate balance between individual control 
and institutional procedures is suggested for each of a range of occupation 
types that use or encounter ionizing radiation in the workplace. 
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RISK OF OCCUPATIONAL INJURIES IN THE INDUSTRY OF JAPAN 

Tamiko Iwasaki*, Atsuhiko Takeda**, and Sadayoshi Kobayashi* 
* Natl. Inst. Radial. Sci.,4-9-l, Anagawa, Chiba 260, Japan 
** Radiation Center of Osaka Prefecture, Sakai 593, Osaka, Japan 

Introduction 

The ICRP Committee stated in their publicationsl),2),3) that 
it is important to compare the total harm that may be caused by 
the radiation with the total harm involved in other occupations, 
with respect to fatal or minor injury, occupational disease, or 
the effects of mutagenesis in the working environment. Death has 
commonly been used as an index of the comparatlve safety or harm 
of different industries, and the frequency of death attributable 
to occupational causes already has a certain validity. In this 
way, assessment was made on the yearly trend of change in the fata
lity rates due to occupational work in seven categories of industry 
in Japan during the period from 1975 to 19844),5). Furthermore, 
the frequency of injuries of defined severity in occupational haz
ards, fatality rates of accidents and diseases due to occupational 
work, and also commuting accidents to and from work were examined. 

Methods 

The data from Statistics 6) and Undertaking?) Annual Reports 
of Workmen's Accident Compensation Insurance Council published by 
Ministry of Labor, and Population Census8) by Statistics Bureau, 
Prime Minister's Office, were used in this study. Industry is 
classified into eight categories on the basis of the Standard 
Industrial Classification for Japan: Forestry, Fisheries, Mining, 
Construction, manufacturing, Transportation and communication, 
Electricity, gas, water, steam and hot water supply, and Others. 
However, in the report , category of "Others" was omitted from the 
risk estimation, because of its wide-spread coverage of various 
occupations. The base number is the total number of workers which 
correspond to the number of workers covered by the Workmen's Acci
dent Compensation Insurance. All risk rates are shown as the 
number of claims per million person years worked, unless otherwise 
stated. In order to estimate the risk rate for each industry, the 
number of claims is divided by the estimated population in each 
industry. 

Results and Remarks 

(1) Risks of fatal and non-fatal occupational injuries 
Occupational deaths in industrial workers showed a rather 

wide distribution ranging from 3,000-5,000 per million workers per 
year in Mining to tens per million workers per year in Electricity 
etc. (Fig. 1). In Japan, Mining belongs to the highest risk indus-
try, fatal occupational risk being 4,196 per million workers per 
year, while the lowest one is 88 per million workers per year of 
Electricity etc. 
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Figure 1. Trend of fatality rates per million workers per 
year in seven industries (1975-1984) 
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Table 1. Mean rates of fatal and non-fatal injuries per 
million workers per year in seven industries (1975-1984) 

Non-fatal injuries 
Industry Total Fatal permanent Permanent one or more 

injuries injuries total partial days leave 
d isabi I i ty d isabi I i ty from work 

Forestry 80,209 716 379 4,202 74,912 
(%) 100 0.9 0.5 5.2 93.4 

Fisheries 80,846 803 126 3,189 76,728 
(%) 100 1.0 0.2 3.9 94.9 

Minig 166,789 4,196 7,777 10,226 144,590 
(%) 100 2.5 4.6 6.1 86.8 

Construction 45,000 351 254 3,241 41,154 
(%) 100 0.8 0.5 7.2 91.5 

Manufacturing 44,776 111 82 2,601 41,982 
(%) 100 0.2 0.1 5.8 93.8 

Transportation 41,247 250 97 2,150 38,750 
(%) 100 0.6 0.2 5.2 94.0 

Electricity etc. 5,591 88 22 221 5,260 
(%) 100 1.6 0.4 4.0 94.0 

Mean of seven 
industries 45,289 222 179 2,766 42,122 

(%) 100 0.5 0.4 6.1 93.0 
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As pointed out in ICRP Publications, it is also important to 
study the frequency with which harmful effects of different kind 
and severity occur in different occupational contexts. Risks 
expressed as the word "occupational injury" can be classified into 
two groups, one representing fatal risks and the other non-fatal 
risks, including permanent as well as temporary disability. Com
pensation or pension will be paid on the basis of the Workmen's 
Accident Compensation Insurance Law to people according to the 
categories of severity. Table l shows the risks of injured person 
per million workers per year in each industry. It is shown in 
the Table that the fatal injuries were less than one per cent com
paring with various types of non-fatal injuries in all industries 
except Mining, and that more than 90 per cent of injuries was one 
or more days' leave from work. The total risks with fatal and 
non-fatal injuries are distributed from l.7xlo-l in Mining to 5.6 
xlo-3 in Electricity etc., the average risk of seven industries 
being 4.5xlo-2. It was also shown in the Table that percentage of 
permanent total disability in each category of industry is close 
to that of fatal injury, respectively. 

(2) The ratio of accident and disease in occupational deaths 
Above data on the death number of workers in each industry 

include the deaths caused by accidents and occupational diseases. 
Table 2 indicates the deaths of accidents and of diseases separate
ly in the total occupational deaths. The numbers of accidental 
deaths in occupational in all seven industries were greater than 
those of occupational diseases. That is, these ratios were below 
one tenth except for Mining and Electricity etc. where it is about 
one fifth. The main causations of death in occupational diseases 
are the injuries and the pneumoconiosis due to inhalation of 
metallic or mineral particles. 

Table 2. Occupational deaths (1974-1984) 

Deaths(%) 1 0 6 workers/Y 
Accident Disease Total Accident Disease 

Forestory 95.7 4.3 522 500 22 
Fisheries 90.1 9.9 614 553 61 
Mining 79.5 20.5 1345 1069 276 
Construction 94.1 5.9 215 202 13 
Manufacturing 88.7 11.3 49 43 6 
Transportation 94.2 5.8 132 124 8 
Electricity etc. 81.5 18.5 29 24 5 
Average 91.8 8.2 118 108 10 

(3) RisY at work and risk in transit to and from work 
Usually, the statistical data on Workmen's Accident Compensa

tion Insurance Council in Japan do not include the commuting acci
dents. In ICRP Publication 45, the ratio of death in transit to 
and from work in various countries was compared. As shown in Table 
3, the ratio of death in transit was only around ten per cent of 
occupational death. Comparing with other industrial countries, 
this ratio is very low. It might be due to the utilization of 
low-risk public transportations such as train or bus instead of 
motor car. 
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Table 3. Ratio of traveling and occupational deaths 
(1975-1984) 

1 0 6 ~<orkers/Y 
Industry T/W 

Work Transit 
Forestory 594 20 0.03 
Fisheries 709 23 0.03 
Mining 1842 28 0.02 
Construction 290 13 0.04 
Manufact.u r i ng 67 14 0.21 
Transportation 185 15 0.08 
Electricity etc. 55 11 0.20 
Average 156 14 0.09 

Comparison was made on these results with those of other count
ries which were shown in ICRP Publications 27 and 45 in terms of 
number of occupational deaths per million workers per year, speci
fically, with the values in U.S.A. for the years of 1969 and 1972 
as given in ICRP Publication 27 and with those in Canada for the 
years from 1975 to 1981 as given in ICRP Publication 45, respective
ly. Fatality rates from occupational injuries in various indust
ries in Japan are within the same order of levels which were obser
ved in other countries as cited in ICRP reports. 
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FOOD IRRADIATION - A FRESH CASE OF RADIATION PHOBIA ? 

F .P.J. Robotharn 

University of Melbourne, Parkville, Victoria, Australia. 

INTROOOcriON 

From the mid-1950's until the present day any activity with words such 
as atomic, nuclear or radiation has caused great concern in many members of 
the public. These concerns arose, quite properly, during the 1950's because 
of the levels of radioactive contamination produced by atmospheric nuclear 
weapons testing. The concerns have continued to be fueled by events such as 
the 1957 Windscale Reactor Fire, the three Mile Island accident of 1979, 
Chernobyl, as well as various other issues, of which the most potent is the 
potential impact of a nuclear war. Because of these public fears , often 
encouraged by various groups for their own normally laudable, ends, the 
potentially beneficial uses of radiation are often confused with those that 
are distinctly dangerous. 

Such is the case with the proposal to irradiate various foodstuff to 
either extend their shelf-life or to control or kill pathogens and insects 
after harvesting. 

Two arguments are being used by the opponents of food irradiation. One 
is that the process is hazardous to both plant operators and members of the 
public who live nearby. The second is that the irradiation process harms 
the eventual consumers of the food from either induced radiolytic products 
or substantially reduced nutritional loss and vitamin loss. 

This paper argues that whether or not the second point is valid, the 
process itself is inherently safe and does not present any untoward 
radiological hazard. 

FOOD IRRADIATION POOCEOORES 

Preserving food by ionising radiation - either gamma rays from 
radionuclides, usually cobalt-60 or caesium-137) or machine generated Xrays 
or electron beams - works by killing microorganisms and insects in or on the 
food. Radiation can also delay the ripening of produce by modifying the 
metabolic processes of maturing fresh fruits and vegtables. 

The most common form of irradiation plant is the static sterlizer 
housing the irradiation source in a pool of water from which it can be 
raised to irradiate products passing on same type of conveyor system. The 
lot being contained within a suitably thick concrete cell. One such plant 
using cobalt-60 operates in the State of Victoria and is used for the 
irradiation of a variety of non-food items such as syringes, gloves, bee 
hives etc. 



The Victorian plant consists essentially of a 7 meter deep pool of water 
in which sits a metal frame containing 6 modules each capable of holding up 
to 42 Co-60 pencils. The frame is raised out of the water into the 
irradiation position. The controls for raising and lowering the sources and 
operating the product conveyor are all located outside the 1.6m thick 
concrete cell which houses the irradiation facility. The walls provide 
adequate shielding when the source is in the exposed position. The various 
holes for access etc. were monitored and the highest radiation levels 
detected were: 

(a) at the main exit point - 5 rGyh-1 

(b) at the product exit point of the conveyor range- 9-lOJWGYh-l 

This area is fenced off, the dose rate at the fence gate was about 
background. 

The total amount of radioactive material present in the Dandenong plant at 
full loading is approximately 37 petabequerel (i.e. 106 Ci)). 

The irradiation room is ventilated at the rate of 20 air changes per hour to 
avoid excessive ozone build up. The pool water is circulated continuously 
through a mixed resin bed demineraliser and activated charcoal filter. 

RADIATION SAFETY 

Radiation safety was considered under two headings - the safety of plant 
personnel, and the safety of the general public, particularly those living 
near the plant. Both routine operations and potential emergencies were 
assessed. 

For plant personnel it was thought that there were two possible sources 
of exposure: external irradiation through inadequate shielding, emergence 
of a pencil from within the shielded area, inadverent exposure within the 
cell, possible exposures during loading and unloading procedures and 
possible high gamma dose rates at the ion-exchange column caused by a 
leaking capsule contaminating the water and internal irradiation from 
leaking cobalt contaminating the pond, then drinking water leading to 
unsuspected ingestion. 

EXTERNAL IRRADIATION 

As noted above there are no radiation leaks around the concrete cell and 
the maximum dose rate during routine work is 9-lOf-Gyh-1 at the exit point 
of the conveyor range -which is fenced off. 

An even better indicator of radiation control procedures are the monthly 
and yearly exposure records of staff working in the area. Monthly doses 
are generally zero with occasional exposures of between 10 and 70~Sv. 
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During loading and unloading, plant personnel assist AECL staff, and 
the maximum dose received during such operations has been l80fSv. The 
highest yearly dose recorded has been about 400~Sv. 

Emergency situations considered were; 

(a) Inadvertent Exposure Within the Cell 

The start up procedure requires that a safety key switch is 
activated in the irradiation room using the same key that activates 
the control consule. the key is attached to a radiation rronitor. 
The procedures are that the operator has to enter the irradiation 
room, check that no-one is there, activate the safety key switch, 
leave the irradiation room at walking pace, lock the access door, 
and within 45 seconds activate the control console switch. It is 
considered that the procedure is completely adequate for preventing 
anybody inadvertently being left in the cell. 

In the reverse procedure as noted above the access door cannot be 
unlocked except by the control console key by which can only be 
removed when the source is in the shielded position. The door 
itself has further safeguards, there is also the cable stretched 
across the access to the maze, and a radiation monitor is attached 
to the key. 

Because of the various interlocks it was considered that the 
possibilities of anybody being in the cell with the sources in the 
exposed position to be nil, even though at least two such events 
have apparently occured overseas. 

(b) Inadvertent Exposure Outside the Cell 

The daily monitoring of the ion-exchange column, oow changed to 
continuous monitoring, provides an early warning of any cobalt 
leakage and exposure to staff should be negligable. 

Which leaves the possibility of a pencil emerging from the shielded 
area. There are three defence mechanisms. Firstly, the source 
pencils are slotted into channels at the top and bott:crn of one of 
the six nodules. When full, the hinged end of the nodule is closed 
holding the pencils firmly in place. These modules in turn are 
held in the rack by sliding them into vertical channels at each end 
of the nodule. A cover is fitted to the conveyor structure such 
that should a pencil be dislodged from a frame it would fall to the 
bot tern of the pond and not onto a product box. Thirdly, a ganuna 
monitor, now duplicated, is installed in the product exit maze. 
This monitor sounds an alarm and shuts the plant down should the 
dose rate rise above a preset level. 
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INTERNAL IRRADIATION 

The combination of the possibility of the cobalt-60 metal, the ion
exchange column monitor, and the fact that the rods are wipe-tested when 
being installed makes the likelihood of any contamination of drinking water 
negligable. 

MEMBERS OF 'IRE PUBLIC 

It was thought that there were four possible sources of exposure to 
members of the public, other than visitors. 

They are: external radiation during routine operation of the plant; loss 
of a pencil fran the plant environs; 

external exposure during transportation of sources to and from 
the plant; 

contamination of water supplies leading to ingestion of 
cobalt-60. 

The radiation levels at the perimeter of the plant are indistinguishable 
fran background and do not change whether the source is in the exposed 
position or not. Thus members of the public do not receive a radiation 
exposure during normal operation of the plant. 

All transportation is carried out using flasks designed to IAEA 
standards. These flasks are designed to withstand accidents of much greater 
magnitude than any that can be conceived as happening between the arrival 
port and the plynt. The dose rates on the outside of the flask range fran 
50 to 400pGyh- , well below the allowable limit. Consignments are 
accanpanied by a radiation safety officer who travels in a separate 
vehicle. Thus in the event of accident causing the truck to be stopped 
members of the public could and would be kept away from any potential 
exposure zone. 

ACCIDENTS 

A comprehensive review of accidents at sterilization plants has not been 
undertaken. However the data that have been found suggests that the few 
fatalities that have occurred appear to have resulted from a failure to 
follow set procedures coupled with a component failure. 

Typical was the fatality at the Norwegian Institute of Engergy 
Technology. A microswitch failed giving a source shielded signal releasing 
the barring of the door lock even though the positional display showed the 
source in an elevated portion. Comparison of the two signals would have 
shown the discrepency. There was not however a positive failure signal. 

In addition the radiation monitor in the interlock system had been taken 
out of service for maintenance and the radiation dose/interlock system was 
out of action. Thirdly, the technician failed to use a monitor to check the 
radiation level before entering the irradiation room. 
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The prevention of any of these three mistakes would have avoided the 
fatality. 

CONCWSION 

Radiation phobia, although not necessarily an identifiable disease, does 
exists in many countries. Professional radiation protection personnel 
have a responsibility to continue the process of public education so that 
there is a better understanding of the hazards, real and otherwise, of the 
uses of radiation. 

One such current public issue is whether the irradiation of food is 
hazardous or not. 

It is not appropriate to argue from the particular to the general but 
what can be stated is that the gamma sterilization in Victoria plant does 
not pose a hazard to plant personnel or public. Neither should plants like 
it, operated in a similar manner under a similar restrictive and policed 
regulatory regi.roo, cause radiation problems. 

Wherever debates and inquiries are conducted on the suitability or 
otherwise of radiation preservation of food the safety of the process should 
not be a significant factor. 

12 January, 1988 
FPR:sy 
E/Nol/Ml6 
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DIFFICULTIES IN USING THE OBJECTIVE HEALTH DETRIMENT AS AN 
INDICATOR OF THE RADIATION HARM IN A POPULATION 

L. Frittelli 
ENEA - ROMA - Italy 

SUMMARY 
Owing to the probabilistic relationship between dose and 

stochastic effects some problems could arise in using the concept 
of objective health detriment for low probability exposures. The 
usefulness of other statistical indicators of occurrence of 
health effects in the exposed population is also discussed. 

1. The detriment is a source-related concept, useful to 
describe by a single quantity the total impact of a radiation 
source over a group of N individuals: it has been defined as the 
mathematical expectation of harm in the exposed group. It is 
proportional to the number of exposed individuals, to the 
probability of each individual suffering the effects and to the 
severity of the effects. 

2. In evaluating the detriment, which in principle accounts 
for all deleterius effects due to exposure to ionizing radiation, 
the stochastic effects can be sorted out and grouped togheter in 
a quantity GH, the Objective Health Detriment. For planning the 
protection, it is usually assumed, more on practical and 
administrative grounds that on radiobiological evidence, that 
when individual doses are well below dose limits the incremental 
probability of suffering stochastic effects is directely 
proportional to the dose increment, with a proportionality factor 
R0 = 0.0165/Sv for the effective dose equivalent. The sum of the 
increments of individual doses in the exposed group is thus 
proportional to the increment in the Objective Health Detriment 
therein, i.e. GH R.N.H, where H is the per-caput incremental 
dose. Introducing the incremental collective dose S in the 
exposed group, we can write G = R.S. 

H 

3. The increment in the collective dose could be considered 
a "measure" of the increment of G only if there were a 

H 
sufficient knowledge of the risk factors: all the uncertaintes 
in selecting R are linearly reflected on GH. Also the 
uncertaintes in evaluating S are linearly reflected in G : the 

H 
quality of the models used for estimating exposures is crucial. 
That shall be taken into account in all decisional procedures for 
optimizing the protection by ranking the different protective 
options on the basis of the associated collective dose or 
objective health detriment. In Cost-Benefit-Analysis 
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uncertaintes in R are also reflected in the numerical value of 
alpha, if obtained by methods not related to radiological 
protection (earning power of people, national income, ••• ). The 
use of these methods shall be not encouraged. 

4. Owing to the probabilistic nature of the relationship 
between dose and occurrence of stochastic effects, if N 
individuals are equally exposed at B, the individual probability 
r = RB of suffering deleterious effects does not depend on the 
"risk" incurred by the other (N-1) individuals in the group. The 
probability of -n- effects among the N exposed individuals is 
given by the binomial distribution (Fig. 1) 

N 
P(n) = <n 

n N-n 
r (1-r) 

with an expected value B(n) = N.r and a variance V(n) = N.r(1-r). 
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5. With reference to the collective dose s, we have B(n) = 
R.S = G

8 
and V(n) = R.S (1 - R.S/N) "'-' R.S = G

8 
for N large. The 

objective health detriment G
8 

shall so be considered as the 
expected value from a binomial distribution, whose variance, for 
N large equals the expected value itself. The usefulness of such 
a statistical indicator could seem very questionable for low 
probability exposure: the expected value of the collective dose 
cannot be used for getting an indicator of the expected value of 
the detriment. 

6. A more useful indicator could be the integral probability 
P(n ~ 0) of having effects in the exposed group, 

N 
P (n >0) 1- P(O) = 1- (1- R.B) ""'R.B.N. = G

8 
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a good approximation for R.S c<1. The additivity property holds 
also for this indicator, when the impacts of several radiation 
sources on a group of individuals can be considered, now or in 
the future, mutually independent: P (n > 0) for each source shall 
be evaluated and the results summed. As an example, in balancing 
occupational and public exposures, the values of P(n~O) for the 
workers and for the population shall be evaluated and summed to 
obtain P(n >O) for the different protective options to be 
selected. 
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7. As shown in Fig. 2, the value of P (n '> 0) is always small 
for values of S up to man-Sv, irrespective of the value 
actually assumed by the risk factor R. Using this indicator in a 
decisional process for selecting protective options could be very 
useful, because options leading to P (n > 0) lesser than an assumed 
"indifference value" (1% 5%) could be considered equivalent: 
values around man-Sv could be considered as a "threshold" for 
introducing collective doses into decisional processes. A 
similar conceptual approach should be adopted for defining 
exemption levels of sources or practices from the regulatory 
control. 

8. In the range 1 - 1 0 0 man-Sv P (n "> 0) depends on S and R, 

but more slowly as G does. Above 100 man-Sv P (n > 0) becomes 
H 

unitary for each reasonable value of R. It should however be 
clear in mind that such large values of collective dose can be 
considered only where a large number of individuals is exposed, 
because the risk factors adopted by the ICRP - and also the same 
concept of Effective Dose Equivalent - hold only below individual 
dose limits, i.e. at individual doses below 50 msv. For high 
values of collective doses E(n) becomes an useful decisional 
factor, because its variation coefficient is very small, at least 
for planned (unitary probability) exposures. 
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9. P (n) 0) seems to be a very useful statistical indicator 
of the harm in an exposed group in the field of probabilistic 
(accidental) exposures. Expected values are very difficult to be 
handled in the case of rare events, because uncertainty is very 
large when the probability is low. The integral probability 
P' (n ') 0) of having effects in a group of N individuals equally 
exposed is given by the product of the probability -p- of the 
event and of the probability P (n "> 0) 

I:S:I .. ··· .. 0 . 

Planned 
unified 
options 
for the 

N 
P 1 (n' 0) = p(1-(1-R.B) ) 

Fig.3-P'(n)0) £o~ S 
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and probabilistic exposures could thus be treated in a 
decisional process (Fig. 3) by ranking the protective 

on the values of P' (n > 0), to be evaluated and summed 
various conditions of exposure before the options are 

compared. 

10. In conclusion, some practical and conceptual 
difficulties could arise in using the concept of objective health 
detriment and, as a consequence, in optimizing radiation 
protection by means of the cost-benefit analysis. Its use shall 
be restricted to very simple situations, within a wide 
multicriteria analysis. The statistical indicator proposed in 
this paper, that is the integral probability of having effects, 
could be used in this multicriteria analysis for accounting in 
the decisional process for the health effects in the population 
exposed to radiation source or practice. It is worthwhile to 
note that the proposed approach does not require a formal 
definition of the quantity collective dose: only the number N of 
exposed individuals and per-caput dose B are conceptually 
required for its applications. 
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THE WEIGHTING FACTOR FOR THE FEMALE BREASTS; IMPLICATIONS FOR THE 
EFFECTIVE DOSE EQUIVALENT 

by Lucas B. Beentjes and John H. Duijsings 
University of Nijmegen 

The Netherlands 

The results of several surveys indicate that the incidence of 
radiation-induced breast cancer for the worker would be 200 * 1o-4Gy-1 
in the absolute risk model (UN77, BE80, LA84, UN86). The mortality 
to incidence ratio for breast cancer for The Netherlands is 0.4 
(cf. GSF85, BE80). Therefore, the absolute risk model would yield 
a factor of 0.8 * 10-2Gy-1 for fatal breast cancer although a value 
of 0.2 * 10-2Gy-1 has also been reported (Si84). The relative risk 
model of BEIR (BE80) would suggest a risk factor for the female 
breast of over 1.2 * 10-2Gy-1. The natural incidence of female 
breast cancer in The Netherlands is, with that in the U.K., the 
U.S.A. and Switzerland among the highest in the world. In this 
connection the Dutch National Health Council (GR85) considers a 
risk factor of 1.2 * 1o-2sv-1 with a range of 0.8 * 1o-2sv-1 to 
1 .6 * 1o-2sv-1 for irradiation-induced fatal breast cancer a more 
representative value than the 0.5 * 1o-2sv-1 given in ICRP 
publication 26 (ICRP77). In the case of uniform irradiation the 
total female risk - including the genetic contribution - would 
become 2.6 * 1o-2sv-1 as compared with 1.4 * 1o-2sv-1 for the male, 
as illustrated in figure 1. Hence the female risk, in case of 
uniform exposure, would approach twice the male risk. If the 
somatic effective dose equivalent (SED) is considered, the ratio 
becomes even larger. The SED is the uniform whole-body dose that 
will cause the same somatic risk as the actual (non-uniform) dose, 
the genetic risk not being considered. It has been pointed out 
(Be84) that the same SED in a woman carries with it 1.5 times as 
high a risk as in a man, on the basis of the "real" risk factors 
from ICRP 26 (i.e. 0.5 * 1o-2sv-1 for the female breast). In the 
remainder of this paper we will adhere to the factor 0.8 * 1o-2sv-1 
for the mortality risk of breast cancer for the (female) worker, 
as the available evidence supports this value if the absolute excess 
cancer rate, from which the relative increase of natural incidence 
is obtained, decreases with age (GSF85, Pr87). However a risk factor 
of 1.2 * 10-2 or more per sievert should not be excluded in case 
of a single relative risk value for adults (BE80, Pr87). 

The introduction of the effective dose equivalent brought 
equalisation between men and women. The somatic risk for the worker 
according to ICRP 26 is 1.25 * 1o-2sv-1. This figure is an average 
over the sexes, as the somatic risk as used in ICRP 26 is in fact 
1 * 1o-2sv-1 for the male worker and 1.5 * 1o-2sv-1 for the female 
worker. For the amount of harm or hurt originating from genetical 
changes in the first two generations, an average of 0.4 * 1o-2sv-1 
is used for the 18-65 worker age group. Therefore the risk factor 
for the "mono-mamma" worker becomes 1.65 * 1o-2sv-1. 
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To demonstrate the effect of an increase of the risk factor for the 
female breast from 0.5 * 1o-2sv-1 to0.8 * 1o-2sv-1,let us consider 
the effective dose equivalent HE in the (extreme) situation in 
which solely the female breast is irradiated. As is also usual in 
SED determinations, we split the risk coefficients into one set for 
males and one for females. In the split ICRP-model an increase of 
the risk factor for the female breast from 0.5 * 1o-2sv-1 to 
0.8 * 1o-2sv-1 results in an increase of the female HE by a 
factor of 1 .4. 

Table 1 . The weighting factors in the split ICRP model with fatal 
breast cancer risks of 0.5 * 10-2Sv-1and 0.8 * 1o-2sv-1., 
respectively. 

Mortality (genetical) risk per unit dose, R, 
(10-4 Gy-1) and weighting factors (wT) 

Tissue male 

R WT 

Gonads 40 0.29 
Red Bone Marrow 20 0. 14 
Thyroid 5 0.04 
Bone surface 5 0.04 
Lung 20 0.14 
Breast ( ~) 
Remainder 50 0.36 

Total 140 1 . 0 

From Table 
wT columns 

the increase factor 
0.36/0.26 = 1.4. 

R = total risk ( 10-2 sv-1); -----, 
uniform irradiation. 
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In the same way the increase of HE can be estimated for a variety 
of risk factors for the female breasts. The changing weighting 
factor for the female breast, w'breastsr relative to the standard 
weighting factor inherent in the chosen model, Wbreastr can be 
calculated as a function of the risk per unit dose. 

Figure 2 presents this relative change Y 
"w 'breast 

= w breast as a function 

of the mortality risk per unit dose equivalent for the female 
breasts, x(1o-2sv-1). This relative change is given for three 
models: 
- The ICRP model for the mono-rr.arnma worker corresponding to the 

equation: Y (ICRP) = !x * 1 .65/{0 .25 * (1.4 + !x)} with 
Wbreast = 0.15. 

- The "split" ICRP model: Y~ (ICRP) = 1 .9x/{0 .5 * (1.4 + x)} 
with Wbreast = 0.26. 

-The SED model: Y~ (SED) = 1 .5x/{0.5 * (1 + x)} with Wbreast = 0.33. 

The above mentioned ratio of 1 .4 can be readily found from figure 2 
at x = 0.8 using the curve for the "split" ICRP model. If for the 
mortality risk of the female breast 0.8 * 10-2sv-1 is taken,the 
excess fatal cancer rate of females in case of uniform irradiation 
becomes 1.8 times that of males. 

In the ICRP model of the mono-marrma worker an increase of 
fatal female breast cancer enhances the risk of the worker, 
irrespective of the worker's sex. Especially if the radiation
induced excess breast cancer risk becomes very large, a 
reconsideration of the equalisation of man and woman may become 
desirable. Even more so as the application of WT is not limited to 
the radiation worker. 
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BASIS FOR THE DESIGN OF RADIOLOGICAL PROTECTION INSTRUMENTATION 
FOR NUCLEAR FACILITIES 

J A B Gibson and M Marshall 
Environmental & Medical Sciences Division 

D J Ryden and R D Watkins 
Instrumentation & Applied Physics Division 

Harwell Laboratory of the UKAEA 

INTRODUCTION 

Radiological protection (RP) is vital to the design of all nuclear plant 
and the RP instruments to be installed or used in the plant must be of a high 
standard of reliability to ensure safe working and minimum risk. Plant size, 
type and inventory of radioactive materials will influence the complexity of 
the instruments ranging from simple monitoring for tritium in air in a lumi
nizing facility to the full range of monitoring around nuclear reactors and in 
fuel reprocessing plants with: external gamma-ray and neutron detectors; 
radioactive gas monitors; and beta/gamma-ray and alpha particle detectors for 
radioactive aerosols. Installed instruments should have a standard of relia
bility comparable to reactor instrumentation and portable and personal dose
meters for delineating fields and measuring personnel dose for record purposes 
must be robust and designed for the purpose for which they are used. 

RADIOLOGICAL BASIS FOR PLANT DESIGN 

In the UK nuclear industry there are many codes of practice for the safe 
design of plant and its operation. There is a recent code of practice(l) 
(with a guidance note) specifically to give radiological guidelines. 
Radiological principles in the UK are based upon ICRP recommendations< 2) which 
are converted to regulations< 3 ) and a code of practice< 4 ) by the UK Health & 
Safety Executive (HSE), with advice from the UK National Radiological 
Protection Board (NRPB). 

The design dose targets (l), prior to optimisation of the design using 
cost benefit analysis, are, for radiation workers: 10 mSvjyr averaged over 
radiation workers on a particular plant; 15 mSv for any individual radiation 
worker; 150 mSvjyr extremity dose equivalent to an individual. The design 
target for non-radiation workers is 5 mSvjyr and 0.5 mSv for a typical member 
of the most exposed group of the public. These targets are in line with the 
latest guidance from NRPB( 5 ) which anticipates ICRP recommendations but which 
has not yet been accepted by the HSE. It should be noted that the HSE 
regulations <3 ) require a management investigation if an individual's dose 
equivalent exceeds 15 mSv in a year, or if a woman of reproductive capacity 
exceeds 13 mSv to the abdomen in any consecutive 3 months period (10 mSv 
during a declared term of pregnancy). Also the operational controls for 
non-radiation workers and typical members of the public will be the same as 
the design targets(l). 

INSTALLED RADIOLOGICAL PROTECTION INSTRUMENTS 

The RP instrument engineer has to translate the operational requirements 
into instruments to demonstrate compliance and indicate levels above 10% of 
established limits. There is a code of practice for installed RP 
instruments(6) which is designed to assist the health physicist in specifying 
the requirement and then to provide guidance on satisfying the request and 
installing the instruments. RP instruments required in a plant would include: 
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criticality monitors; gamma-ray & neutron monitors; radioactive gas monitors 
in working areas & stacks, sampling and monitoring equipment for airborne 
alpha & beta-particle aerosols in working areas & stacks; hand & clothing 
monitors; liquid waste monitors. RP instruments will normally have alarms 
which should not be falsely triggered and need a high standard of reliability 
and availability (low maintenance down time) which should be comparable with 
that demanded of nuclear reactor instrumentation(l,B). 

Specification by the Health Physicist. The specification starts with a 
definition of the operational characteristics, viz: sources & radiations, 
hazards, permitted doses, alarm levels, type of measurement, accuracy and 
degree of sophistication required. The radiation environment must be 
specified; for example radon and its daughters can interfere with measurements 
of alpha radioactivity in air and ventilation, weather and building design can 
all influence the radon activity level. Background radiation from gamma-rays 
or neutrons can be variable and interfere with measurements as can shielding 
and backscattering from structures. All of these effects need to be con
sidered in the specification. The non-radiation environment is equally 
important, viz: temperature, pressure, humidity, vibration, electrical 
interference, corrosion, contamination & cleaning and accessibility; all need 
to be considered and ranges of operation specified. This specification 
exercise needs to be interactive to avoid over-stringent requirements which 
could be expensive and to ensure that the sensitivity of any equipment is 
identified before it is provided. 

Specification by the Instrument Engineer. A target technical specifi
cation should be produced for preliminary consideration and discussion with 
the Health Physicist. This will provide an overall design specifying the 
measurement required, sampling techniques (if applicable), the alarm levels 
and failure indicators. Availability, ie 'the sum of the times for which the 
system is in the inoperative failed state divided by the total time during 
which it should be operative', and reliability ie 'the characteristic of an 
item expressed by the probability that it will perform a required function 
under stated conditions for a stated period of time', need to be agreed with 
instrument user. Information display has become a major part of the specifi
cation as plants come under computer control and RP instruments are required 
to provide their information centrally. Alarms (visible and audible) are 
still required close to the instrument and autonomous operation in the event 
of a computer failure is highly desireable. Information handling and centra
lised instrument require increasing amounts of computer software which is 
itself subject to the same availability and reliability audits that are 
applied to the hardware. This provision of software may reduce the reliance on 
human influences but they must still be considered. Hardware is completed by 
specification of power supplies (with battery back-up?), cables (reduce 
interference) and the physical supports for the instruments. Detailed 
manufacturing & test procedures, and quality assurance are needed before 
supply costs can be estimated. 

Supply. Maintenance and Documentation. Finally comes installation, 
maintenance and documentation: it is usual for RP installed instruments to 
have a life of many years and so complete documentation at the start of 
installation is vital to reliability, maintainability and availability. 

PORTABLE AND TRANSPORTABLE RADIOLOGICAL PROTECTION INSTRUMENTS 

The specification procedures for portable and transportable equipment( 9 ) 
is very similar to that for installed equipment except that it is much more 
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difficult to define the environment in which it will be used. Equipment will 
certainly be subject to more physical shocks if it is carried or worn and, 
whilst it should be robust enough for the purpose, it should clearly indicate 
when it has failed as the instrument, for example, a gamma-ray or neutron 
survey meter or contamination monitor is acting as the radiation sense organ 
of the user. Thus the instrument designer should maximise the identification 
of revealed faults and minimise the number of unrevealed faults. Other 
instruments will include personal alarm monitors for external radiation or for 
sampling and counting aerosols of alpha and beta particles. Separate specifi
cations for instruments using passive detectors, eg film dosemeters and 
personal air samplers, need a combination of the requirements for portable and 
installed equipment for reading or counting the passive element. 

COMPUTER SOFTWARE 

As indicated above, the need to provide remote control and reading of 
installed and even portable RP instruments is producing an increasing 
requirement to provide software with at least the same reliability and 
availability as the hardware. Also it is unlikely that the software designer 
will have a completely free hand in choosing either his hardware or program
ming language which may be fixed by the overall plant control system. It is 
possible to provide, at some expense, direct software control within the 
instrument by preprogramming but once the output reaches the central control 
this flexibility of approach is lost. 

Firstly it is necessary for the user to define an overall requirement in 
terms of immediate information, manipulation of data, recording of historical 
data, printouts, displays, failure indicators (including pump failures on 
samplers) & alarms and interaction with other programs. There may be a 
variety of installed instruments, eg measuring external gamma radiation, 
neutrons, gases, tritium, particulates, etc; and uses, eg workplace, stack, 
natural environment. Each type of instrument will require its own software 
although there may be much that is in common .. Pocket dosemeters can be used 
for access control to restrict and record doses received: this information on 
individual access and dose may be recorded for comparison with recording 
dosemeters (film or thermoluminescent dosemeters). The results of all 
measurements and dose assessments for an individual will need to be stored to 
provide the legal dose records(lO). 

The development of expert systems to handle emergencies and provide rapid 
dose assessments and evaluations is an area of increasing importance in order 
to provide information quickly and prompt for further measurements(ll)_ 

TYPICAL ASSESSMENT PROCEDURE FOR RP INSTRUMENTATION 

Ideally RP instrumentation should form part of the overall plant design 
from its inception so that sampling points can be fixed, instrument locations 
decided and cable runs organised. Fitting RP instruments into existing plant 
is more common but the principles are the same. The stages are as follows. 

A Examine the plant and its potential hazards to workers and the public. 
B Consider the RP design limits for within the plant and for releases to 

the environment under normal and accident conditions. 
C Decide upon the operation of the RP service, its expertise, facilities 

for emergencies, services which can be bought in, eg bioassay. 
D List all the possible RP instruments that might be required with moni

toring levels (minimum & maximum) and possible methods of detection. 
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E Prepare simple specification giving: range of measurements; special 
requirements (eg separation of plutonium activity from radon background); 
uncertainties over the range; electrical requirements (eg power supplies, 
interference, alarms, reliability, availability); computer imput; test 
facilities; and environment (radiation and non-radiation). 

F Look for connected requirements, where with a small modification an 
instrument can be used for 2 purposes, and interaction between 
instruments. 

G Consider available instruments and decide where R&D is required to 
satisfy the specification. 

H Define the computer software requirements for installed monitors 
(on-line) and off-line personnel dosimelry. 

I Propose locations for RP instruments, cables, connectors (interfaces), 
racks, power supplies. 

J Provide a provisional cost estimate for R&D, procurement, software and 
operation of the RP instruments and the RP service. 

It is important that an instrument engineer is involved in the last two stages 
and before procurement in providing complete specifications, final costings, 
supply, installation, documentation, warranty and maintenance schedules. None 
of this procedure can be completed without reference to the customer (plant 
designer) and to the Health Physicist who will interpret the results from the 
RP instruments and software. 
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STANDARDISATION AND CALIBRATION FOR RADIATION PROTECTION PURPOSES 
IN THE UNITED KINGDOM 

M J ROSSITER 
Division of Radiation Science and Acoustics 

National Physical Laboratory, Teddington TW11 OLW, United Kingdom 

PRIMARY STANDARDS AND CALIBRATION RADIATIONS, 
X-, GAMMA AND BETA RADIATIONS 

Primary standards for the realisation of the quantity exposure were 
established at the NPL several decades ago. Free air chambers are used for 
X-rays generated at 300 kV and below and graphite cavity chambers for X-rays 
generated at 1 MV and 2 MV as bremsstrahlung spectra from a Van de Graaff 
accelerator. About 10 years ago a set of X-ray qualities was developed providing 
a series of X-ray spectra specifically to be used for the calibration of 
protection-level secondary standard ionisation chambers. These spectra generated 
between 10 kV and 280 kV have approximately the same spectral resolution and for 
a given tube current provide approximately the same exposure rate at the same 
distance from the X-ray tube foci. With the exception that the 1 MV and 2 MV 
qualities have been replaced by collimated caesium-137 and cobalt-60 beams, this 
range of radiation qualities has continued in use up to the present time. In the 
near future the ISO narrow spectrum series of X-ray radiations [1] will replace 
the NPL qualities over much of the energy range. 

For beta radiations a parallel plate ionisation chamber was established as 
a primary standard, enabling the beta ray absorbed dose rate to air to be 
determined at fixed distances from radionuclide sources. 

DISSEMINATION OF CALIBRATIONS 

Since the introduction of the series of X-ray protection-level qualities, 
the aim has been to provide calibrated secondary standards to outside 
laboratories which would undertake the routine checking of area monitors. 
Eighteen centres in the UK now hold such secondary standards and, including 
recalibration work and calibrations for laboratories overseas (25 countries), a 
total of more than 100 secondary standard protection-level systems have been 
calibrated against primary standards. Thus within the UK the means has been 
supplied for the traceable calibration of all area monitors at the 14-monthly 
interval stipulated in our new Ionising Radiations Regulations 1985 [2] and for 
the calibration aspect of instrument type-testing. 

Secondary standards for beta-radiations have been supplied in the form of 
radionuclide sources calibrated in terms of absorbed dose rate to air or to 
tissue at fixed distances using the primary standard described earlier. These 
sources correspond to the Series 1 sources listed in ISO 6980 [3]. Table I 
indicates the approximate dose rates available for the sources of highest 
activity supplied for each nuclide. 
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TABLE 1. NPL SECONDARY STANDARD BETA-RAY SOURCES 

Calibration Absorbed dose rate to 
Nuclide distance tissue at 0.07 mm depth 

-1 mm mGy h 

Sr-90+Y-90 300 14 
T1-204 300 2 
Pm-147 200 1 

PERSONAL DOSIMETRY 

All the UK personal dosimetry services are subject to approval by the 
Health and Safety Executive (HSE}, and for the purpose of ensuring that 'doses 
are assessed on the basis of accepted national standards', periodic 
intercomparisons are organised. In the case of services for the monitoring of 
external radiations, dosemeters are irradiated at a major secondary laboratory 
equipped with NPL standards and sent out to the services for measurement. The 
service run from the centre housing this secondary laboratory is directly 
audited by NPL, and other services may also be directly audited by NPL at the 
request of HSE. The calibration of dosemeters in some services may be based on 
the use of NPL calibrated secondary standards but the majority make use of 
radionuclide sources of certified activity. In either case the procedures ensure 
that all personal dosimetry relates back to national standards. A similar 
scheme, based on the assessment of tritium in water samples, has been initiated 
for the auditing of internal dosimetry services. 

QUANTITIES AND UNITS 

Following the change to SI units in ionising radiation metrology, the 
British Committee on Radiation Units and Measurements (BCRU} recommended the use 
of the quantity air kerma K for photon dosimetry in air [4]. According to the 
quantity in which the secon!ary standard is scaled, NPL provides calibrations in 
terms of exp~ure in r5ntgens or coulombs pe~1 kilogram, absorbed dose rate to 
air in rad h , and air kerma (rate) in mGy{h ). 

The BCRU gave interim recommendations [4] for the approximate conversion to 
'dose-equivalent' of readings on protection instruments scaled in r5ntgens, 
viz. 1 mR = 10 pSv, pending expected guidance from ICRU on new dose equivalent 
quantities. Following the publication of ICRU 39 [5] and the recommendation that 
the new quantities ambient dose equivalent, H*(d), and directional dose 
equivalent, H' (d), be adopted for area monitoring within the UK, recommended 
conversion factors have been published by BCRU [6] as given by Wagner et al [7]. 
For X-ray calibration qualities in general use in secondary standardising 
laboratories, factors are becoming available for converting the air kerma 
calibrations supplied by NPL to the new dose equivalent quantities. Table II 
lists factors for the ISO narrow spectrum series of X-ray qualities based on the 
use of measured spectra folded in with the conversion relationships given for 
monoenergetic photons. Similar factors are available for use with the NPL 
protection-level X-ray qualities as long as they continue to be employed. 
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TABLE II. 

Generating 
voltage 

kV 

40 
60 
80 

100 
120 
150 
200 
250 
300 

FACTORS FOR CONVERTING AIR KERMA TO AMBIENT AND DIRECTIONAL 
DOSE EQUIVALENT - ISO NARROW SPECTRUM FILTERED X-RADIATION 
SERIES 

Mean Conversion factors 
energy 
keV H*{10)/K (Sv/Gy) H' (0.07) /K (Sv/Gy) a a 

33 1.18 1.27 
48 1.59 1.49 
65 1. 73 1.60 
83 1. 71 1.60 

100 1.65 1.55 
118 1.58 1.50 
161 1.46 1.39 
205 1.39 1.34 
248 1.35 1.32 

For NPL beta-ray secondary standards calibrated in !rrms of absorbed dose 
to tissue at a depth of 0.07 mm in units of mGy h , the corresponding 
direc~ional dose equivalent rate has the same numerical value with units 
mSv h . 

STANDARDS FOR SURFACE CONTAMINATION AND ENVIRONMENTAL RADIOACTIVITY 
MEASUREMENTS, AND FOR NEUTRON DOSIMETRY 

To allow radionuclide surface contamination monitors to be calibrated 
regularly with reference to national standards, as required by regulations, NPL 
has developed a programme for the calibration of large area sources of a- and ~
emitting radionuclides. The ~-emitting nuclides include C-14, Pm-147, Tl-204, 
Cl-36 and Sr-90+Y-90 covering an energy range above 0.15 MeV, and the a-emitting 
nuclide is Am-241. These correspond to the Class 1 reference sources of ISO 
draft standard 8769 [8]: the calibration certificate gives the measured emission 
rate. The general requirements for Class 2 reference sources of the same 
radionuclides are the same as for Class 1 but these sources are calibrated 
against Class 1 sources using a reference transfer instrument. The requirement 
for such calibrated sources and for general agreement on methods for improving 
surface contamination monitoring capabilities has received support from a recent 
intercomparison of such measurements in UK hospitals [9]. 

Another requirement which has become evident recently is that for 
radionuclide solution standards in the 10-100 Bq/g range, in connection with 
studies of environmental activity. Such standards are now issued for an 
expanding range of pure and mixed radionuclides. A programme has started for the 
development of reference materials with agreed low levels of radionuclide 
content. 

Traceability in the UK for radiation protection purposes for neutron 
radiations is achieved by providing access to standardised neutron fields at 
NPL, either source- or accelerator-based. These cover the energy range 1 keV to 
20 MeV, the accelerator fields resulting from the use of proton and deuteron 
beams from a 3.5 MV Van de Graaff accelerator with a variety of targets. 
Neutron-sensitive devices of all types may be irradiated and precision long 
counters compared with the NPL standard precision long counter. Neutron dose 
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equivalent values are calculated from the standardised neutron fluence rates by 
the use of internationally agreed conversion factors. 

NATIONAL MEASUREMENT ACCREDITATION SERVICE (NAMAS) 

NAMAS, which has its headquarters at NPL, is a Government Service under 
which about 600 laboratories to date are accredited for certain measurement 
activities, either of testing or calibration. Calibration laboratories fall 
within the British Calibration Service (BCS) section of NAMAS and a current aim 
is to have secondary level radiation protection laboratories accredited within 
this system and added to the list of about 200 laboratories accredited for 
calibration work in a variety of fields. The assessment of laboratories is 
performed against published criteria and a list of the technical criteria for 
the ionising radiation field is given in Table III (* undergoing rev1s1on, 
+ in preparation). The revised documents draw heavily on the ISO standards 
referred to in earlier sections. 

TABLE III. BCS RADIOLOGICAL CRITERIA - INSTRUMENT AND SOURCE CALIBRATION 

Doc. No. Supplementary Criteria for Laboratory Accreditation -

B0811* Calibration of Radiological Protection Level Instruments: 
X-, Gamma and Beta- Rays 

B0813* Calibration of Radiological Protection Level Instruments: 
Neutrons 

B0814 Calibration of Radionuclide Sources: Activity, Particle 
or Photon Emission Rate, Exposure Rate or Air Kerma Rate 

B0815+ Calibration of Surface Contamination Monitors 

In addition to the supplementary criteria, general criteria are set for 
laboratory organisation and staffing; importance is laid on written measurement 
procedures and substantiation of claimed uncertainties of measurement. The use 
of NPL calibrated secondary standards is a central requirement and we believe 
that accreditation in this field will be an important contribution towards 
improved quality assurance in radiation measurements of all types. 
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INSTRUMENTATION RESEARCH AND DEVELOPMENT IN 
U.S. DEPARTMENT OF ENERGY HEALTH PHYSICS PROGRAMS 

J. M. Selby and K. L. Swinth 
Pacific Northwest Laboratory 
Richland, Washington U.S.A. 

INTRODUCTION 

E. J. Vallario 
u.s. Department of Energy 

Washington, DC U.S.A. 

The goal of applied research in instrumentation sponsored by 
u.s. Department of Energy's (DOE} Radiological Controls Division 
is to maintain the protection of radiation workers at the highest 
level commensurate with the current level of technology. Current 
research developments in the Division will be described in this 
paper. 

Planning and controlling exposures to ionizing radiation 
require accurate, reliable instrumentation to establish and 
measure dose rates, to indicate high-exposure rate areas, and to 
control the spread of contamination. Control of the radiation 
environment, established with sophisticated portable and installed 
instruments, is verified by bioassay and dosimetry programs that 
also rely on sophisticated instrumentation. 

The DOE Radiological Controls Division conducts several pro
grams under the technical direction of the Pacific Northwest 
Laboratory (PNL}, DOE's lead laboratory in health physics. These 
programs make use of DOE contractors, universities, and private 
companies to evaluate and upgrade measurement systems. Applied 
research is conducted in the areas of beta measurements, neutron 
measurements, internal dosimetry, air monitoring, and instrument 
evaluations. 

INSTRUMENTATION PERFORMANCE 

As a result of the observed poor performance of health 
physics instruments, a draft performance standard was written and 
evaluated experimentally at PNL. The evaluation [1] led to 
changes in the standard, so that all of the tests are practical~ 
it is possible to design instruments that meet the various per
formance criteria. However, specific instrument types met certain 
selected criteria only with difficulty. An analysis of the errors 
for gamma survey ~nstruments that passed the standard [2] showed 
that for Geiger-Muller (GM} detector-based instruments the 
expected accuracy would be ±30%, whereas for ionization detector
based instruments the expected accuracy would be ±26%. These are 
the quadrature sum of errors found during testing of the instru
ments and do not include errors in calibration, in reading the 
instrument (precision, recording errors, etc.}, or in degradation 
of performance in the field. The dominant sources of error are 
angular dependence, energy dependence, and temperature dependence. 
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In order to meet recommended accuracies for field measure
ments [±30%, Ref. 3], instruments must be able to meet criteria 
similar to those found in draft American National Standards 
Institute (ANSI) Standard N42.17A. The DOE is planning a testing 
program for instruments used in their facilities. 

NEUTRON INSTRUMENTATION 

In the neutron program, a new type of radiation-detection 
instrument has been developed that uses the tissue equivalent 
proportional counter (TEPC) as the detector (4]. Based on devel
opments in algorithms, counter stability, and electronics, a pro
totype instrument [5] was developed at PNL to measure the total 
dose equivalent in mixed radiation fields. This "Total Dose 
Meter" is designed as an alarming personnel monitor and com
plements existing dosimeters used for workers exposed to neutrons. 

A block diagram of the electronic circuitry of the unit is 
shown in Figure 1. To measure the very small pulses from gamma 
rays, it was necessary to develop an ultra-low noise preamplifier, 
which has a root mean square (RMS) noise of only 130 electrons. 
To cover the wide range of pulse sizes, it was necessary to use 
two separate linear amplifiers, one for neutron events and one for 
gamma events. An analog to digital converter (ADC) was designed 
using a pulse-height-to-pulse-width circuit that is used to gate 
an oscillator. Pulses from the ADC are summed and stored in 
buffers until interrogated by a microprocessor. 

BETA INSTRUMENTATION 

Tests at PNL [6] have shown that many instruments have severe 
angular and energy dependence. Some instruments do have adequate 
characteris2ics; these instruments generally have a thin window (5 
to 10 mg/cm ) and a thin sen~itive volume, both in terms of den
sity thickness (1 to 5 mg/cm) and physical thickness (<2 em). 
One instrument with suitable energy and angular response is based 
on a thin plastic scintillator (5 mg/cm2 ) and uses pulse-shape 
discrimination to eliminate noise [7]. Because of this discrimi
nation, complex power-consuming circuitry is necessary. This cir
cuitry makes the instrument cumbersome and affects its long-term 
stability. Work is underway to improve the instrument and produce 
one that will operate reliably in the field. 

Research has also resulted in the development of a coinci
dence system using a proportional counter and a thick scintillator 
to collect beta spectra in the field. This results in a scintil
lator that can collect either beta or ~8~ma spectra with a rejec-
tion ratio of 1000:1. Spectra from a Bi source are shown in 
Figure 2. Such a capability is important in studying beta fields 
present in a facility to implement effective protective measures. 

Laser heating of thermoluminescent dosimeters (TLDs) [8] pro
vides a system that enhances the signal-to-noise ratio by rapid 
heating of the TLDs and also provides high throughput. Commercial 
co2 lasers are not designed to produce the ultra-stable light 
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Amplifier 

FIGURE l. Block Diagram of 
Total Dose Meter Electronics. 
A neutron (n) and a gamma (y) 
channel are used with the micro
processor summing the neutron 
(Nn) and gamma events (NY) 
and calculating dose. 
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FIGURE 2. Spectra from 207Bi 
Source in a Plastic Scintillator 
Operated Normally and in Coinci
dence with Proportional Counter 
in Front of the Scintillator 

out-put needed to reproducibly read dosimeters. Applied research 
resulted in adding temperature stabilization and beam monitoring 
to the laser system to obtain reproducible heating of the TLDs. 
The beam profile from a laser system is gaussian (nonuniform) and 
research resulted in met~ods to produce uniform heating over a 
selected area (2 to 3 mm ). The system can now reproducibly pre
anneal, read out, and post-anneal TLDs in l second. 

INTERNAL DOSIMETRY 

Accurate measurement of internal depositions of radionuclides 
is essential to determine radiation risk to workers who acquire an 
internal deposition of radioactive materials through inhalation, 
ingestion, or penetration of the skin. Bioassay techniques 
involve measuring trace amounts of nuclides in excreta, primarily 
urine. In 1982, PNL developed a new technique for precisely meas
uring uranium in aqueous solutions (urine). The technique, kine
tic phosphorimetry [9], automatically compensates for quenching 
effects and therefore produces reliable measurements with less 
sample preparation than required previously. The instrument is 
extremely sensitive and can measure uranium concentrations down to 
a few parts per trillion. The DOE was awarded a patent for the 
unique capabilities of this technique, which has been 
commercialized. 

The PNL is currently developing a new technique for measuring 
the concentrations of radionuclides [10]. This technique uses two 
pulsed dye lasers to resonantly excite only the target isotope to 
an electronic state just below the ionization threshold. Colli
sions with an inert gas ionize the excited atoms, and a thermionic 
diode detector measures the ion production. Recent results with 
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calcium as an analog for the transuranic elements indicate that 
detection limits of less than one femtogram should be feasible. 
This unique technique offers the extreme sensitivity of laser 
measurements in a relatively simple and inexpensive apparatus that 
will be useful in measuring nuclides in excreta, The technique 
may also be useful for measuring nuclides in aerosols. 

CONCLUSIONS 

Efforts have also included development of a transuranic air 
monitor [11], specialized studies of instrument performance, and 
prototype evaluation of several detector systems including fiber 
optics, organic semiconductors, and others. Recent developments, 
together with the health physics instrumentation testing, have 
resulted in improved measurement capabilities. Health physics 
instrumentation of the future [12] should encompass the latest 
technological advances in detectors and electronics to improve 
basic measurement capabilities and to provide greater reliability 
of existing instrumentation. Applied research will continue to 
provide the means by which to improve accuracy, ease of operation, 
reliability, and versatility of health physics instrumentation. 
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RECHERCHE ET DEVELOPPEMENT POUR L'INSTRUMENTATION DE RADIO
PROTECTION A L'INSTITUT DE PROTECTION ET DE SURETE NUCLEAIRE 

L. FITOUSSI 
Institut de Protection et de Surete Nucleaire 

I. INTRODUCTION 

Les missions principales de l'Institut de Protection et 
de Surete Nucleaire (IPSN), cree en 1976 sous la tutelle du 
Ministere de l'Industrie, comprennent en Radioprotection : 

- Les etudes et les recherches qui couvrent les domaines des 
effets des rayonnements sur l'homme et l'environnement, de 
1' intervention sani taire et medicale, des acti vi tes techniques 
telles que l'instrumentation de mesure des rayonnements, la 
robotique, la filtration et la ventilation dans les installations 
nucleaires, etc., 

- L'assistance aux services ministeriels en matiere de reglemen
tation, de plans d'intervention, ainsi qu'en matiere d'information 
du public et de relations internationales. 

En matiere de R & D pour 1' instrumentation de radioprotec
tion, l'IPSN est charge de la planification des programmes effec
tes dans les differentes unites du CEA et dans ses propres labora
toires, de repartir les ressources et d'assurer une coordination 
et un suivi de l'execution des travaux. 

Pour assumer efficacement ses responsabilites l'IPSN a 
cree deux comites et un centre technique dont les membres appar
tiennent a des unites qui participent a l'execution des programmes 
et aux services centraux charges des relations industrielles 
ou commerciales. Il s'agit : 

- du C.I.R.P., Comite de l'Instrumentation de Radio-Protection, 

- du C.C.P.I.R., Comite Consultatif 
Industrielle pour l'Instrumentation de 

- du C.T.H.I.R., Centre Technique pour 
mentation de Radioprotection, 

lesquels ont pour mission : 

en matiere de 
Radioprotection, 

l'Homologation de 

Politique 

l'Instru-

- de prendre en consideration les problemes et les besoins 
des utilisateurs en matiere d'instrumentation de radioprotection, 

- de definir les caracteristiques techniques des appareils 
et d'initier les etudes en laboratoire, 

- de rassembler les points de vue des representants des 
autori tes du CEA pour definir et conduire une poli tique indus
trielle pour la realisation et la commercialisation de ces appa
reils, 

- de maintenir le dialogue avec les industriels des firmes 
franr;:aises qui produisent ces appareils et, si possible, lancer 
des developpements industriels en etroite cooperation, 

- d'effectuer l'homologation des appareils dont l'utilisation 
est recommandee dans les installations du CEA, et de cooperer 
sur le plan national et international a la normalisation de 
l'instrumentation de radioprotection. 
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II. DOMAINES D'INTERET 

Un des objectifs de l'IPSN est de developper une instrumen
tation et des systemes de traitement et d'exploitation des donnees 
qui garantissent que les mesures, effectuees en routine ou en 
situation d'accident, repondent aux criteres de radioprotection, 
aux prescriptions reglementaires et aux normes techniques publiees 
par la CEI et l'ISO. 

Les programmes actuels recouvrent les domaines ci-apres : 
- Surveillance du personnel 
- Surveillance des zones de travail 
- Surveillance de l'environnement 
- Surveillance en situation d'accident ou post-accidentell~ 
- Qualification et standardisation de l'instrumentation de radio-
protection. 

Dans chacun de ces domaines des etudes sont menees pour 
resoudre les problemes techniques, ameliorer la qualite des 
appareillages et des mesures, et definir les tests des perfo
rmances en vue de l'homologation. Toutefois la limitation des 
moyens et des ressources entraine une concentration des efforts 
sur les programmes prioritaires suivants : 

- Dosimetrie des neutrons pour les personnels et les zones de 
travail, 

- Surveillance de la contamination atmospherique dans l'environ
nement, les zones de travail, et au niveau de la sphere de 
respiration des travailleurs 

- Systemes de traitement et d'exploitation des donnees pour 
les Tableaux de Controle des Rayonnements (T.C.R.) des instal
lations nucleaires en vue de la surveillance des zones de travail. 

III. TRAVAUX EN COURS 

3.1. DOSIMETRIE DES NEUTRONS 

Les travaux menes dans ce domaine recouvrent quatre secteurs 
qui sont : les detecteurs solides de traces, les compteurs propor
tionnels equivalents tis sus, les compteurs a helium 3, et les 
procedures d'etalonnage ; 

Les recherches en dosimetrie a l'etat solide sont orientees 
vers la realisation d'un dosimetre multi-elements (DINEM) suscep
tible de couvrir toute la gamme des energies de neutrons rencon
trees dans les installations nucleaires. Dans l'etat actuel 
d'avancement du projet ce dosimetre est constitue de deux elements 
(PGPDIN, CN 85). La figure l montre la reponse du DINEM comparee 
a celle de l'emulsion Kodak NTA. 

Deux compteurs proportionnel equivalents tissus de tailles 
differentes sont en cours de developpement. Le grand compteur 
(¢ 5 em, h 5 em), dont la reponse en energie est donnee a la 
figure 2, a ete realise pour un appareil de mesure des champs 
de neutrons ( CIRCEG) . La gamme de me sure prevue s I etend de 1 o-6 

a 10-1 Sv.h-1. Le petit compteur (¢ 1,5 em, h 5 em), encore a 
l'etude, doit equiper un dosimetre electronique de poche qui 
fournira simultanement les equivalents de dose gamma et neutron. 
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Les etudes portant sur les compteurs ·a helium 3 ont conduit 
a la realisation et a !'industrialisation d'un appareil portable 
( 2, 5 kg) pour la surveillance des zones de travail ( DINEUTRON). 
Cet appareil, dont le debit d'equivalent de dose s'etend de 
2 10- 1 JJSV.h-1 a 99 mSv.h-1, donne en outre la valeur moyenne 
du facteur de qualite des neutrons. La figure 3 donne la reponse 
en energie du DINEUTRON. 

Une nouvelle approche a ete definie pour les procedures 
d'etalonnage en neutrons, basee sur les spectres reels rencontres 
dans les installations nucleaires (reacteurs nucleaires, labora
toires plutonium, usines ... ). A cette fin un catalogue des 
spectres reels les plus frequents a ete etabli et des techniques 
sont mises au point pour reproduire en laboratoire certains de 
ces spectres qui serviront de reference pour les etalonnages. 
L'avantage de cette methode est de simplifier les procedures 
a mettre en OeUVre et d I etalonner leS appareilS danS leS COndi
tiOnS de leur utilisation. 

3.2. SURVEILLANCE DES AEROSOLS 

Depuis plusieurs annees a ete ressentie la necessite de 
lancer des etudes sur le comportement et la mesure des aerosols 
atmospheriques, notamment des actinides. Les objectifs qui ont 
ete retenus couvrent la realisation de moniteurs pour : 

- la surveillance individuelle, 

- la surveillance des postes de travail et de 1 'environnement, 
et la mise au point de techniques d'etalonnage de ces moniteurs. 

Les travaux sur le comportement des aerosols ont permis 
de concevoir des systemes de prelevement et de collection en 
vue de minimiser la perte des particules par effets mecaniques 
ou electriques. La figure 4 montre la structure optimale qui 
a ete calculee. Celle-ci a ete adaptee et ajustee pour chacun 
des appareillages realises : le moniteur individuel MONICA et 
les balises pour les installations et l'environnement (Balise Pu, 
PAUM et Balise Environnement) (voir tableau). 

Le bane !CARE permet, grace a une generation d'aerosols 
de granulometrie et d' acti vi te connues, en presence ou non de 
radon, d'etalonner les moniteurs d'aerosols radioactifs et de 
verifier, le cas echeant, l'efficacite des systemes de compensa
tion de la radioactivite naturelle. 

3.3. TABLEAUX DE CONTROLE DES RAYONNEMENTS 

Grace au developpement des microprocesseurs, des systemes 
d I acquisi ti0n et de trai tement deS donneeS Ont ete developpeS 
et assoc1es aux electroniques de mesure et aux dispositifs de 
signalisation (alarmes visuelles et senores) pour la surveillance 
continue des zones de travail dans les installations nucleaires. 
Le nombre important de voies de mesure a implanter dans les 
installations nucleaires du groupe CEA, plus de 3000 voies de 
mesure pour les annees 80, nous a conduit au lancement d'un 
programme de R & D, en etroi te cooperation avec des industriels 
du secteur. Ce programme porte sur les unites de traitement 
des donnees et de signalisation (SMOR) associees aux divers 
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moniteurs places dans les zones de travail et les calculateurs 
de gestion (CSMOR) assurant le stockage, !'exploitation et l'affi
chage des donnees. 

La figure 5 montre la structure generale 
quI i 1 a ete co nyu et ado pte pour les TCR des 
CEA. 

IV. CONCLUSIONS 

du systeme tel 
installations du 

Pour la plupart, ces travaux prioritaires doivent complete
ment aboutir en 1988 et d 'autres activites actuellement menees 
a l'IPSN prendront une plus grande importance dans un proche 
futur. Il s'agit, pour !'instrumentation de radioprohection, 
de la mise en application des nouvelles grandeurs operationnelles 
ICRU et des nouvelles valeurs du facteur de qualite des neutrons. 
I 1 en est de meme pour certains programmes lances a la suite 
de 1' accident de Tchernobyl qui concernent notamment un re'seau 
de surveillance de l'environnement pour le territoire national 
et la mise au point d'un systeme de dosimetrie individuelle 
a distance pour les interventions. 
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A PROGRAM TO MONITOR WORKER FACTORS AND EXTERNAL EXTREMITY AND 
WHOLE BODY OCCUPATIONAL RADIATION EXPOSURES IN A ACADEMIC SETTING 

Ralph A. Fobair 
Health Protection Office, University of Iowa, Iowa City, IA 52242 

INTRODUCTION 

Since 1982 a formal ALARA program has been in place at the 
University of Iowa. ALARA is the recognized acronym for "As Low 
As Reasonably Achievable." The University of Iowa is required, 
by its Radioactive Materials License, to conduct all activities 
involving licensed radioactive materials and radiation producing 
devices in a manner designed to maintain personnel exposure to 
radiation at ALARA levels. {1) The initial goal of this program 
was to reduce all whole body quarterly personnel exposures to 
less than 3.75mSv {375mrem). The primary means of evaluating the 
effectiveness of the ALARA program, up through early 1986 was the 
careful review of printed radiation dosimetry reports. To 
accomplish this more than 2500 personnel dosimetry records 
printed on approximately 100 pages were reviewed individually on 
a monthly basis. This di~ not allow for easy comparison of 
personnel radiation exposures from one individual to another. 

During the latter part of 1985 it was determined that a 
computerized system would be helpful in the management of the 
ALARA program, and aid in the distribution of personnel radiation 
monitoring devices. In order to be useful, a computer based data 
management system needs to meet several criteria: 
(i) Allow for identification of workers by job classification, 

and work location. 
(ii) Identification of all types and levels of radiation 

exposure. 
(iii) The ability to quickly contact a worker should the need 

arise. 
(iv) The use of a small personal computer that could keep track 

of one year of dosimetry data, (30,000 records and 
occuping 3.75 Mbytes of hard disk storage.) 

(v) Locating a datatbase management system that could handle 
30,000 records and run on an IBM-PC. 

The commercial badge vendor {2) was contacted, and it was 
determined that such accounts would have to be set up in series 
codes. Each series code would specify a unique department within 
the teaching hospital, or a unique research group in the medical 
school or bio-science area. The supplier indicated that 
dosimetery data would become available on 5.25 inch diskettes for 
use with the IBM PC-DOS type personal computers. Metafile (3) an 
integrated information management system was selected for use 
with the IBM PC-DOS series computers. 

(1) Iowa State Department of Health Radioactive Radioactive 
Materials License, (1986) 

(2) R.S. Landauer, Jr. & co., 2 Science Road, Glenwood, IL 60425 
, USA 
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Metafile is a free-form, relational database management system 
combined with text editing and a fourth generation programming 
language that allows for development of user-specified 
applications. The system requires 256k bytes of internal RAM 
when running under PC-DOS or MS-DOS version 2.1 or later; 2 disk 
drives, one of which may be a hard disk or a RAM disk device; a 
monochrome or color monitor, and a serial (asynchronous) RS-232C 
communications port. Initial development required 2 months for 
the program in distributing and accounting of personnel 
radiation-monitoring devices {PMDs). During this time each 
person wearing a PMD was assinged a series code. A series code is 
a three letter code for identifying the department and 
investigator. For example series code RRL, represents Radiation 
Research Laboratory. The first goal of the new system would be 
relating MBq of P-32 used per month vs. millirems per month 
exposure to the hands. 

meet 
(i) 

(ii) 

(iii) 

MATERIALS AND METHODS 

In order to be included in the study a investigator must 
three criteria: 

The wearing of a finger ring TLD {4) with the detector 
facing in towards the palm of the hand. Also each 
participant needed to wear a whole body dosimeter {5). 
Using P-32 on a regular basis, a minimum of 9.25 MBq (0.25 
mCi} used per calendar month. 
Within the laboratory there could be no other source of 
radiation, i.e. gamma-emitters or machine produced 
radiation. 

In the initial study 55 P-32 users were identified. Of the 
55 only 31 of the users ordered 9.25 MBq (0.25 mCi} or more per 
month. Only 15 investigators met the criteria for inclusion in 
the study. The study took place from March 1986, through May of 
1987. Each investigator was placed into one of four groups based 
on the amount of P-32 used per month. During the course of the 
study the correct use of the PMDs was verified by observation. 
The volume of data generated by this report is presented in table 
format. 

RESULTS 

The minimum measurable exposure was 100usv (10mrem) whole body, 
and 300usv {30mrem) for beta exposure to the ring TLD. The 
linearity of the system was found to be excellent. The 
correlation coefficient, r , between MBq P-32 used per month and 
exposure was 0.94. 

(3} Version 9.2 Metafile, Metafile Information Systems, Inc., 15 
East Second Street, Chatfield, MN 55923, USA 

(4} Model U3 dosimeter, R.S. Landauer, Jr. & Co .. , 2 Science 
Road, Glenwood, IL 60425, USA 

(5} Model G1 dosimeter, R.S. Landauer, Jr. & Co .• , 2 Science 
Road, Glenwood, IL 60425, USA 
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Table 1. Monthly exEosure to Eersonnel using: P-32 

Participant P-32 used Average exposure per month in usv 
Id Number per month Whole body Right Hand 

DeeE Shallow Shallow 
1. 0 to 37 MBq 6.7 + 26 * 33.3 + 62 * 160.0 + 155 * 

221.4 + -2. 0 to 37 MBq 185 300.0 + 180 285.7 + 280 
3. 0 to 37 MBq 14.3 + 36 35.7 + 50 321.4 + 272 
4. 37 to 148 MBq 33.3 + 51 33.3 + 51 460.0 + 318 
5. 37 to 148 MBq o.o + 0 66.7 + 72 500.0 + 290 
6. 37 to 148 MBq 0.0 + 0 6.7 + 26 613.3 + 245 
7. 37 to 148 MBq 13.3 + 35 140.0 + 99 673.3 + 284 
8. 148 to 370 MBq 21.4 + 43 85.7 + 66 792.9 + 144 
9. 148 to 370 MBq 26.7 + 59 80.0 + 86 840.0 + 235 
10. 148 to 370 MBq 415.4 + 99 515.4 + 31 1061.5 + 480 
11. 148 to 370 MBq 20.0 + 41 93.3 + 88 1113.3 + 479 
12. 148 to 370 MBq 14.3 + 38 42.9 + 54 1171.4 + 1382 
13. 148 to 370 MBq 0.0 + 0 20.0 + 41 1186.7 + 536 
14. 370 to 925 MBq 26.7 + 46 126.7 + 134 1520.0 + 1187 
15. 370 to 925 MBq 80.0 + 41 146.7 + 64 2026.7 + 406 

* One standard deviation. Minimum exposures were set equal 
to zero, therefore average whole body exposures less than 100 usv 
are minimal, and added as zero. The deep dose should be 
considered equivalent to the whole body dose. The deep dose is 
the dose equivalent from all radiation at a depth of 1.0 em (1000 
mgjcm sq.) in soft tissue. The effects of buildup and 
attenuation of radiation in the body are considered in accord 
with the International Commission on Radiation Units and 
Measurements Sp~cifications. The shallow dose should be 
considered as the dose to the skin of the whole body. The 
shallow dose is the dose equivalent from all radiations at 
approximately 0.007 em (7 mgjcm sq.) in soft tissue. The shallow 
dose equivalent takes into consideration scattered radiation 
within body. 

SUMMARY 

Several factors must be taken into account before drawing 
any conclusions from this data. The field gradient from a pure 
beta source is more dependent on distance, than the shape or 
size. (Th87) Th~ data indicates that special attention should be 
given to situations where the chance of beta exposure exist, 
because significant exposure to the hands may occur. The use of 
a computerized isotope inventory system along with the ability to 
effectivley identify, as well as corelate dosimetry, has the 
potential to reduce unwarranted exposure to the hand and 
other extremities. This program has the potential to be applied 
to other isotope manipulations. 

REFERENCES 

Th87 Thind K. s., 1987 "Extremity Dose: Its Definition, Standards 
and Regulatory Limits, Radiobiological Significance, Measurement 
and Practical Considerations" Health Phys. 52, 695-705. 
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U.S. DEPARTMENT OF ENERGY'S RADIOLOGICAL CALIBRATION 
INTERCOMPARISON PROGRAM 

F. M. Cummings 
G. W. R. Endres 

Pacific Northwest Laboratory 
Richland, Washington U.S.A. 

The United States Department of Energy's (DOE) Radiological 
Calibration Intercomparison Program is funded by the DOE Office 
of Nuclear Safety and carried out at the Pacific Northwest 
Laboratory (PNL) by Battelle. The program operates in the 
following manner: An invitation is sent annually to DOE personnel 
responsible for managing or performing radiological calibrations. 
Prospective participants return a form requesting either the 
instrument set or the secondary standard beta source set. The 
requested set is scheduled for use based on availability. Prior 
to sendin~ the instrument set, the instruments are calibrated 
using a 13 Cs source. The beta sources are calibrated annually. 
When the results of the irradiations are returned to PNL, they 
are compared to PNL calibration values, summarized, and reported 
to the participant. At year end, results are summarized in an 
annual report to DOE. Participation in the program is voluntary, 
and the results are confidential and included in the annual report 
with the permission of each participant. 

The instrument set contains three ionization chambers and a 
Geiger-Mueller counter (GM) as the detectors, a dosimetry-grade 
electrometer, a scaler/ratemeter, a battery-pack high-voltage 
power source, and the cabling necessary to perform the measure
ments. A 30-cc thin-walled air-equivalent plastic ionization 
chamber is used for measurements in photon fields. The response 
of the chamber for measuring air kerma is nearly independent of 
the energy of incident photons for energies between 20 keY and a 
few MeV. A build-up cap is provided to extend the useful energy 
range above 200 keY. 

An 80-cc tissue equivalent (A-150) plastic ionization chamber 
(TE chamber) is used in conjunction with the GM counter for 
measurements of neutron kerma rate in mixed neutron and gamma 
fields. For convenience, the chamber is usually operated with 
ambient air as the fill gas instead of tissue equivalent counting 
gas. 

The GM counter consists of a 0.48-cm-diameter tube with an 
active volume of 0.12 cc. The fill gas is neon, quenched with a 
halogen quenching agent. The detector is enclosed i~ an energy
flattening shield to eliminate the normal low-energy photon 
response characteristic. 

The extrapolation ionization chamber is a 2-cm-diameter 
parallel plate ionization chamber with a continuously variable 
volume between 0.1 and 1.4 cc. The entrance window has a density 
thickness of 6.9 mg/cm2 • The collecting electrode and guard 
ring are constructed of A-150 tissue equivalent plastic and the 
chamber is open to ambient air. 
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guard ring are constructed of A-150 tissue equivalent plastic 
and the chamber is open to ambient air. 

The electrometer is a multifunction meter capable of 
measuring integral charge between 10-8 to 10-14 coulombs. The 
scaler/ratemeter used with the GM counter has a built-in high
voltage power supply and a seven-digit display. The 
electrometer and scaler/ratemeter both operate on 110 VAC or 
internally contained battery supplies. 

The secondary standard beta source set contains three beta
emitting sources, including 74-mg 911 Sr, 18.5-MBq 284 Tl, and 
518-MBq 147 Pm. For irradiations, a source is removed from the 
storage jig using the source handling tool and secured in the 
irradiation jig. The shutter on the jig is controlled using a 
microprocessor-based controller/timer. Also included in the set 
are beam-flattening filters, reference distance rods, the jig 
stand, and a set of operating procedures. 

The calculations used to determine the reference quantities 
(absorbed dose rate, tissue kerma rate, or air kerma rate) are 
described below. For photon irradiations, the average inte
grated current is multiplied by the air density correction 
(Ctp), the electrometer calibration factor (Ce), and the chamber 
calibration factor (Cg). The calibration factor converts 
collected current to air kerma rate. 

The calculations of dose rate from the extrapolation 
chamber measurements follow the method in the ISO Beta Standard. 
The average slope of current versus plate separation is multi
plied by the air-to-tissue stopping power ratio, theW value of 
air, and divided by the electrode area and air density to yield 
a value of absorbed dose rate at 7 mg/cm 2 • The air density 
corrections pertaining to the chamber interior and the electrom
eter calibration factor are applied to individual collected 
currents prior to the least-squares fit of data, giving the 
desired slope mentioned above. 

The neutron tissue kerma rate is determined by first 
determining an equivalent "air kerma rate" using the TE ion 
chamber and the GM counter and the procedures enumerated for 
photon irradiations above (substituting counts from the GM for 
corrected charge). The neutron air kerma rate is the difference 
of the quantities determined by the TE ion chamber, which 
measures total kerma rate, and the GM counter, which is used to 
determine photon kerma rate. The neutron air kerma rate is 
converted to neutron dose rate in tissue following the method of 
AAPM Report 7 and ICRU 30. The conversion factor contains the 
ratios of wall-to-gas stopping powers for neutrons and the 
calibration source, the ratio of W values of neutrons and the 
calibration source, the ratio of A-150-to-tissue kerma factors 
for neutrons and the calibration source, the attenuation and 
scatter factor, and the air-to-tissue kerma factor conversion. 

The absorbed dose rates from the secondary standard beta 
sources are calculated following the method of Bohm. The dose 
rate at a specific date of calibration is corrected for 
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radioactive decay and air absorption. The dose rate from the 
147 Pm source is further corrected for humidity effects. 

The results of measurements are divided by reference 
results determined at PNL to yield ratios of intercomparison. 
During fiscal year 1986, seventeen measurements were performed 
on a variety of isotopic photon sources (137 Cs, 611 Co, and 
226 Ra). Seven of those measurements utilized the photon 
transfer chamber. The average of ratios between field measure
ments and PNL reference values was 1.23 z 0.26 for the seven 
measurements. During fiscal year 1987, twenty measurements were 
performed on 137 Cs and 6"Co sources using the photon transfer 
chamber; the average of the ratios was 1.01 z 0.04. 

During fiscal year 1986, one measurement was performed on a 
239 PuBe neutron source. The ratio of the measurement to 
reference was 4.55. Six measurements were performed on PuBe 
sources; the average of the ratios was 1.8 z 0.9. Problems with 
measurements of neutron sources stem from low kerma rates and 
irradiation geometries (e.g., increased neutron scatter in 
neutron wells). 

No measurements have been performed on x-ray or beta 
sources belonging to individual participants using the intercom
parison instrument set. 

During fiscal year 1986, results were reported from two 
irradiations by participants using the intercomparison secondary 
standard beta set. The average of ratios for the 90 Sr source 
was 1.02 z 0.05. Only one set of measurements yielded useful 
ratios for the 204 Tl and 147 Pm sources and those ratios were 
1.11 and 0.63, respectively. During fiscal year 1987, three 
measurements were performed using the beta set. The ratios from 
the set of available data were 0.98 for 90 Sr, 1.00 for 2"4Tl, 
and 1.09 for 147 Pm. 

In conclusion, the accuracy and precision of intercom
parison results has improved since fiscal year 1986. The most 
important benefit of the program continues to be the dissemina
tion of radiological calibration information through the 
operation of the intercomparison program and the biannual 
radiological calibration workshop. 
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ALARA PRACTICES DURING NEUTRON SPECTRAL MEASUREMENTS 
INSIDE REACTOR CONTAINMENT 

K. L. Soldat and G. W. R. Endres 
Battelle, Pacific Northwest Laboratorie~ 

Richland, Washington USA 

The accurate assessment of radiation dose to personnel who 
enter reactor containment is a difficult problem compounded by 
the presence of mixed radiation fields of betas, neutrons, and 
high- and low-energy photons. Many present dosimeters do not 
adequately assess the true dose from neutrons, betas, or high
energy photons. In 1980, the National Council on Radiation Pro
tection and Measurements (NCRP) announced that it is considering 
lowering the maximum permissible dose for neutrons, perhaps by a 
factor of 3 to 10 less than existing limits. These changes could 
have serious consequences for the operation of present commercial 
nuclear power plants and the design of new plants. Present per
sonnel dosimeters will not be adequate if these proposed changes 
are adopted; in fact, many dosimeters are not sufficiently accurate 
to be adequate with existing limits. 

Knowledge of the neutron radiation fields inside light water 
reactor (LWR) power plants is required for adequate interpreta
tion of neutron monitoring instruments and personnel dosimetry. 
The needed information includes: neutron dose rates, neutron 
dose equivalent rates, and the spectra of neutron energies present. 
The measurements to acquire this information should be conducted 
inside reactor containment during power. These measurements 
will supply data needed to accurately assess personnel neutron 
dose and to determine the adequacy of the bioshield design. 

Battelle Northwest Laboratories (BNW) has conducted neutron 
dose and energy spectral measurements inside reactor containment 
at many LWRs over the past five years. Preliminary studies have 
shown a degraded neutron spectrum inside reactor containment at 
LWRs with few neutrons with energies greater than 1 MeV. Neutron 
dose rates were found to vary significantly from location to 
location inside containment. Measurements have indicated that 
present neutron monitoring instruments may respond from 50 percent 
to 600 percent high, depending on the instrument and location 
inside reactor containment. Personnel neutron dosimeters have 
responded high by up to factors of 25 depending on the dosimeter 
type and the calibration method. Although measured spectra at 
the different locations are 
somewhat similar, differences related to shielding design rather 
than reactor and pressure-vessel design are apparent. The BNW 
staff have primarily used the following neutron measurement sys
tems: 1) the multisphere spectrometer system, 2) the 3 He spect
rometer system and 3) the Tissue Equivalent Proportional Counter 
(TEPC). 

* Pacific Northwest Laboratory (PNL), also known as Battelle 
Northwest (BNW), is owned by Battelle Memorial Institute and 
operated for the Department of Energy. 
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The multisphere spectrometer system is a commercially 
available system for measuring a wide range of neutron energies 
from thermal (0.025 eV) to 20 MeV. The spectrometer consists of 
a 6 Lii scintillator detector and a set of polyethylene spheres 
of different diameters. The 6 Li scintillator is inserted into a 
hole drilled into each sphere and is used to measure the slow 
neutron flux at the center of each sphere. The scintillator 
detector is connected to a multichannel analyzer (MCA), which is 
used to determine the count rate from neutron-induced events. 
Measurements are made with the bare scintillator, the detector 
covered with cadmium, and the detector at the center of 3-inch 
to 12-inch-diameter spheres. The count rate from each con
figuration is used as input to a computer code which determines 
the neutron fluence as a function of energy and the neutron dose 
equivalent. 

The 3He spectrometer consists of a 3 He proportional counter 
and associated electronics. Neutrons interact with the 3 He to 
produce a proton and a triton. If the reaction products are 
absorbed in the gas of the proportional counter, the resultant 
pulse is proportional to the original neutron energy plus 
764 keV. A simple computer code corrects for the energy 
dependence of the 3 He detector and calculates the relative flux. 
The 3 He neutron spectrometer has much better resolution and 
accuracy than the multisphere spectrometer in the higher neutron 
energy regions above 20 keV, where neutrons are more effective 
in producing dose. However, the He-3 is only used at neutron 
energies below 5 MeV due to the limitations in the present 
analysis method. 

The TEPC is a hollow sphere of tissue-equivalent plastic 
with the 3.2 mm-thick walls filled with tissue-equivalent gas. 
Details of plastic and gas composition and methods of construc
tion can be found in Report 26 of the International Commission 
on Radiation Units and Measurements (ICRU 1977) [1]. This form 
of TEPC, called a Rossi counter, has a helical grid around the 
central anode wire. The helical grid establishes uniform 
electric field strength along the entire length of the anode. 
This produces the needed uniformity in gas amplification at all 
points along the anode for proper pulse-height analysis. The 
plastic sphere is contained inside a metal pressure vessel with 
a valve for admitting tissue-equivalent gas. The gas pressure 
is maintained at a pressure so that charged particles crossing 
the cavity lose only a small amount of energy as they traverse 
the counter. Energy deposited in the cavity is then equal to 
the linear energy transfer (LET) of the particle times the path 
length. At these low pressures, the gas-filled cavity has the 
same mass-stopping power as a sphere of tissue (p = 1 gm/cm3 ) 

with a diameter of about 1 ~m and is said to have an "equivalent 
diameter" of 1 ~m. The TEPC is a device which measures neutron 
absorbed dose directly and is now under development by the 
United States Department of Energy (DOE) as a next-generation 
neutron monitoring instrument. It is anticipated that within 
the next 2-3 years, it will replace the instruments now in use. 
The TEPC can also be used directly to determine quality factors. 
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The above detectors are used with a multichannel analyzer 
and supporting electronics (e.g., high-voltage power supplier, 
linear amplifier, portable computer, etc.). Including the 
detectors and auxiliary equipment, up to 500 pounds of detection 
systems are taken into containment during the measurements. 
Because of the high temperature and humidity in reactor contain
ment and the high radiation areas in some locations, it is 
necessary to limit the time of the personnel in containment to a 
minimum. The BNW staff follow ALARA principles to minimize the 
non-radiological hazards as well as the radiological hazards 
while performing neutron measurement inside reactor containment 
during power. 

Probably the most important method of observing ALARA during 
these measurement conditions is planning. Prior to the measure
ments a planning meeting is held with the staff at the reactor 
site and the measurement procedure is thoroughly reviewed. 
Topics at this meeting include: 1) identification of detector 
and MCA setup locations, 2) personnel responsibilities and task 
assignments, 3) dressing procedures, 4) emergency escape hatch 
locations, 5) emergency signals and appropriate responses, 5) 
identification of dose levels in the radiation zones to be 
entered, and 6) any special radiation work procedures. 

Each neutron detection system is thoroughly checked over at 
BNW before shipping offsite to the power plant. This reduces 
the time spent trouble-shooting the equipment in containment. 
All cables are sheathed in plastic at BNW prior to shipping. 
The equipment is wrapped in plastic at the plant. This, of 
course, reduced the chance of contamination to the instruments 
inside containment. 

It is beneficial to select measurement locations inside 
containment that have high neutron dose rates because sufficient 
data can be collected in shorter periods of time. Thus, we have 
developed methods to limit the amount of time the equipment 
operator actually needs to spend in these higher-dose areas. 
With the use of 50-ft to 100-ft signal and pre-amp power cables, 
the neutron detector/counter can be placed at the measurement 
location and the associated electronics can be separated at a 
significant distance. The equipment operator needs to spend 
just a few seconds at the high-dose area setting up or removing 
the detector. The remainder of the time, the operator can be at 
the controls for the detector, located in a lower-dose rate 
area. If the collection time is long enough and/or the dose 
rates high enough, the operator can keep the instruments running 
and leave containment to further reduce his exposure. 
Generally, each system requires just one person to operate. 
However, the buddy system is always employed so that the people 
are always in sight of each other and easily accessible. Two 
people are used to set up and remove the equipment. Carts on 
wheels are used to move the system faster and more safely. 

Because of the high temperature and humidity in reactor 
containment, precautions are also taken to reduce the effects of 
heat stress to the personnel. Ice vests are worn to allow 
operators to work more comfortably and efficiently. Stress 
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monitors are used to determine the maximum stay time for an 
individual in a certain area or in containment in general. The 
analyzer is usually set up near a blower since this is normally 
a low-dose area. It also cools the equipment and the operator 
of the equipment is more comfortable. 

The BNW staff have conducted many measurements inside 
reactor containment that have had temperatures in excess of 
120°F and greater than 90% relative humidity. Yet the staff 
have been able to stay in containment long enough to conduct the 
measurements in all the desired locations (generally 8 to 12 
locations are measured). To date, no one has been incapacitated 
due to heat stress. Although some of the dose rates measured 
were as high as several hundred R/h no one has exceeded 1500 
mrem exposure for a complete set of measurements. The average 
is typically 200-800 mrem per person for four people, or about 
2 man rem per set of measurements. No one has exceeded an 
internal administrative limit of 2800 mrem annually. 

REFERENCE 

[1] International Commission on Radiation Units and Measurements 
(ICRU). 1977. Neutron Dosimetry for Biology and Medicine. 
ICRU Report 26, International Commission on Radiation Units 
and Measurements, Washington, D.C. 
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EVALUATION OF THE INSTRUMENT CORRECTION 
FACTORS NEEDED IN BETA DOSIMETRY 

K. L. Swinth, D. R. Sisk, and J. M. Selby 
Pacific Northwest Laboratory 
Richland, Washington U.S.A 

E. J. Vallario 
U.S. Department of Energy 

Washington, DC U.S.A 

INTRODUCTION 

A wide variety of portable survey instruments using Geiger
Mueller (GM) detectors, ionization chambers, or scintillation 
detectors exists for the measurement of gamma dose rates. 
Generally, the same instruments are used for beta monitoring, but 
the beta response of these instruments has been secondary to 
their development, calibration, and use; information on the beta 
response is difficult to obtain and seldom provided by the 
manufacturer. 

Survey meters are calibrated using fields that uniformly 
irradiate the detector volume with the center of the volume used 
as a reference point. However, under field survey conditions, 
frequently encountered sources have irregular shapes and large or 
small dimensions compared to detector volume. When the distance 
from the source to the detector volume is small, the radiation 
fields in the detector are non-uniform. Similarly, low-energy 
beta sources cause non-uniform irradiation of the volume because 
of attenuation of the radiation. The readings from such fields 
are an average of the energy deposition within the detector. 
This reading would be significantly less than the actual dose 
existing at the surface of the entrance window, which is an 
appropriate reference point when working close to the source. To 
compensate for this discrepancy, correction factors are applied 
to the readings to give the actual dose. These factors can be in 
excess of a factor of 100. This paper summarizes observations on 
energy, angular, and source-geometry response of survey 
instruments. 

INSTRUMENT ANGULAR RESPONSE 

The variation in response of portable survey instruments 
with changes in angular incidence of the radiation is more pro
nounced for beta radiations than for photon radiations because of 
attenuation of the betas in the side walls and construction 
materials of the instruments. Figure 1 shows the angular 
response of four instruments exposed to a 90 sr-90 Y beta source 
conforming to International Organization for Standardization 
(ISO) Standard 6980-1984 Series 1 criteria [1]. The instruments 
were rotated around a vertical axis intercepting the reference 
point (center of the sensitive volume) with the reference 
orientation (0°) being defined when the source-to-detector axis 
was perpendicular to the front window. Instrument A (cylindrical 
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ionization chamber) has a thin entrance window, but its metal 
case causes a pronounced angular dependence. Instrument B has 
the same configuration with a shallow cylindrical chamber. The 
decrease in depth (l em versus 4.8 em) results in a flat 
response, out to 45°. Instruments C and Dare ion chamber 
instruments that have Styrofoam end and side walls resulting in a 
nearly flat response. Tests on five additional instruments 
produced a response at 45°, which was 33% to 70% of that at 0° 
[2]. At 90°, the response was 1% to 12% of the reference 
response. 

180° 

FIGURE 1. Angular Response of Four Instruments to a 90 sr- 9 0y 
Beta Source. The Scale is Relative. 

ENERGY RESPONSE 

Attenuation of betas within the volume of the detector and 
in the window will lead to an energy-dependent response of the 
detector [2]. The flattest energy response was obtained with 
instruments designed for beta measurements. One was an ion 
chamber modified to decrease the depth of its sensitive volume to 
approximately 1 em, whereas the second was a dual ion chamber 
system with a "thin" chamber for measurement of the beta dose 
rate. These same instruments have a flat response to low-energy 
photons with an overresponse of about 10% around 200 keV. 

SOURCE GEOMETRY RESPONSE 

A technique was developed by PNL to determine source 
geometry response of instruments by measuring the response to a 
matrix of point sources at 0.5-cm increments [3]. Source 
geometries of interest are created from the matrix by selecting 
and normalizing the response for an appropriate collection of 
points. The measured data is used to calculate correction 
factors (ratio of actual dose rate at the surface of detector to 
response of the instrument) for the selected geometries. These 
factors are applied as a multiplicative correction to instrument 
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readings to determine actual dose rates at the detector window. 
The actual dose rate was based on measurements using calibrated 
thermoluminescent dosimeters (TLDs) . 

The correction factors obtained for various distances and 
dimensions for disk sources are shown in Tables 1 and 2 for three 
instruments. Instruments A and C are commercial ion chamber 
survey instruments, and D is a prototype ion chamber of 1-cm 
depth and 6.0-cm diameter. In addition to the noticeable differ
ences among the instruments, variations are also evident among 
the correction factors for the 9°sr-90y and 20~Tl sources. 
Studies also showed that the correction factors will vary with 
the materials in the vicinity of the source because of 
backscatter. Changing the source stage from Styrofoam to lead 
changed the correction factor from 4.7 to 6.3 for zo~Tl with 
instrument B. Scans were also performed with 57co and 137cs 
sources and resulted in similar correction factors. 

TABLE 1. Measured Correction Factors for 90Sr Disk Sources 

Source 0.5 em 1 .0 em 2.0 em 5.0 em 
Diameter, Instrument Instrument Instrument Instrument 

em A c o A c o A _L_ o A _L_ o 
0.3 38.3 21.0 9.3 13.9 7.2 3.5 5.7 2.9 1.5 2.5 1.1 0.79 
5.0 6.2 3.0 1.4 5.9 2.5 1 .3 4.0 2.0 1 .1 2.3 1.1 0.77 

10.0 3.6 1.9 1 .1 3.6 1.8 1.0 3.0 1.6 0.9 2.1 1 .1 0.75 
15.0 2.8 2.0 1.3 2.7 1.9 1.1 2.3 1.6 0.96 1.9 1 . 1 0.77 
21.0 2.2 2.1 1.4 2.2 2.0 1.2 1.9 1.8 1.1 1. 6 1 .1 0.82 
27.0 2.0 2.2 1.5 2.0 2.2 1.3 1.7 1.9 1 .2 1.5 1.2 0.89 

TABLE 2. Measured Correction Factors for 204Tl Disk Sources 

Source 0.5 em 1.0 em 2.0 em 5.0 em 
Diameter, Instrument Instrument Instrument Instrument 

em A c o A c o A c o A c o 
0.3 79 39 17 30 15 6.7 11 5.5 2.8 5.6 2.5 1.6 
5.0 12.5 5.4 2.5 11 .9 5.1 2.5 8.4 3.6 2.0 5.2 2.3 1.6 

10.0 8.6 3.6 2.1 8.6 3.6 2.0 6.7 3.0 1.8 4.5 2.1 1.6 
15.0 7,2 4.2 2.4 6.9 4.3 2.3 5.5 3.4 2.0 3.8 2.0 1 .6 
21.0 4.8 2.7 5.0 2.6 4.6 4.1 2.3 3.2 2.0 1.8 
27.0 5.2 2.9 5.6 2.9 4.2 4.7 2.6 2.8 2.2 2.1 

Measurements were made with large area sources (15 em x 
15 em) of uniformly distributed activity to compare with study 
results. These sources were composed of insoluble metallic salts 
of the isotopes spread over a thin epoxy matrix. The active 
medium was backed with stainless steel and covered with 
9.5 mg/cm2 Kapton. For instrument A, the correction factor at 
1 em for 90sr- 90 y determined by the measurement system was 2.6, 
compared to 2.7 from the slab source when based on an 
extrapolation chamber calibration and 1.8 when based on a TLD 
calibration. For instrument C, the respective numbers were 2.1, 
2.9, and 2.0. 
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CONCLUSIONS 

Most currently available commercial instrumentation does not 
have the beta measurement characteristics desirable in terms of 
energy, angular, and source-geometry response. The response of 
instruments with thinner windows and thinner sensitive volumes 
represent significant improvements. When beta fields are a 
problem, instruments that incorporate such features should be 
considered. Hopefully, current instruments will be modified to 
improve the beta response using data developed from this study 
and similar studies [4]. 
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HIGH SENSITIVE BETA- AND GAMMA-RAY SPECTROSCOPY 
AND ITS IMPLICATION ON RADIATION PROTECTION 

Gerd Heusser, 
Max-Planck-Institut fur Kernphysik 
POB 103 980 D-6900 Heidelberg, FRG 

ABSTRACT 

The application of extreme low level detection methods in radiation protection 
helps not only to reduce counting times but offers also a large variety of 
investigations which otherwise would not be possible. 

In the course of feasibility studies for double beta decay- and solar neutrino 
experiments the background of Germanium-, Nai(Tl)- detectors, and proportional 
counters has been systematically studied. It can be characterized by the 
following components: 
A - incompletely shielded external gamma rays 
B - intrinsic contamination of detector and shield materials 
C - Radon in cavities of the shield and surface deposited Radon daughters 
D - muonic events not vetoed by the anticoincidence system 
E - cosmic ray-induced radiation (also activation) in detector and shield. 

For Germanium detectors and proportional counters the internal contamination 
could be reduced to such an extent that component D and E became dominant. 
Since no anticoincidence system is able to completely suppress this two 
components, the full potential of such detectors can only be exploited by 
placing them deeply underground. 

Measurements with a Germanium spectrometer in a deep salt mine yielded 
sensitivities of a few ~Bq/kg for larger samples (up to 10 kg). Miniature 
proportional counters operated in the Gran Sasso Underground Laboratory are 
able to detect gaseous activities of less than I decay per day. 

The advantages of extreme low level counting in health physics are demonstrated 
by some examples of environmental-, incorporation- and accidental neutron dose 
monitoring. 
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A CLASSIFICATION SYSTEM FOR CONTAMINATION LIMITS CONSIDERING 
THE RADIOLOGICAL RELEVANCY FOR ALL RADIOACTIVE NUCLIDES 

D. E. Becker, T. M. Ibach, J. R. Unseld 
Technical Inspection Agency of Bavaria, Munich, FRG 

INTRODUCTION 

It is a common practice to examine persons and materials 
with regard to radioactive contamination when they leave 
restricted access areas. 

starting from a surface contamination limit of 0.037 Bqjcm2 for 
persons leaving the restricted access area we have analysed the 
radiation exposure that may result. 

In this connection the following categories of persons are 
being considered: 

occupationally exposed persons themselves 

persons in the non-monitored areas of the age groups of 
1 year 
10 years 
adults 

PATHWAYS LEADING TO EXPOSURE 

The starting point for the radioactive nuclides are occupa
tionally exposed persons, who leave their place of work daily, 
carrying a 2 maximum permissible surface contamination of 
0.037 Bqjcm • For all nuclides this is taken as a basis for 
calculating the radiation exposure, i.e. we do not differen
tiate between alpha emitters, beta emitters and gamma emitters. 

According to our experience the following pathways have to 
be taken into account, which lead to exposure of 

occupationally exposed persons: external exposure of their 
own skin 

occupationally exposed persons: external exposure of their 
whole body 

occupationally exposed persons: internal exposure through 
inhalation 

other persons: external exposure to the radiation of a 
contaminated occupationally-exposed person 

other persons: internal exposure through ingestion 
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other persons: internal exposure through inhalation 

other persons: internal exposure via water-soil-plant 

The ISH reports Nr. 63, 78, 80 (Ll, L2, L3) give dose 
factors for about 800 nuclides. Nuclides with a half life 
smaller than 1 hour were omitted. 611 nuclides remained. When 
calculating the pathway of ingestion we applied the dose 
factors of the largest resorption. 

The radiation exposures calculated for the different 
pathways were compared with the dose limitations given in the 
German Radiological Protection Ordinance (L4), where the 
following limits apply: 

50/150/300/600 msv for category A occupationally exposed 
persons and different parts of the body, 

1.5 msv for other persons outside monitored plant 
areas according to section 44 (1) of the 
above Ordinance 

SUMMARY 

In the vast majority of cases (497 nuclides), exposition 
through "ingestion by the age group of 1-year-olds" proves to 
be the leading pathway. 

27 nuclides furnish the highest dose values by exposure 
through "ingestion via water-soil-plant". 

In the case of 65 nuclides the pathway of "external 
irradiation of the skin" of the occupationally exposed person 
is predominant. 

When calculating the ingestion we used the dose factors 
for the effective dose; the respective dose factors for parts 
of the body are often ten times higher. With I-129, for 
example, the dose factor for the thyroid gland is 30 times as 
high as the one for the effective dose. 

As a result of our research the 589 nuclides we 
investigated into (another 22 isotopes of the inert gases Ar, 
Kr, Xe, Rn are irrelevant for our consideration) can be divided 
into categories according to their possible radiation exposure; 
in doing so, we always refer to the most disadvantageous 
pathway of exposure for each nuclide in relation to its dose 
limit. Category I means that the figures reach between 10 % and 
100 % of the dose limit. In category II they attain between 1% 
and 10 %, in cat. III between 0.1 % and 1 %, cat. IV between 
0.1 % and 0.01 % and in cat. V they reach less than 0.01 % of 
the dose limit. Only em 250 (spontaneous fission) could exceed 
the dose limits. 

In the following table the nuclides are listed according to 
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their radiological relevancy in 5 categories as mentioned 
above. 

Category I 10 % - 100 % : 

Po 210, Pb 210, Ra 226, Ac 227, Ra 228, Th 229, Pa 231, Np 237, 
Am 241, Am 243, em 245, em 246, Bk 247, em 248, Cf 249, Cf 251, 
ef 254, Am 242 m 

Category II 1 % - 10 % 

Cl 36, Fe 60, Sr 90, Nb 95, Tc 98, Cd 113, In 115, I 129, 
Sm 146, Sm 147, Gd 148, Hg 194, Ra 223, Ra 224, Ac 225, Ra 225, 
Th 228, Th 230, u 230, Th 232, u 232, u 233, u 234, u 235, 
Pu 236, Np 236, u 236, u 238, Pu 238, Pu 239, Pu 240, Pu 242, 
em 243, Pu 244, em 244, em 247, Cf 248, Cf 250, Cf 252, Es 254, 
Fm 257, Cd 113m, Ir 192m, Bi 210m 

Category III 0.1 % - 1 % 

c 14, Na 22, Na 24, Al 26, p 32, K 40, Ti 44, Co 56, 
Mn 56, Fe 59, Co 60, Ni 65, Zn 65, Ni 66, Se 75, Se 79, 
Sr 82, Rb 83, Rb 84, Rb 86, Zr 89, Sr 89, y 90, y 91, 
Sr 91, y 92, Sr 92, y 93, Zr 95, Zr 97, Me 99, Tc 99, 
Rh 101, Rh 102, Ru 105, Rh 105, Ru 106, Cd 109, Ag 111, Sn 123, 
Sb 124, I 124, I 125, Sn 125, Sn 126, Sb 126, I 126, Te 127, 
Sb 127, Ba 128, Sb 129, Te 129, I 130, I 131, Te 132, I 132, 
I 133, Ce 134, es 134, I 135, Cs 136, Cs 137, Ba 139, La 140, 
Ba 140, Ce 141, La 141, La 142, Ce 143, Ce 144, Pr 145, Nd 147, 
Pm 148, Pm 149, Pm 151, Gd 152, Eu 154, Eu 156, w 188, Os 194, 
Pb 202, At 211, Pb 212, Ac 226, Th 227, Th 234, Np 238, Np 239, 
em 240, Pu 241, Am 242, em 242, Cf 246, Pu 246, Fm 252, Es 253, 
Fm 255, 
Sc 44m, Rh 106m, In 114m, ed 115m, Te 125m, Te 127m, Te 129m, 
Te 131m, es 134m, Pa 148m, Eu 152m, Lu 177m, Hf 178m, Ir 194m, 
Es 254m, 

Category IV 0.01 % - 0.1 % 

Be 10, Mg 28, Si 32, p 33, Ca 41, K 42, K 43, Sc 44, 
Ca 45, Sc 46, Sc 47, Ca 47, Sc 48, v 48, Fe 52, Mn 52, 
Mn 54, Co 55, Ni 56, Ni 57, Co 57, Co 58, Zn 62, Ga 66, 
Cu 67, Ge 68, As 71, Zn 72, Ga 72, As 72, Ga 73, Se 73, 
As 74, As 76, Br 76, As 77, Br 82, sr 83, Sr 85, Zr 86, 
y 86, y 87, Rb 87, Zr 88, y 88, Nb 89, Me 90, Nb 90, 
Me 93, Nb 94, Nb 96, Tc 96, Tc 97, Rh 99, Pd 100, Rh 100, 
Ru 103, Pd 103, Ag 105, Pd 107, Pd 109, Sn 110, In 110, In 111, 
Ag 112, Sn 113, Cd 115, Cd 117, Sb 119, Sb 1201 Te 121, Sn 121, 
Sb 122, Te 123, Sb 125, Ba 126, Ba 131, Cs 132, La 132, Ba 133, 
es 135, Ce 135, Nd 138, La 138, ee 139, Pr 142, Pr 143, Pm 144, 
sm 145, Eu 145, Gd 146, Eu 146, Pm 146, Gd 147, Pm 147, Eu 147, 
Eu 148, Tb 149, Gd 149, Eu 155s,Eu 150, Pm 150, Tb 150, Tb 151, 
Eu 152, Sm 153, Tb 153, Gd 153, Tb 154, Eu 155, Tb 156, Sm 156, 
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Eu 157, Tb 158, Gd 159, Tb 160, Tb 161, Dy 166, Yb 166, He 166, 
Tm 166, Tm 167, Er 169, Lu 169, Yb 169, Tm 170, Lu 170, Hf 170, 
Er 171, Lu 171, LU 172, Hf 172, Er 172, Tm 172, Lu 173, Tm 173, 
Lu 174, Hf 175, Yb 175, Lu 176, Ta 176, Lu 177, w 178, Lu 179, 
Ta 180, Hf 181, Re 181, Hf 182, Os 182, Re 182, Ta 182, Ta 183, 
Hf 184, Re 184, Ta 184, Ir 185, Os 185, w 185, Ir 186s, Ir 186, 
Re 186, w 187, Ir 188, Pt 188, Re 188, Ir 189, Pt 189, Re 189, 
Ir 190, Os 191, Pt 191, Ir 192, Os 193, Pt 193, Au 194, Ir 194, 
Au 195, Hg 197, Pt 197, Au 198, Au 199, Pb 200, Pt 200, T1 200, 
T1 202, Bi 203, Hg 203, Pb 203, T1 204, Bi 205, Pb 205, Bi 206, 
At 2071 Bi 207, Bi 2101 Bi 212 I Ac 224, Ac 228, Pa 228, Pa 230, 
Th 231, u 231, Pa 232, Pa 233, Np 234, Pa 234, Np 236, u 237, 
Am 239, u 240, Am 240, em 241, Am 244, Pu 245, Bk 245, Bk 246, 
Bk 249, Fm 253, Cf 253, Fm 254, 
Zn 69m, Tc 95m, Nb 95m, Tc 97m, Tc 99m, Rh 102m, Ag 106m, 
Ag 108m, Ag 110m, In 115m, Cd 117m, Sn 117m, Sb 118m, Sn 119m, 
sn 121m, Te 121m, Te 123m, Ba 133m, Ba 135m, Ce 137m, Nd 139m, 
He 166m, Lu 174m, Hf 179m, Re 184m, Re 186m, Pt 193m, Hg 193m, 
Pt 195m, Hg 197m, Au 198m, Au 200m 

Category V < 0,01 % 

H 3, Be 7, F 18, Si 31, s 35, Sc 43, Ti 45, Cr 48, 
v 49, Cr 51, Mn 53, Fe 55, Ni 59, Co 61, Cu 61, Ni 63, 
Cu 64, Ge 66, Ga 67, Ga 68, Ge 69, Ge 71, As 73, Br 75, 
Ge 75, Ge 77, Br 77, As 78, Ge 78, Sr 80, Rb 81, Br 83, 
Nb 89, Tc 93, Zr 93, Tc 94, Tc 95, Ru 97, Nb 97, Pd 101, 
Ag 103, Ag 104, Cd 107, In 109, In 110, Te 116, Sb 117, I 120, 
I 121, I 123, Sn 127, Cs 127, Sb 128, Cs 129, Cs 131, La 135, 
Ce 137, Pr 137, La 137, Pr 139, Nd 141, Sm 142, Pm 143, Pm 145, 
Tb 147, Nd 149, Eu 149, Sm 151, Gd 151, Tb 155, Dy 155, Tb 157, 
Dy 157, Dy 159, Er 161, He 161, Dy 165, Er 165, He 167, Tm 171, 
Ta 173, Hf 173, Ta 174, Ta 175, w 176, Yb 177, Ta 177, w 177, 
Yb 178, Ta 178, Ta 179, w 181, Os 181, Re 182, Hf 183, Ir 184, 
Pt 186, Ir 187, Re 187, Au 193, Hg 193, Ir 195, Hg 195, Tl 195, 
Tl 197, Pb 198, Tl 198, Pb 199, Tl 199, Tl 201, Bi 201, Pb 201, 
Bi 202, Po 205, Po 207, Pb 209, Pu 234, Np 235, Pu 237, Am 237, 
em 238, Am 238, Np 240, Pu 243, Am 245, Cm 249, Bk 250, Es 250, 
Es 251, Md 257 
Co 58m, Zn 71m, Br 80m, Rb 82m, Sr 85m, Sr 87m, y 90m, 
Nb 93m, Me 93m, Rh 99m, Rh 101m, In 113m, Sb 116m, In 117m, 
I 132m, Pr 138m, Tb 156ms,Tb 156m, He 162m, Lu 176m, Ta 180m, 
Hf 180m, Hf 182m, Os 189m, Ir 190ms,Ir 190m, Os 191m, Ir 195m, 
Hg 195m, Pt 197m, Tl 198m, Pb 202m 
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THE WORK OF A PROVINCIAL RADIATION CONTROL UNIT IN CANADA. 

L.D. Brown. 
Chief Health Physicist. 

Occupational health and Safety Branch. 
Saskatchewan Department of Human Resources, Labour and Employment. 

Background. 

The Statute of Westminister which established the Dominion of 
Canada, also identified the areas of responsibility of the federal and 
provincial governments. Public health and occupational health come in 
the latter category so that constitutionally the provinces are 
responsible for radiation safety. This responsibility is however no 
longer absolute, following the development of the atomic bomb a Federal 
Atomic Energy Control Act was passed and this gives the federal 
government control of developments relating to atomic weapons or nuclear 
energy. In practice this means that all uses of radioactive materials 
have to be licenced by the Atomic Energy Control Board (AECB) set up 
under the Act; and that the licence conditions are worded in a way which 
usually incorporates a considerable component of occupational health 
related requirements. Today regulatory responsibility is shared between 
the federal and provincial governments and to date there has been no 
supreme court decision which clearly identifies the limits of federal 
and provincial responsibilities. Nevertheless the courts have decided 
that even where there are valid federal controls, provinces may 
constitutionally impose more stringent (but not less stringent) controls 
enforceable within the territory of the province concerned. 

For many years after the Atomic Energy Control Act was passed there 
was little attempt on the part of either federal or provincial 
governments to control and inspect users of ionizing radiations, and no 
provincial government enacted specific radiation control legislation. 
The need for such legislation first became evident in connection with 
medical uses of radiation particularly diagnostic radioiology. In 
Saskatchewan an advisory committee was set up in 1959 under Dr Norman 
Williams to advise the Minister of Public Health on the need for 
regulations to control hazards arising from the use of ionizing 
radiations and on the methods which should be used to enforce such 
regulations. As a result of the report of this committee the first 
provincial Radiation Health and Safety Act was passed in 1962, and set 
an important precedent for public controls on the medical uses of 
ionizing radiations in Canada. The Act required the appointment of the 
first provincial radiation safety officer, empowered the introduction of 
radiation control regulations and established an ongoing Radiation 
Health and Safety Committee to advise the provincial government on all 
matters relating to radiation hazards and their control. Over the years 
this committee has done a great deal to shape the radiation safety 
policies adopted by the province. The provincial radiation safety unit 
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reports to the committee which is also responsible for periodically 
reviewing the regulations issued under the act and making 
recommendations for them to be updated. The Act itself requires all 
types of radiation emitting equipment to be registered with the 
provincial government in an analogous way to the federal requirement for 
the licencing of radioisotope users, sets formal requirements for 
regular maintenance of all medical radiation equipment and introduces 
formal training requirements for the operators of this equipment. It has 
been regularly updated since it was first brought in, the last major 
revision took place in 1985 and considerably expanded the provisions 
relating to uses of non-ionizing radiations. Regulations under the Act 
were first introduced in 1970, primarily to enact the radiation dose 
limits recommended by the ICRP. Subsequent regulations covered many 
other areas of concern and last year a comprehensive package of revised 
regulations, covering all aspects of the use of both ionizing and 
non-ionizing radiations, was released for public comment. 

Medical. 

The original responsibilities of the provincial radiation safety 
unit were primarily directed towards radiation safety inspections of 
hospital x-ray equipment, and this still remains one of its primary 
responsibilities as the exposure of patients during medical procedures 
continues to make by far the biggest contribution to population 
radiation exposure from man made sources. From the early 1950's onwards 
such inspections had gradually became general practice in most countries 
where diagnostic radiology was widely carried out, but initially the 
function of these inspections was very limited; primarily to look for 
radiation leakage through the tube housing, check collimation and 
filtration, and test the adequacy of shielding. Gradually however it 
became appreciated that protection of patients as well as operators was 
desirable, and that this involved such considerations as the elimination 
of unnecessary retake examinations. This has resulted in radiation 
safety inspections being extended to include checks on many other 
factors such as the resolution of the system, the speed of the 
film-screen combination and the optimisation of the processing. 
Eventually these developments led to recognition that the physicists 
employed as radiation health inspectors have to provide full medical 
physics support to all the hospitals which do not have a staff medical 
physicist on call. Today one of the principal duties of provincial 
radiation health officers is to help diagnostic radiology departments in 
small hospitals and clinics to develop mandatory in-house quality 
assurance manuals that clearly lay down not only the duties of the 
hospital but also their own role as visiting physicist. 

Uranium Mining. 

Saskatchewan is a major world producer of uranium from mines with 
uniquely high grade ores (some localised deposits consist of more than 
50% uranium and average ore concentrations of well over 10% are common). 
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Another major responsibility of the radiation safety unit is therefore 
to support provincial mines inspectors by visiting uranium mines to 
enforce both provincial regulations and good working practices. 
Saskatchewan is the only part of Canada where the internal dose 
equivalent received from radon daughters and the inhalation of 
radioactive dust has to be added to the external dose equivalent 
received from gamma radiation, and the sum has to be less than the 
permissible occupational dose limit. Provincial radiation health 
officers are involved in enforcing these dose limits, setting up agreed 
monitoring schedules for mines and mills, approving proposed work 
practices, establishing adequate worker training programs and carrying 
out on-site radiation safety inspections. 

Industrial and Educational. 

The unit is also involved to a lesser extent with many other 
industries which employ ionizing radiation techniques. Industrial 
radiography; density, level and flow gauging; neutron moisture content 
measurements; tracer studies; oilwell logging and laboratory analysis 
procedures are well known examples of these techniques. Some of them 
involve the use of radioisotopes and therefore require Atomic Energy 
Control Board licences and conformity with A.E.C.B. regulations, others 
are entirely a provincial responsibility. Staff attached to the 
radiation safety unit have the responsibility of providing an emergency 
response service following transport or other radiation emergencies and 
also participate in education and worker training programs, particularly 
those directed towards members of the occupational health committees 
which are mandatory under Provincial legislation in all large 
workplaces. 

~~-

Today there is increasing public concern about levels of natural 
radon in buildings and the regulations recently introduced include a 
requirement that remedial action to correct high radon levels must be 
carried out in buildings to which the public have access if any person 
may be exposed to a radon dose exceeding one tenth of the provincial 
limit for occupationally exposed workers (4 WLM per annum). 

Non-ionizing Radiations. 

During the last few years the most important change in the work of 
the unit has been an increasing involvement with problems associated 
with sources of non-ionizing radiation. The uses of lasers for medicine, 
industry, education and entertainment is increasing each year and, 
although there have been few serious accidents, most of these uses 
involve significant risk of retinal damage. With the proliferation of 
tanning salons excessive exposures to ultra-violet are becoming 
increasingly common. Ultrasound and NMR imaging procedures now take 
place in many hospitals and hearing losses arising from airborne 
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ultrasound are becoming more frequent. Video terminal operators and 
persons living near electrical transmission lines are concerned about 
low frequency R.F. emissions, and catering workers about the leakage of 
microwaves. Regulations to address all these concerns, and to limit 
possible exposures of the public, were introduced last year and now have 
to be enforced by the unit. 

Laboratory Facilities. 

Until recently the radiation physicists attached to the unit were 
only equipped with field monitoring instruments but with the increasing 
scope and complexity of the program for which it is responsible the unit 
has for a long time felt a need for comprenensive laboratory facilities. 
The first step in this direction was the introduction of 
thermoluminescence dosimetry 15 years ago, and the development of new 
quality assurance procedures for diagnostic radiology necessitated the 
acquisition of a diagnostic X-ray unit six years ago. However the role 
of the unit as an enforcement agency for provincial regulations remained 
severely crippled by lack of instrument calibration facilities until 
1985 when the unit moved into a new building in which its laboratory 
requirements could be accommodated. The facilities now available to the 
unit occupy about 200 sq. m. and include four principal laboratories. 
The first contains medical and dental X-ray units and a darkroom with 
automatic film processors, as well as test benches for the calibration 
of X-ray, gamma ray and microwave oven monitors (all commercial 
microwave ovens are checked for leakage by public health inspectors, and 
the monitors used for this purpose are all calibrated by the radiation 
safety unit at yearly intervals). The second is basically a radioisotope 
and wet chemistry laboratory, although it also includes a radon chamber 
in which the radon monitoring instruments are calibrated. A small room 
off this laboratory is used for alpha and gamma spectrometry and 
provides a less intimidating setting for such occasional duties as 
monitoring the thyroids of travellers returning from Europe immediately 
after the Chernobyl accident. The third laboratory is an open area 
containing the units computer system and a thermoluminescece dosimeter 
reader with annealing ovens. The final laboratory is essentially a 
service area, this can house any special projects but is set up 
primarily as a maintenance workshop. 

Conclusion. 

This paper marks the 25th anniversary of the establishment of the 
provincial radiation safety unit in Saskatchewan, Canada; and it 
outlines the way in which the activities and responsibilities of the 
unit have evolved during this quarter century. Stepping back to review 
the past in this way is valuable when planning to meet likely future 
committments during a decade in which it seems likely that public 
concerns about radiation risks will continue to increase. 
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EXPERIENCE IN ESTABLISHING AND OPERATING A RADIATION DOSIMETRY AND 
RADIOACTIVITY CALIBRATION LABORATORY IN THE REPUBLIC OF CHINA 

Wei-Li Chen 
Atomic Energy Council, Institute of Nuclear energy Research 

P.O.Box 3-10, Lung-Tan 32500, Taiwan, Republic of China 

INTRODUCTION 

Increasing public concern and more demanding legislation 
about radiation safe~y have made reliable measurement of ionizing 
radiation a necessity. Standardized calibration and procedures 
for the measurement of radiation doseage become one of the most 
important parts to assure measurement accuracy and hence radi
ation safety. The wareness of this need has led to the estab
lishment of the Radiation Dosimetry and Radioactivity Calibration 
Laboratory (RDRCL) at the Institute of Nuclear Energy Research 
(INER). Since July 1976 the RDRCL has been operated by the 
Health Physics (HP) Division of INER. In setting up and opera
ting the laboratory, several guides(1,2,3) have been followed. 
The experience we have gained may be of general interest to those 
whose concern is with the use or calibration of dosimeter. 

ORGANIZATION AND RESPONSIBILITY OF THE RDRCL 

The RDRCL includs two main parts namely Photon Dosimetry 
Calibration Laboratory (PDCL) and Radioactivity Calibration 
System (RCS). The operation of the RDRCL is under overall 
supervision of the HP Division Director of INER. For rountine 
calibrating services, the PDCL has two full-time senior 
physicists well experienced in radiation dosimetry and four full
time technicians with adequate qualification and experience to 
provide calibrating services. More over, for special consulation 
or discussion, other senior physicists or engineerers in the HP 
Division can readily provide help. Since most Radiotherapy 
centers in Taiwan are located in the northern part and are close 
to INER. The calibration services for them are convenient. In 
the past years, the PDCL in addition to discharge served the 
instrument calibration work for INER, has offered technical 
service to other public or private companies in Taiwan, e.g. 
Taiwan Power Company, University of Tsing-Hua, and a good many 
hospitals.(4) 

The main responsibilities to be implemented by PRDL in the 
laboratory itself could include: 

(1 ). The maintenance of a set of secondary standard 
(intercomparison) ion chamber and radiation sources. 

(2). Calibrating radiation measuring instruments used for 
clinical dosimetry and radiation protection purposes, 
and issuing certificates. 
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(3). The minor repair of instruments when needed. 

(4). Coordinating efforts with other HP staffs on personnel 
and environmental dosimetry services. 

(5). Training of health physicists and medical physicists, 
and paritcipating in training programs sponsored by 
government. 

(6). Providing help to radiation protection services with 
regard to dosimetric problems. 

(7). Joining in dosimetric intercomparisons with other 
laboratories. 

(8). Keeping up-to-date dosimetric measurement methods, and 
carrying out research on radiation dosimetry. 

EQUIPMENT AND FACILITIES OF THE PDCL 

(A) X-ray Beams 

The PDCL is equipped with two X-ray generating systems. A 
Baltgraph CE 50/30 type X-ray machine with 50 kVcp X-ray tube 
incorporating a Beryllium window was installed for low energy 
work, and a high quality Pantak HF420c calibration type X-ray 
machine was used for both medium and low energy work. The later 
can be operated with voltage from 420 to 10 kVcp at tube current 
down to 50 A. The ancillary facilities include a set of high 
quality filters, an adjustable diaphragm, a transmission type 
monitor chamber, etc. The X-ray generating system is capable of 
generating those filtered X-ray beams as recommended by the 
National Bureau of Standard (NBS) or as shown in the IS0-4037 
report, regarding to the effective energy and dose rate ranges. 

(B) y-ray Sources 

To obtain a wide range of y-energies and outputs, a large 
number of sealed radioisoiope sources, such as Ra-226, Cs-137 
and Co-60, etc. were used to provide precise exposure rate. 

The above-mentioned X and y-photon sources are or can be 
equipped with calibration benches or stands. Devices for easy and 
reproducible position, such as trackes, laser beam sources, etc. 
are available. The remote control systems can be installed 
whenever necessary. 

(C) Ionization Chambers 

Ionization chambers calibrated against the primary standards 
at the NBS or the National Physical Laboratory (NPL) of the U.K. 
are refered to as the secondary standard chambers at the PDCL. 
Some secondary standard ion chambers, together with two free-air 
ion chambers are properly used and maintained. Redundant 
principle is practised whenever possible. 
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Ion chamber calibrated against the secondary standard ion 
chambers are referred to as the laboratory standard instruments 
which are used to calibrate the field-use dosimeters or survey 
meters. 

(D) Electrometers 

There are many feedback type high precision electrometers 
in the PDCL. Some of them have been calibrated traceable to 
NBS. Like ion chamber, the electrometers in the PDCL are 
classfied as secondary standard, laboratory standard and field
use. 

(E) Other Equipment 

Additional equipment required for ionization chamber 
calibration include standard charge/voltage sources, three 
terminal calibration capacitors, high quality barometers, 
thermometers, timers, humidity measurement instruments, atmos
pheric communication testing chamber, etc. Many self made 
devices are installed to position various types of chambers in 
optimum location with a view to meeting requirements of all 
radiation charactistics so that most accurate results are 
obtained based on which to determine the realistic condition. 

OPERATION OF THE PDCL 

In order to fulfill PDCL's responsibities and to provide 
for the soonest possible instrument calibration, a disciplined 
procedure is established to follow. The protocol of the PDCL 
has described in detail the procedures for calibrating, reporting 
and record keeping for each class of device. Also classes are 
defined into which each device will fall. These procedures have 
also delineated explicit steps to assure utmost accuracy in 
calibration. All calibrating activities have to be in conformity 
with laboratory protocol. 

RADIOACTIVITY CALIBRATION SYSTEM 

According to the characteristics of the radioactivity, e.g. 
radiation types, physical and chemical forms, and intensity, 
there are many different qualitification and quantification 
methods in determining the activity of a radioisotope. 

The RCS has had many activity measuring systems which mainly 
include alpha spectrometric system, 2n-a counter, 2n-B counter 
liquid scintillation spectrometric system, gamma spectrometric 
system, 4n-y ionization chamber, and 4n-B, y coincidence counting 
system.(S) 

EXPERIENCE WITH THE RDRCL 

Experiences gained from establishing and operating the RDRCL 
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in these years show that the calibration of radiation measuring 
instruments is a high-tech endeavor and rather costly work. It 
is important that the personnel selected for establishing and 
operating the RDRCL are adequately qualified and are given 
adequate status and remuneration. It also needs to invest 
large fund for equipment and site preparation. A rigid protocol 
and a list of operational procedures must be clearly defined and 
strictly followed. The supports from other relevant high 
technical industries and the close contact with other national 
laboratories are essential parts to elevate the level of the 
laboratory. 
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PERFORMANCE CHARACTERISTICS OF SELECTED "BIODEGRADABLE" LIQUID 
SCINTILLATION COCKTAILS. 

J. C. Elliott, P. S. Rielly, and R. M. Gill 
California State University, Fullerton 

Radiation Safety Office, Fullerton, CA 92634 

High efficiency, low background, and quench resistance are primary 
considerations in the selection of a liquid scintillation (LS) cocktail, 
along with stability of the cocktail with time and reproducibility of the 
results obtained. These criteria are often compromised to acquire 
aqueous sample compatibility, or to avoid adverse flammability or toxicity 
characteristics. Disposability may also affect cocktail selection, since 
some low level radioactive waste buriaJ sites are refusing to accept 
toluene- or xylene- based LS wastes, and other solvents are being 
considered for exclusion. Certain commercially availablE! cocktails 
purport to circumvent this disposal problem by being "drain disposable" 
with local approval. 

Efficiencies, backgrounds, quench resistance, and sample stability 
for ten of these cocktails are presented below. Since many LS counters 
are calibrated to commercially available toluene based standards prepared 
to American National Standards Institute (ANSI) specifications, data is 
also presented for one of these formulations (1 ). The aqueous sample 
capacities and the effects of sample volume on efficiency and sample 
stability are presented by other authors or are readily available from 
the manufacturers, and vary with the nature of the aqueous material (2). 

The tested cocktails consisted of Ready Safe (Beckman Instruments 
Inc.), Ecolume (ICN Biomedical, Inc.), Solvent Free (Isolab, Inc.), Ecoscint 
(NationaJ Diagnostics), Optifluor, Optifluor-0, and Polyfluor (Packard 
Instrument Company), Biosafe and Biosafe II (Research Products 
International), and Ecolite (WestChem, Inc.). These cocktails were compared 
to spectrophotometric grade toluene (Mallinckrodt Chemical Works; 
SpectrAR) with 3.92 g/L PPO and 0.08 g/L bis-MSB (Omnifluor; NEN-Dupont), 
since this is comparable to the ANSI standard referenced above. 

A Packard Model 300 C/D LS counter was used for data acquisition. 
The external standard ratio was used for quench determination. Both 
large diameter (20 ml) and m1m. (7 ml) vials composed of either Jaw 
potassium glass or polyethylene (PE) were used. In order to minimize 
external effects from adapters, a grommet type adapter system was 
utilized with the mini vials. This system consists of a plastic ring 
attached to each extremity of the mini via1, and has no effect on the 
shape of mini vial quench curves, which are diameter dependent, but 
unaffected by vial or adapter materials. It does, however, slightly 
improve the unquenched efficiency for m1n1 vials, while lowering 
background from the adapter system and facilitating static removal (3). 

In order . to determine the backgrounds on the cocktails, three 
replicates of each vial/cocktail combination were counted ten times each 
for ten minutes. As indicated in Table I, the backgrounds were typically 
greater than that of the toluene formulation. The Optifluor-0 
backgrounds were comparable to the ANSI toluene reference, but this 
cocktail lacks aqueous sample capabilities. The detergent-based Biosafe 
showed high backgrounds in all vials prepared from three different 
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sample bottles, which were not seen in the solvent-based Biosafe II. The 
most probable explanation for these excessive backgrounds is the 
presence of a very long lived chemiluminescent material (4). Lowest 
backgrounds were noted in PE mini vials employing grommet type adapters. 

COCKTAIL 

TABLE I 

Glass 
mini vials 

COCKTAIL BACKGROUNDS 

Plastic 
mini vials 

Glass Plastic 
large vials large vials 

(For cocktails available as of February, 1986) 

Toluene 
Optifluor 
Ecolite 
Ecoscint 
Ecolume 
Solvent Free 
Biosafe 

Toluene 
Ready Safe 
Biosafe II 
Polyfluor 
Optifluor-0 

COCKTAIL 

18.3±1.1 12.3±1.2 
17.0±1.0 13.4±1.2 
17.2±1.3 13.7±1.7 
19.4±1.9 14.9±1.3 
22.9±1.5 18.5±1.0 
19.2±1.6 14.4±0.7 
75.5±3.4 71.6±2.1 

22.0±1.6 
23.6±1.3 
25.3±1.5 
35.4±1.8 
40.9±1.8 
30.2±2.1 
595 ± 12 

11.9±0.9 
13.1±1.7 
13.8±0.9 
21.5±1.8 
30.6±1.9 
18.9±0.9 
668 ± 34 

(For cocktails available as of June, 1987) 

16.6±1.2 
18.5±1.6 
17.5±1.1 
17.9±1.8 
16.8±1.2 

12.7±0.9 
12.8±1.4 
12.7±0.9 
12.5±0.8 
11.7±1.4 

20.0±1.6 
25.7±2.1 
22.8±1.1 
22.4±1.7 
16.8±1.2 

12.7±1.1 
16.2±2.0 
14.9±1.3 
13.6±1.4 
11.7±1.4 

TABLE II COCKTAIL TRITIUM EFFICIENCIES 

Glass 
mini vials 

Plastic 
mini vials 

Glass Plastic 
large vials large vials 

(For cocktails available as of February, 1986) 

Toluene 
Optifluor 
Ecolite 
Ecoscint 
Ecolume 
Solvent Free 
Biosafe 

Toluene 
Ready Safe 
Biosafe II 
Polyfluor 
Opt if luor-0 

58.3±0.9 
45.1±0.3 
42.6±0.4 
46.4±0.2 
45.0±0.5 
29.1±0.1 
26.6±0.2 

59.0±0.2 
45.7±0.2 
43.3±1.4 
47.8±0.9 
46.3±0.2 
26.7±0.3 
22.1±0.7 

57.8±0.5 
44.5±0.4 
40.3±0.3 
44.3±0.7 
41.5±1.1 
27.1±1.7 
21.4±0.1 

(For cocktails available as of June, 1987) 

60.7±0.4 
49.5±0.3 
40.8±0.2 
43.2±1.2 
57.9±0.3 

60.6±1.1 
52.9±0.3 
43.0±0.5 
43.6±1.6 
57.9±0.2 

59.7±0.2 
49.0±0.8 
41.8±0.2 
42.0±0.8 
58.3±0.7 

59.6±0.2 
46.1±0.1 
46.6±0.4 
50.0±1.6 
46.7±1.3 
21.4±0.7 
23.6±0.6 

60.0±1.1 
52.3±0.3 
43.2±0.1 
44.7±0.7 
57.4±0.5 

After the background was determined, 30 JlL [methyl 3 H]thymidine 
(15.8 Bq/JlL) or 150 JlL 3 H2 0 (22.5 Bq/JlL) was added to all of the cocktails 
except the toluene samples, which received 30 to 100 microliters of 
tritiated toluene (32.7 Bq/JlL). After mixing, the three replicates of each 
vial/cocktail combination were counted twice for five minutes each to 
determine the maximum counting efficiencies for tritium (Table II). The 
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Optifluor-0 showed the best maximum efficiency, with the caveat that it is 
not designed for aqueous samples. The Ready Safe formulation performed 
best for this type of sample. Optimum counting conditions for these 
cocktails were obtained in m~n~ glass vials equipped with grommet 
adapters, or in large PE vials. 

Quench curves were prepared by counting the sample vials for 10 
minutes and noting the quench number and counts per minute (CPM). A 
quantity of nitromethane was added to the vial, which was then 
recounted for an additional 10 minutes. This procedure was performed 10 
times until the vial was heavily quenched. Use of the tested cocktails 
in equipment calibrated for DPM determination with ANSI toluene standards 
resulted in 4-8% errors for all non-toluene cocktails during efficiency 
determinations. These errors were reproducible and cocktail specific, and 
are summarized in other work (5). 

In order to provide an indication of quench resistance, the 
logarithm (ln) of the efficiency was plotted versus the volume of 
nitromethane for each cocktail. Slopes were then calculated on these 
curves for each vial/cocktail combination. As shown in Table III, the 
detergent based cocktails demonstrated the best resistance to 
nitromethane quenching, followed by the solvent-based formulations. 
While color (optical) quenching was not addressed in this experiment, the 
differences between chemical and optical quench curves noted by others 
probably apply (6). 

TABLE III SAMPLE STABILITY AND QUENCH RESISTANCE 

Glass Plastic 
COCKTAIL mini vial mini vial 

Glass 
large vial 

Plastic 
large vial 

Q curve 
slopes 

(For cocktails available as of 

1.4% 
0.0% 

+0.9% 
+2.0% 

February, 1986)1 

Opt if luor 
Ecolite 
Ecoscint 
Ecolume 
Solvent Free 
Biosafe 

+5.0% 
8.8% 

-2 31.3%2 -1.7xlo_
2 2.0% -1.5x10_
2 5.8% -1.4x10_
2 1.7% -1.4x1o_
3 4.5% -9.5x10_
3 2.8% -8.8x10 

(For cocktails available as of June, 1987) 3 

Toluene 2.7% 49.2% 1.0% 
Ready Safe 0.6% 2.0% 0.1% 
Biosafe II 1.0% 1.5% 0.6% 
Polyfluor 1.3% 1.6% 0.7% 
Opt if luor-0 1. 4% 7.9% 0.8% 

(1) % loss of original CPM in 28 days. 
(2) Thick wall Polyethylene vials. 
(3) % loss of original CPM in 19 days. 
(4) Thin wall Polyethylene vials. 

14.8% 4 

1.1% 
0.8% 
1. 4% 
0.8% 

-2 -3.7x1o_
2 -1.4x1o_ 2 -1.5x1o_
2 -1.9x10_
2 -2.7x10 

To measure cocktail stability with time, samples of each cocktail 
were counted in both glass and PE vials at intervals throughout a one 
month period. Three replicates of each cocktail were counted for ten 
minutes each, averaged, and expressed as a percentage of their original 
counts per minute. Loss of activity was apparent for several samples in 
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PE vials (Table III). The toluene cocktail lost both volume and activity 
at rates related to the thickness of the polyethylene vial walls. 
Optifluor lost activity at the rate of approximately 10% of the initial 
cpm every 8 days, and retained only 70% of the original counts at 30 
days. No volume losses were apparent. This activity loss, noted by 
others, was not seen in a different lot number of Optifluor provided by 
Packard in response to the above observation. 

In conclusion, selection of any of these "drain disposable" 
cocktails will result in a degradation of performance for unquenched to 
moderately quenched tritium samples, relative to a toluene reference 
standard. However, since many other commercial cocktails trade maximum 
theoretical performance characteristics for aqueous sample holding 
capabilities, this may not be a serious disadvantage. Of greater 
significance, however, the quench curves for these cocktails vary 
sufficiently from the toluene quench curve that 4-8% errors will be 
introduced through use of toluene tritium standards for DPM operation. 
Also, the detergent based cocktails show significant handling 
shortcomings relative to the other preparations. These cocktails are 
quite viscous, and require repeated vortex mixings and long dark 
adaptation periods. The possible presence of long lived chemiluminescent 
components may affect suitability of these cocktails for many 
applications. 

Finally, although most of these commercial vendors present data 
stating that their cocktails are "drain disposable", and that tritium and 
carbon-14 samples may be disposed of via the sanitary sewer system if 
they meet de m1n1m1s guidelines (7), it should be noted that drain 
disposal is also governed by local regulatory agencies. No criteria were 
evaluated as to the suitability of a particular cocktail for disposal into 
the sanitary sewer system. 
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A NEW CALIBRATION SOURCE USING A THIN ION-EXCHANGE 
MEMBRANE. 

Makoto YOSHIDA, Hiroyuki MURAKAMI, Masato ISHIZAWA, 
Kentaro MINAMI and Yoshikazu YOSHIDA. 

Department of Health Physics 
Japan Atomic Energy Research Institute, 

Tokai-mura, lbaraki, 319-11, JAPAN 

INTRODUCTION 

In order to calibrate radiation protection instruments with 
large area detector such as floor contamination monitor, hand-foot
cloth monitor, large area calibration source with good uniformity 
is necessary. And accompanying with the dismantlement of reactor, 
various kinds of calibration sources shall be also needed for 
radiation detectors which are used for measuring the radioactivity 
of various shapes of solid wastes or contaminated matters. 

Thin ion exchange membrane source is useful as such calibra
tion sources by the following reasons : 1) it can be produced 
easily, 2) large area source with good uniformity can be obtained 
and 3) its shape can be changed easily and freely. 

A thin ion exchange resin membrane source was introduced by 
Hallard 11 to calibrate contamination instruments. In JAERI, a thin 
large area plane source with good uniformity was independently 
developed using a different type of ion exchange membrane. This 
paper describes the production method and the characteristics of 
the ion exchange membrane source. 

PRODUCTION OF MEMBRANE SOURCES 

1) Ion exchange membrane 2 1 • a I· 4 J 

The ion exchange membrane used for producing calibration 
sources was developed in JAERI and is called R-27. The membrane has 
carboxyl as radical in the base material polyethylene so that it is 
adaptable for any radioactive cation. The distribution of radicals 
in the membrane is quite uniform and the dispersion of membrane 
thickness is small. The membrane is chemically stable and it is also 
proved that the membrane has still sufficient strength when it is 
irradiated with T-rays of approximately 10 5 Gy. Therefore, the mem
brane is quite suitable for producing practical calibration sources. 

2) Production method 

The ion exchange membrane sources are produced as follows: 
The ion exchange membrane is first soaked in a radioactive solution 
which is prepared by dissolving standard radioactive solution 
(obtained from LMRI or Amersham Co.) in pure water. And some non-
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radioactive carrier was added to improve the uniformity. A buffer 
solution is also added into the solution so that PH value of the 
solution may not vary so remarkably. After being left in the 
radioactive solution, the membrane is then rinsed with pure water 
and dried naturally. 

Several types of sources were trially produced by this method. 
The nuclides of the produced sources are as follows: 90 Sr-soy, 
2° 4 Tl, 147 Pm (pure /3 emitters) 106 Ru- 106 Rh, 6 °Co, 137 Cs ( /3 and 
7 emitters) 241 Am (a and 7 emitters). The shape of the produced 
sources arc circle 50 mm or 100 mm in diameter and rectangle 100 mm 
X !50 mm. 

3) Determination of radioactivity 

The radioactivity of the pure /3 membrane source was deter
mined using a proportional counter calibrated by a thin paper damped 
with radioactive standard solution. The radioactivity of membrane 
sources emitting 7 -rays was measured with Ge(Li) detector or 
Nai(Tl) detector. Counting efficiency of the detector was deter
mined by the measurement in the source geometry of plane and 
point 5 >. This is because any point source can be calibrated using 
a standard point source. 

After determination of the radioactivity, the membrane source 
is mounted on a suitable supporting tool. 

CHARACTERISTICS OF THE MEMBRANE SOURCE 

Characteristics of the membrane source was investigated for 
trially produced sources. 

I) Uniformity of the radioactivity on the membrane source 

The uniformity of the radioactivity on the membrane sources was 
checked for all produced membrane sources by the autoradiography 
method using large area industrial X-ray film. The optical density 
of the X-ray film irradiated by the membrane source contacting di
rectly with the film was measured with densitometer Macbeth TD-504. 
It was found that the variation of optical density was less than 5 % 
from the average. Therefore, the uniformity of radioactivity on 
the produced membrane source was proved to be practically suffi
cient. The uniformity of the membrane source produced using radio
active solution without carrier was poor and so it was found that 
non-radioactive carrier is quite important factor to produce uniform 
membrane sources. 

2) Self-absorption effect of the a membrane source 

241 Am a source was first produced using 25 ~ m ion exchange 
membrane. The a energy spectrum of the source was measured with Si
SBD and it was found that no a peak of 241Am (5.486 MeV) is 
observed because of self-absorption effect. Then an extremely thin 
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(I~ m) membrane was used for producing 241 Am a source. The 
spectrum of the source was also investigated. As shown in Fig. I, 
the spectrum of I ~ m a source is similar to that of a standard 
241 Am a source (manufactured by LMRI). I~ m a source, however, 
is rather difficult to handle because of its fragility and so more 
strong membrane is desirable for practical purposes. 

Another type of ion exchange membrane, which has 100 ~ m total 
thickness with several ~ m radical grafted surface, was also tried 
to be used for producing 241 Am a source. The spectrum of this 
source was compared with the standard 241 Am a source and was found 
to be in good agreement with that of standard source (See Fig.2). 
Therefore, up to now, this 100 ~ m ion exchange membrane grafted 
superficially can be regarded as the most suitable ion exchange 
membrane to produce practical a sources. 

3) "Wipe-off " factor of the membrane source 

The " wipe-off " factor, which is quite important for practi
cal calibration source, was also checked by the following experi
ment. After rubbing the surface of the 6 °Co membrane source 
(50 ~ m thick) several ten times with smearing filter paper, the 
source and the filter paper were both measured with GM counter. No 
difference was observed in the counting rates of them before and 
after rubbing. This experiment result shows that the " wipe-off " 
factor of the membrane source is negligibly low. 

CONCLUSION 

It was found that a new calibration source using a thin ion ex
change membrane R-27 developed in JAERI satisfies the uniformity of 
radioactivity on the membrane with the variation of less than 5 %. 
Superficially grafted 100 ~ m ion exchange membrane was found to be 
the most suitable to produce practical a source because it has no 
fragility and causes self-absorption effect very little. And the " 
wipe-off " factor of the ion exchange membrane source was also found 
to be negligibly low. 
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DETECTION LIMITS OF GAMMA-RAY SPECTROSCOPY SYSTEMS 
USED FOR RADIOASSAY 

J.H. Frazier and B.R. Thomas 
IT Corporation/Radiological Sciences Laboratory 

P.O. Box 549, Oak Ridge, Tennessee 37831, USA 

ABSTRACT 

The ability of a radioassay system to quantify the activity in a 
given sample is determined by the counting time, background conditions, 
and detection efficiency. The detection limit of a radioassay system can 
be specified in a number of ways, each of which requires that the measure
ment process be strictly defined and controlled. Since spectroscopy 
systems used for radioassay of gamma-ray emitters present unique 
"Background" conditions with each spectrum, the requirement of strict 
background quality control is not met. A comparison of methods currently 
used to calculate detection limits for gamma-ray spectroscopy systems has 
been performed. The appropriateness of the use of each method has been 
evaluated with a series of controlled experiments. A method to properly 
specify and determine the detection limit for a gamma-ray spectroscopy 
system has been demonstrated. This method provides a more appropriate 
technique for determining the detection limit and, therefore, has a signi
ficant impact on regulations and instrumentation for both radiobioassay and 
assay of environmental samples for gamma-ray emitters. 
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A DOSE-EQUIVALENT RA'TE METER FOR ENVIRONMENTAL RADIA·TION SURVEYS 

U. Lauterbach and G. Ebeling 
Physikalisch-Technische Bundesanstalt, Braunschweig, 

Federal Republic of Germany 

M. Wojcik 
Jagollonian University, Institute of Physics, Krakow, Poland 

INTRODUC'riON 

In 1969 a scintillation dose rate meter was developed Ill 
which is well suited for measuring the exposure rate for photon 
energies above 20 keV. The air equivalent response of the scin
tillation detector is achieved by coating the plastic scintillator 
(NE 102A) in the probe with a thin layer of ZnS Ill, 141. 

In report 39 121 ICRU recommended new quantities for measure
ments in radiation protection with external sources. For environ
mental monitoring, these quantities are the ambient dose equiva
lent H*(lO) and the directional dose equivalent H' (0.07). If these 
new quantities are introduced for practical measurements in radi
ation protection, instruments must be modified to directly indi
cate the ambient dose eqivalent or the directional dose equiva
lent. 

In 1986 the PTB began carrying out experimental investiga
tions to ascertain whether the response of the scintillation 
detectors could be modified to obtain an indication of the ambient 
dose-equivalent rate independent of the photon energy. At the same 
time the electronics of these instruments was improved to 
overcome constructional shortcomings. The dependence of the 
reading on the temperature was reduced electronically and the 
influence of the dark current of the photomultiplier on the more 
sensitive ranges was diminished. 

INDICATION OF ·THE AMBIENT DOSE-EQUIVALENT RATE WITH A 
SCINTILLATION DETECTOR 

An energy independent reading of the ambient dose equivalent 
rate with a scintillation dose rate meter is achieved if the 
quotient of the output current of the photomultiplier and the 
ambient dose equivalent rate is independent of the photon energy. 

As shown in Ill the response of the scintillation detector as 
a function of photon energy can be influenced by coating the 
plastic scintillator in the probe with a thin layer of zinc 
sulfide or other inorganic scintillators of appropriate thickness. 

This technique is also applied to obtain the scintillation 
detector's response which is needed for an energy independent 
reading of the ambient dose equivalent rate. Research work has 
been carried out on the instrument which is suitable for measuring 
radiation levels in the order of those in the natural environment. 
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multiplier is high and the dark current is in the order of the 
signal current. This current also depends on the temperature and 
increases with increasing temperature. 

To eliminate the dependence of the signal on the temperature, 
the gain of the photomultiplier must be controlled by the 
temperature of the photomultiplier-scintillator combination. The 
contribution of the dark current to the signal current can be 
reduced by subtracting its value. 

All information needed for controlling the high voltage and 
the gain of Lhe photomultiplier in all ranges as a function of 
temperature is stored together with information on the corre
sponding dark current in an EPROM. For each rang5 and each

0 measured temperature of the detector between -20 C and +40 C, 
this information is retrieved from the memory and used to control 
the high voltage supply and to subtract the corresponding value of 
the dark current from the signal current. 

As it is impossible to measure the family of characteristics 
to be stored in the memory in a reasonably short time, P. Seyfried 
has developed a special algorithm 161 which allows the whole 
family of characteristics to be computed from a few measured 
values. 

The first instrument equipped with this new system has shown 
temperature-dependent deviations in all ranges not exceeding a 
maximum value of + 5%. This could be improved by using more 
measured values to compute the family of characteristics. 
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DESCRIPTION OF GENERAL CIRCUIT 

A schematic diagram of the dose rate meter, which consists of 
two parts, the detector probe and the control unit, is shown in 
Fig. 2. The instrument has 8 ranges from 30 nSv/h up to 100 pSv/h 
full scale which are selected either by the autoranging mode or by 
the manual mode. To avoid overloading of the photomultiplier, the 
output current of each range is limited to a maximum value of 
3 nA by setting the high voltage of the photomultiplier to an 
appropriate value. This signal current, which is proportional to 
the dose rate, is indicated on the meter in the control unit. 
Selectable time constants are provided. 
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Fig. 2 Sche,matic diagram of the dose-equivalent rate meter 

There are two disadvantages in this operation mode of the 
photomultiplier. With increasing temperature the signal current 
decreases for a fixed dose rate, and not only the amplification of 
the photomultiplieL but also the fluorescence yield of the 
scintillator is dependent on the temperature. Besides this, the 
dark current of the photomultiplier may contribute to the signal 
current in the more sensitive ranges where the gain of the photo-
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This instrument has a cylindrical plastic scintillator in the 
probe which is 75 mm in diameter and 75 mm in height 131, 141. In 
the course of the work various mixtures of inorganic scintillators 
containing ZnS, Cawo 4 and Gd 2o S were used to coat the 
cylindrical scintillator to obtain the desired response. The 
response of the scintillation detector was measured with X-refer
ence radiation of series A 151 and y-radiation of caesium-137 and 
cobalt-60. Dividing the readings of the dose-rate meter by the 
ambient dose equivalent rates at the same place in the calibration 
field yields the response of the instrument as a function of the 
photon energy. The ambient dose equivalent rate in the calibration 
field was calculated from the measured photon dose equivalent rate 
using the conversion factors given in 151. The best approximation 
which we achieved to the desired response is shown in Fig. 1. From 
20 keV up to 1.25 MeV the reading is within +4% and -20%, indepen
dent of the photon energy, normalized to the response at an energy 
of 662 keV. 
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Fig. 1 Relative reponse of the dose-equivalent rate meter 
as function of the photon energy 

As pointed out in Ill the decay time of phosphorescence after 
irradiation of the inorganic scintillators with X-rays should be 
within the order of a few seconds. Measurement have shown that 1 
minute aft~4 irradiation, the yield of the phosphorescence is 
about 5•10 of the intensity of the fluorescence. In this case 
the influence of the phosphorescence on the reading can be 
neglected shortly after irradiation. 
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INTRODUCTION 

In gaseous ionization detectors, W-value defined as an 
average energy expended per ion-pair, plays an important role for 
the measurement of absorbed dose. However, there does not exist 
the same kind of quantity, Wp, which should be defined as an 
average energy expended per emitted photon, in the case of 
scintillators. It is very difficult to absolutely measure such a 
quantity with present techniques using of scintillators and 
available photomultipliers (PMT). In the PMT, it is quite 
difficult to measure the collection efficiency of photoelectrons 
at the first dynode and the multiplication gain of successive 
dynodes chain, although the quantum efficiency of the 
photocathode is measurable. On the other hand, the number of 
photoelectrons from the photocathode is easily measurable with a 
well calibrated charge sensitive amplifier. We recently measured 
numbers of photoelectrons with three combinations of PMT and 
N a I ( T l) for the first time ( 1 ) . The PM T was operated as a photo
diode (PD -mode). The average energy expended per collected 
photoelectron, Wpe, was almost 100 eV in all the three 
combinations. Here, we describe the measurements of 
photoelectrons with a Nai(Tl) coupled to a PMT. Also we show the 
application of this technique to radiation dosimetry using a 
plastic scintillator coupled with a PMT and a charge integrator. 

NUMBER OF PHOTOELECTRONS 

Measurements of the photoelectrons from the photocatode 
were made using a 3"o X 3" Nai(Tl) scintillator coupled to a 
PMT. In the PD-mode, the first dynode (Dy1), second one (Dy2) and 
focusing grid (G) were connected together as a collector to 
collect the photoelectrons, while the photocathode (K), the anode 
(A) and all the other dynodes were connected as a cathode as 
shown in Fig.1. A low noise charge sensitive preamplifier (CSPA) 
was connected to the collector with a charge terminator which was 
used to calibrate the amplifier system by a high precision 
mercury pulser. The signal from the CSPA was fed to a main 
amplifier for shaping and further amplification. The semi
Gaussian shaping was made with differentiating and integrating 
time constants of both 2 usee. The amplifier system with a charge 
terminator was calibrated with the method used in the previous 
experiments (1 ). The complete collection of photoelectrons was 
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assured by measuring the pulse heights of the photo-peak due to 
the gamma-rays from Cs-137 as a function of applied voltage to 
the cathode. The pulse height of the photo-peak was completely 
saturated above -20 volt as shown in Fig.2. The energy dependence 
of pulse heights and resolutions was measured with the gamma-ray 
sources of Cs-137, Mn-54, Na-22, Co-22, K-40, Tl-208, and Pu-C. 
Also, these measurements were repeated with a same combination of 
a PMT and a scintillator in the normal operation mode of a PMT 
(PMT-mode). The two typical pulse height distributions are shown 
in Fig.3. Figure (A) and (C) are gamma-ray spectra from Co-60 and 
Pu-C with the PMT-mode, and (B) and (D) with the PD-mode, 
respectively. The pulce heightc were determined by least -square 
fitting of measured pulse height distributions to a Gaussian plus 
a quadratic function or two Gaussians. The converted pulse 
heights to the number of photoelectrons were fitted against the 
energy of gamma-rays by the least-squares fit. The number of 
photoelectrons was obtained to be (9.94.±_0.005) electrons/keVin 
this combination. The Wpe was 100.6 eV. This result 
excellently agreed with the previous results(1). 

ENERGY RESOLUTIONS IN PD-MODE AND PMT-MODE 

In the case of the PD-mode, the PMT is operated without the 
multiplication of electrons at the dynode chain and the 
measurements are made with a high gain charge sensitive amplifier 
system. Therefore, the signal to noise ratio is an important 
factor to limit the experiments. Two typical examples measured 
with the PD-mode and the PMT-mode are shown in Fig.3. The energy 
resolutions of the PMT-mode are slightly better than those of the 
P D- m o d e a t t h e g a m m a-ray s f r o m C o- 6 0 , b u t a r e a l m o s t c o m p a r a b l e 
at about 6 MeV (Pu-C). The noise width obtained from the pulse 
height distributions of the test pulse well agreed to be 420 
electrons in the full width at half maximum(fwhm) as a noise 
equivalent charge(2). The noise width mainly depends on the 
input capacitances of the PMT and the amplifier, and also on the 
leakage current of the PMT. 

APPLICATION TO DOSIMETRY 

Plastic scintillators (PS) are similar to tissue in 
composition and density, and are also itself radiation detectors. 
The PS had been used to measured the tissue equivalent absorbed 
dose. In that case, the measurements were made by the PMT-mode 
with a combination of a PS and a PMT. The combination was 
calibrated with the gamma -rays of the known energies. The 
measurements of the absorbed dose were made firstly by taking a 
pulse height distribution with a pulse height analyzer, secondly 
by calculating the total pulse heights weighted with counts per 
channel, and thirdly converted the total pulse heights to the 
absorbed energy using the energy per channel. However, the 
method described here may be much easier, since the absorbed 
energy is simply calculated from N X Wpe, where N is the total 
number of photoelectrons. The experimental apparatus used in the 
present measurements is shown in Fig.4. A PS (NE102A), of which 
the diameter is 3 em and the thickness is 1 em, was used to 
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measure both Wpe and energy depositions. A PMT (R1307, Hamamatsu 
Photonics Co.) was coupled to the PS as a photo-diode. The PS was 
wrapped with aluminized mylar sheet as the reflector of photons. 
In order to measure the Wpe, the collector was connected to a low 
noise charge sensitive amplifier system (A) at first. The Wpe of 
the combination was measured to be 430~20 eV with the gamma-rays 
of the known energies. In order to measure the absorbed energy, 
the collector was connected with a charge integrator (B), while 
the cathode was held at -50 volt. A well calibrated capacitor (C) 
was 9.52 pF. The charge of photoelectrons was integrated for a 
period (Ti) and discharged periodically by a relay. The output 
waveform was recorded on a strip-chart recorder. The total uharge 
was calculated from the maximum voltage (Eo). The total 
integrated charge due to background radiations and leakage 
current between the cathode and the collector was measured to be 
(0.67~0.1) pC for the integration time of 2 sec. A Co-60 gamma
ray source of 7.9 mCi was used for irradiation of the PS. The 
measured net charges at 29.7 em and 139.7 em were (10.9~0.1) and 
(0.53~0.01) pC for 2 sec, respectively. These are easily 
converted to absorbed dose rates with the Wp and are 115 and 5.4 
mrad/h, respectively. Also the absorbed dose rates at several 
points between above two points were measured. The dependence of 
those on the distance between the source and the PS was assured 
to be well fitted to the inverse square law. 

DISCUSSION 

The preliminary results seem to suggest that this method is 
effective to the absolute measurement of tissue equivalent dose 
with the PS. In this method, a high voltage power supply, which 
is normally used to operate a PMT, is not necessary and the 
collection efficiency of photoelectrons does not depend on the 
fluctuation of biasing voltage. These also suggest a possibility 
making of a small size dosimeter without a high voltage power 
supply. In this experiment a charge integrator is used to measure 
the total charges of collected photoelectrons, but it is also 
possible to use pulse techniques to get the total charges. There 
may exist two faults in this method. The Wpe of the PS was 
determined with the Compton edges of the gamma-rays with the 
known energies. The standard deviation of the Wpe for the PS was 
large due to uncertainty in determining the Compton edges, even 
though the low noise charge sensitive amplifier, of which the 
noise width was 495 + 2 electrons in fwhm, was used for the 
measurements. Furthermore, the number of photoelectrons in the PS 
was about one fourth of that in Nai(Tl). However, the uncertainty 
in the Wpe is possibly avoidable by using several monochromatic 
electron sources for the energy calibration. In the latter case, 
photo-detectors with much higher quantum efficiency is desirable. 
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For many years the practical application of photodiodes in 
scintillation detectors has been limited by the relatively high levels of 
noise associated with their junction capacitance and the charge 
amplification process. Recently devices have become available with more 
suitable characteristics, which have allowed the development of detectors 
for routine radiation monitoring. 

DETECTOR SIGNAL/NOISE 

The equation for the noise at the output of a system consisting of a 
photodiode, FET charge sensitive preamplifier and main amplifier with CR-RC 
pulse shaping has been given by Delaney (1980). The noise contains several 
components and the variation of noise with pulse shaping time shows a 
definite m1n1mum indicating an optimum pulse shaping time for a given 
photodiode/FET configuration. This time has been measured experimentally and 
is in good agreement with theoretical predictions. 

Some of the most important components in the noise equation are 
dependent on the junction capacitance of the photodiode, which is roughly 
proportional to the diode sensitive area. However the size of the signal is 
determined by the light which can be coupled onto this area. We have 
therefore investigated the signal/noise ratio as a function of the 
proportion of the face area of a large scintillator optically coupled to a 
given photodiode. Areas of the scintillator which are not coupled are coated 
with a diffuse reflector, such as magnesium oxide powder, so that some of 
the light finally emerging suffers multiple internal reflections. For a 
given face area of scintillator there is an optimum sensitive area for the 
diode, and the signal/noise ratio can be predicted quantitatively using a 
simple theoretical model. 

It appears also that to obtain a good optical coupling from a 
scintillator, it is important for the window to be in contact with the 
silicon surface. The type of diode which has an epoxy resin window provides 
the best results in spite of having a poorer transmission in the UV part of 
the spectrum. 

Resin window photodiodes are available as PN or PIN devices. It has 
been pointed out by Groom (1984) that PN diodes have an associated series 
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resistance which acts as an extra source of thermal noise. We have measured 
this series resistance for PIN diodes and find it to be much smaller than 
for the PN variety. PIN diodes are also able to withstand a greater reverse 
bias, enabling a greater reduction in junction capacitance and hence a 
significant reduction in the other noise components. 

The photodiode output signal also depends on the spectral matching of 
the light emitted by the scintillator and the overall diode response. Table 
1 shows a comparison of the signal strengths for 662keV photons from 137Cs 
measured for various scintillators coupled in turn with silicon grease to a 
photomultiplier and a resin window photodiode. The scintillators were cut 
into cubes of side lcm and one face polished on moistened paper. The 
photomultiplier had a bialkali photocathode with peak quantum efficiency at 
L120nm, while the photodiode has a broad absorption band peaking at some 
900nm. The advantages of using Cs!(Tl) with the photodiode and Nai(Tl) with 
the photomultiplier are clearly seen. 

Table 1. Comparison of observed pulse-heights with various scintillators on 
photomultiplier and photodiode. 

Scintillator Reported light output Pulse Height Pulse Height 
as a % of Measured on PM Measured on PD 
Nai(Tl) as % of Nai(Tl) as % of Nai(Tl) 

Nai(Tl) 100 100 100 

Csi(Tl) 41* 31 148 

Csi(Na) 65 - 83* 84 82 

BGO 8+ - -
* Nuclear Enterprises Inc. Brochure No 126P (1980) 
+ Furukhi M,R, Mat, Res. Soc. Symp; Proc Vol 26 (1963) 

DETECTOR PULSE HEIGHT SPECTRA 

Only one commercially available photodiode (Hamamatsu Photonics Sl723-
06) meets these requirements and it happens to have a sensitive area of lcm~ 

The performance of various scintillators has been studied using this 
device together with a high quality pulse amplification system (Ortec) with 
pulse shaping time of lO~s and a 4000 channel analyser (Nuclear Data). Some 
results for Cs!(Tl) are shown in Fig.l and Table 2. The width of the peaks 
is due largely to the electronic noise and corresponds to a FWHM of 38keV. 
The photopeak of 241Am can clearly be resolved. 

103 



Fig.l Pulse height spectrum for photons from 241Am and 99Tc-m 
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For the 211 diameter X 1" high scintillator the proportion of the light 
which can be directed onto the lcm~ photosensitive area is subtantially 
reduced and this is shown in Table 2 by the reduced channel number of the 
photopeak. However the noise width as indicated by the FWHM is relatively 
independent of the crystal dimensions. 

Table 2 Effect of increasing face area of Csi(Tl) 

Crystal Photopeak FWHM Resolution 
Dimension Channel No channels % 

mm 

7x7xl2.7 378 21.5 5.7 

lOxlOxlO 365 21.0 5.8 

20 dia x 10 288 23.5 8.2 

25.4 dia X 12.7 231 20.5 9.0 

50.8 dia X 25.4 114 19.5 17.1 
1..---
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PROTOTYPE MONITOR 

To demonstrate the promise of such detectors, we have constructed a 
prototype we call the "mitie" monitor. The detectors are detachable and plug 
into a box, measuring some 13 X 8 X Scm.,which contains a 9V battery, charge 
am~fier, main pulse shaping amplifier and a digital ratemeter displaying 
counts per second. On the front panel the threshold energy can be adjusted 
and an analogue output is provided for spectrometry. Fig. 2 shows some 
results obtained using a 1" diameter X 1" thick Csi(Tl) detector compared to 
those for a commercial instrument using a compensated GM counter. The 
sensitivity of the "mitie" is much greater as expected for a scintillation 
counter, and with suitable integrating time can measure satisfactorily at 
the 1pRh-1 level. 

Fig.2 

100 

10 

1 

0.1 

0.01 

Comparison of response to photons from 137Cs and 60Co 

' ' 

rate~ 
' PDR2 ' 

Exposure 
mRh- 1 

(Nuclear Enterprises) 

• 
• 

60Co 137Cs 

0 • 

Calculated exposure rate mRh- 1 

100 10 1.0 0.1 

CONCLUSIONS 

' ' ' 

11Mitie11Monitor 
count rate,cs-1 

' ' ' ' ' ' ' 
' ' ' ' 

Background 1······ 

0.01 

. . . 
~ 

0.001 

10000 

1000 

100 

10 

1 

The prototype can conveniently be held in one hand, is robust and the 
pulse height is inherently stable. By eliminating the need for a 
photomultiplier and a high voltage supply, it is relatively inexpensive to 
produce. With further development we may expect the scintillator/photodiode 
detector to replace present scintillation detectors in many current 
applications. 
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INTRODUCTION 

The knowledge of diagnostic X-ray spectra is very important 
to determine and minimise the dose to the patient. To this 
purpose and also for image optimisation it is also necessary to 
know the spectra of the photons trasmitted from a phantom or from 
the patient in the actual conditions of a radiological 
examination. X-ray spectrometry by means of germanium detectors 
can be performed ,at the present time, by well established 
methods. One of the major problems , encountered in this type of 
measuraments is due to the high photon fluence typical of 
diagnostic X-ray beams. Counting rates, pile-up and pulse 
distortion are usually reduced by: a) very narrow collimations 
and large focus detector distances, (b) decreasing of X-ray tube 
current (10-50~A) ,whenever possible. It is then worthwhile to 
investigate on detection systems whose efficiency is much lower 
than that of the Ge detectors and which are capable to realise a 
compromise between accuracy of measurement and simplicity of use 
as happens with Silicon surface barrier and CdTe detectors <Pani 
et al. 1986, Di Castro et al. 1983). In this work diagnostic X
ray spectra measured with both detectors are compared in the 
energy range 10-100 keV. Detector work conditions and the 
stripping procedures utilized are also analysed and discussed. 
The advantages of these spectrometric system are : operation at 
room temperature, simplicity of use with photon flunce up to 101 

photons /mm~s, and response in fairly good agreement with that 
typical of a Ge detector. Some difficulties arise in the use of 
these detectors as they require for the detected spectra 
correction procedures that are more complex than in the case of 
Ge detector. 

EQUIPMENT AND METHODS 

An n-type silicon surface barrier detector ( Ortec AB-16-25-
300) 300 micron thick,totally depleted with an area of 25 m~ was 
used in this study. It is usually employed to detect charged 
particles but it has good characteristics also to detect X-ray 
photons such as a good energy resolution that varies from 
5.4 to 6.3 keV in the range from 20 to 400 keV. The cadmium 
telluride detector was grown in Italy in the I.N.F.N. Laboratory 
of Bari. It was produced with travelling heater method <THM> and 
it has a sufficient energy resolution (9% at 122 keV> and a size 
of 5x5x1.7 mm • CdTe detectors are not at present available with 
volumes larger than 0.5 cJ and with high purity. Cdte and Si 
detectors have a low detection efficiency that make them quite 
suitable for application in high intensity photon radiation beams 
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which may exceed the detection capability of the spectrometric 
system such as in a direct measurements of diagnostic X-ray 
spectra. They do not need the cryogenic cooling which often 
limits the choice of a suitable experimental geometry. All 
measuraments of distributed spectra were compared with ones 
obtained from a Ge high purity detector <PGT IGP 105) with a size 
of 100 mrrf >: 5 mm. The X-ray equipment consists of a metrological 
tube Philips MG421 with a costant potential in the range 30-420 
kV. The focus-detector distance used in this study was 1 meter. 
A collimation with 1 mm of aperture diameter was used for the Ge 
detector. The collimation for Si and CdTe detectors was chosen at 
4 mm of aperture diameter to limit the irradiation area to the 
detector active area. Energy calibration and efficiency was 
determined for each detector using standard point sources in the 
energy range from 5 to 200 keV. In figures 1 and 2 are shown 
pulse height distributions of two typical X-ray qualities,and the 
presence of spurious effects for Si and CdTe detector 
respectively. These effects are principally due to the escape 
from the depletion layer of Compton photons, K-photons, 
photoelectron and Compton electron and due to the incomplete 
charge collection. The influence of these effects depends on 
detector active volume , its atomic number and purity. To obtain 
the true bremsstrahlung spectrum impinging on the detector a 
carefull analysis is needed to determine the influences of 
spurious effects on the detector response. This analysis consists 
of calculating the transport of radiation through the detector. 
To this aim a Monte Carlo method based on "analog procedures" was 
used. The techniques and the general methods employed in the 
Monte Carlo program for the solution of transport problems are 
discussed elesewere <2>. After the Monte Carlo analysis a 
"stripping procedure" is applied to correct the measured spectra. 

STRIPPING PROCEDURE 

The stripping procedure for CdTe and Si detector is 
summarized in the following formula: 

Nl111.t (~ )+~(~ •h)• Ntltttk)Hf:.~(t,E,) Nl[t,l}-th .. (E ,f..) ~lte.l]-JX.R Ntto.l]J" 
* ~{er" 

The formula consists of the subtraction of four terms from the 
number of detected photon of energy E <N~<E>>. The first term 
represents the number of K-photons that escape from the 
detector.The presence of this effect has to be negleted for Si 
detector because it is negligible for incident photons energy 
greater than 12 keV and for the presence of the detector noise 
below. The second and third term represent the number of events 
of energy E due to electron escape and due to single and multiple 
scattered photon escape respectively. These correction~have been 
completely neglected for CdTe detector because Compton scattering 
becomes considerable only for incident photon energy greater than 
150 keV. The last term represents the events introduced from 
theincomplete charge collection. The charge trapping is the main 
contributing factor to this effect for CdTe. Such correction can 
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be neglected in Si for its high purity. Finally correction for 
photopeak efficiency £ CE> is applied. A more detailed desription 
of hCE>, rKCEI and R is discussed elsewere (1) (2). 

RESULTS AND DISCUSSION 

Measured and corrected spectra for CdTe and Si detector are 
shown in figure 1 and 2 respectively. The stripping correction 
effect is impressive for both detectors. Figure 1 shows a 
sufficient agreement between the 100 kV spectrum detected by CdTe 
and the same obtained with Ge detector. It was possible to 
analyse with CdTe detector only heavily filtered spectra because 
of the detector noise C20 keV> and the higher errors introduced 
by the stripping increasing the number of the channels involved. 
Typical diagnostic X-ray spectrum is shown in figure 2 obtained 
with Si detector. There is a good agreement with the spectrum 
measured with Ge. Only a difference can be noticed in the energy 
range of W-K lines due to the lower resolution of Si. The higher 
accuracy of Si detector response and stripping correction is also 
shown in figure 3 where the tungsten K-lines affect the energy 
distribution much less than CdTe detector. 
In conclusion the Si surface barrier detector offers very 
interesting advantages optimizing the compromise between accuracy 
and simplicity of use in the energy and fluence rate range of 
radiodiagnostics. 
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Fig.1 X-ray spectra obtained with the CdTe detector 
at 100 kV filtered with 4 mm Al+ 5mm Cu. Measured 
spectrum Cdotl; corrected spectrum (full linel; same 
spectrum obtained with Ge detector (broken line). 
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OBJEC'J'S OF A STABLE BEAM CALIBRATION SYSTEM BASED ON 
PHYSICAL CONSTANTS 

D Gifford, H J A Avery, T J Godden, D Kear 
Department of Medical Physics, Bristol and Weston 

Health Authority 

Calibration of protection-level dosemeters is a legal 
requirement in many countries 1 and in the UK is required by 
Regulation 24 of the Ionising Radiations Regulations 1985 2 • Two 
important features of the testing required under this regulation 
are that 1) the calibration is traceable to a national standard 
and 2) the accuracy of the calibration is known. 

A major difference between the requirements for the 
calibration of clinical dosemeters for use in radiotherapy and of 
protection-level dosemeters is that in the former case there are 
a few dosemeters requiring calibration to a high standard of 
accuracy while in the case of protection-level dosemeters, there 
are a great number of dosemeters requiring calibration to a 
lower, but known standard of accuracy. The performance of 
dosemeters used for protection purposes must be verified on a 
regular basis, and in view of the numbers of dosemeters and 
doserate meters involved, a robotic system presents many 
advantages, as it is no longer permissible to use dosemeters the 
characteristics of which have not been verified. 

In the system described, dosemeters are placed in known 
positions on measuring platforms (fig l). On leaving the 
calibration cell, the operator initiates the calibration 
procedure, which can be wholly or partly robotic. Measuring 
sequences can be chosen so that each of tvm detectors can be 
placed at each position and exposed in turn, or alternatively a 
single detector can be exposed at each chosen position along the 
axis of the beam. 

fig 1 GENERAL VIEW SHOWING 
MEASURING PLATFORMS 
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fig 2 SOURCE HOUSING AND 
CONTROL MECHANISM 



Conventional dosemeter calibration is based on the transfer 
of calibration factors from a calibrated secondary standard 
dosemeter which itself requires to be calibrated regularly 
against a national standard, so that the calibration of the 
instruments calibrated against it are also traceable. The 
secondary standard dosemeter itself is subject to possible loss 
of its calibrated status due to severe environmental conditions, 
damage or component failure. It is necessary to maintain a 
reference source to check the calibration of the secondary 
standard dosemeter. 

The philosophy of a stable-beam calibration system is to use 
for calibration purposes the output from a radioactive source the 
air kerma rate from which at a given distance, once determined, 
can be predicted by the use of physical constants, so as to 
eliminate the intermediate secondary standard dosemeter 
interposed between the primary standard and the dosemeter under 
calibration by using the radiation beam from the source as the 
actual calibration standard. While this eliminates the need for 
the use for the secondary standard dosemeter for each 
calibration, there may however remain the need to validate the 
accuracy of the system at regular intervals of say a week or a 
month by checking the air kerma rate at a fixed point in the beam 
using a calibrated secondary standard dosemeter. These 
measurements will ensure that that changes have not arisen due to 
mechanical inconsistencies arising from shocks to the system or 
wear and tear, or to unpredicted changes in air kerma rate 
arising from the decay of the radioactive source not following 
the predicted values due to the presence of source impurities, 
and are required in the UK to satisfy the requirements o~ NATLAS 
and NAMAS. 

Inaccuracies occurring in calibration against secondary 
standard dosemeters of known accuracy can arise due to 
uncertainties regarding the source in the case of X-ray 
generators, to errors in the secondary standard itself, and to 
positional inaccuracy, arising from uncertainties in the 
determination of the exact postion in the photon beam where 
the air-kerma rate is determined, together with the need to 
position the dosemeter under calibration with comparable 
accuracy. If an X-ray source is used, there is the further 
requirement to position a reference dosemeter, to allow the 
air-kerma rate to be normalised between dosemeter readings. 

While at this stage of its development, a stable-beam system 
cannot itself be regarded as a secondary reference standard, the 
performance of such a system is substantially better than that of 
a tertiary standard, and the degree of consistency of measurement 
which can be achieved is such that only occasional reference to a 
secondary standard is required. The calibration standard in a 
stable-beam system consists of the photon beam itself, emitted by 
a radioactive source or sources of photons of suitable energy or 
energies, the characteristics of the source and of the beam 
itself being known to a high degree of accuracy. Once the air
kerma rate at a given point on the axis of the beam has been 
established, the air-kerma rate at that point can be predicted at 
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a future date by means of the decay constant of the given 
radionuclide and the reading of the instrument under calibration 
compared with this value. 

The use of the air kerma rate at a point in the beam from a 
radionuclide source as a reference standard presupposes the 
availability of a stable scatter-free beam, the characteristics 
of which have been verified by a national standardising 
laboratory. 

CALIBRATION USING A STABLE BEAM SYSTEM 

The use of a stable beam system for calibration consists 
therefore of the following initial steps: 

The system is set up with one or more radionuclide sources. 
The beam is checked for electron contamination and the photon 
energy checked. 
The air-kerma rate on the axis of the beam is measured to 
check for any deviation from the inverse square law prediction 
and entered into the system computer, together with the date 
and decay constant of the source (fig 3). 
The air-kerma rate is measured across the beam at various 
positions along the axis to ascertain uniformity of air-kerma 
rate over given measuring volumes, in order to establish 
accuracy limits for radiation transducers of different sizes 
(fig 4). 

W/100 STABLE BEAM CALIBAATKJN SYSTEM 
DOSE RATE ON AXIS OF BEA~ 

GRAPH OF EXPOSURE RATE AGAINST SOURCE DISTANCE 

DOSE RATE ACROSS BEAM AT 0.5 AND 4.5 METRES 

\ 

\ 
\

TTENUATEOBEAM 
I~Omnl Tur>gll8"1 

I 
~~~-.~~~,~.~.~.,~.~~~~~~~~~=.~~~=-~~ 

mm OFF CENTRAL AXIS 

fig 3 fig 4 
1.0 10 

DISTANCE FROM SOURCE d!ml 

CALIBRATION PROCEDURES 

Dosemeters under calibration are then set up on one of 
the two measuring platforms and moved to the limit of distance 
along the axis of the beam (Z-axis). The reading of the 
instrument is then observed and entered into the computer, and 
the detector moved to another position. 

The time required for each observation is limited by the 
response time of the instrument, and is pre-programmed before 
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the measurement, the detector being driven automatically to 
the next position after a given time. When the series of 
measurements is completed, the computer produces a calibration 
certificate for the instrument w·hich includes all relevant 
information: the measurement data entered by the computer and 
the details of the instrument entered by the operator. In the 
case of ionisation chambers under calibration, details of 
temperature and pressure are also entered automatically by the 
computer, and the correction factor applied so that the 
calibration5 produced ·is correct at 20°C and 1013 mbar 
(1.013 X 10 Pa). 

Source housings (fig 2) are available to permit the use 
of two sources of high photon energy; for sources of lower 
photon energy, an alternative source housing is being 
developed. The lower energy sources are intended to fit on to 
the axis of the calibration system in front of the main source 
housing. Examples of nuclides evaluation of which it is 
proposed to carry out to assess their suitability for 
calibration purposes include 2~1Am, 57Co and 125I. 

A wide range of tests may be required for complete 
calibration. Some, such as those relating to warm-up times 
and the response time of the instrument are important for 
measurement of rapidly changing radiation intensities. It is 
also important to validate instrumental integrity over the 
range of physical conditions under which the instrument is 
likely to be used, and over the full range of intensity and 
photon energies to which the instrument may be exposed. The 
calibration process consists of a range of pre-programmed 
measurements, which are compared with the standard data stored 
in the computer. A summary of the results from a full 
calibration of a range of instruments can then be used to 
evaluate their suitability for use for a particular purpose. 

The purpose of developing this system is to attempt to 
set up a calibration facility which satisfies the NAMAS and 
NATLAS requirements as set out in publications MlSl, M1S2 and 
M1S3, B0021, B0102 and M1 to MS3. The first system was 
installed at Bristol General Hospital in what was previously 
the Cobalt Teletherapy Suite in the old Radiotherapy 
Department in October 1987. 

These calibration systems are 
collaboration with Messrs Pantatron 
Gillingham, Kent. 
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A SELF-CONTAINED ENERGY & PULSE SHAPE 
LIQUID SCINTILLATION SPECTROMETER 

John W. McKlveen 
G. William Klingler 

Radiation Measurements Facility 
College of Engineering and Applied Sciences 

Arizona State University 
Tempe, Arizona 85257 

INTRODUCTION 

The increase in nuclear energy applications and the use of 
technically enhanced sources of radioactivity engenders a need for 
rapid, low-level techniques to detect and quantify alpha 
radionuclides. Existing methods often require extensive 
chemical separations, ion exchange and thin film deposition 
onto flat surfaces. Counting is performed with surface barrier 
or gas flow proportional instruments. Occasionally tracer 
radionuclides are needed to determine the variations in 
chemical procedures or plating efficiency while prepared 
standards are used to correct for self-absorption and 
backscatter. The existing methods may not be feasible for some 
applications or for field measurements. 

Liquid scintillation alpha spectroscopy is a viable 
alternative to the methods described above. Coupled with solvent 
extraction techniques, alpha emitter recovery and counting 
efficiency can approach 100%. The 4~ counting geometry eliminates 
backscatter and self-absorption. Pulse shape discrimination (PSD) 
signals may be used to segregate alpha particle from beta-gamma 
decay events. The concept is called Photon Electron-Rejecting 
Alpha Liquid Scintillation (PERALS) spectrometry. PSD alpha 
scintillation spectrometers have been developed and applied to the 
assay of uranium and thorium concentrations in phosphate 
fertilizers [Bo79 ,MeSO] and 210 Po in a uranium mill circuit 
[Ca81,McK83]. 

MODULAR PERALS SPECTROMETER 

The Radiation Measurements Facility at Arizona State 
University has attempted to develop a portable PSD alpha spectro
meter [Kl81]. The PSD circuit used in the portable system was 
designed by Thorngate [Th77,Th78]. However, the electronics 
suffered two instability problems, "walk" and "jitter". Walk 
refers to the trigger level of a measurement with respect to the 
amplitude of the peak; for example, a trigger level of 0.25 volt 
occurs at greater percentage of a 1.0 volt signal than a 10.0 volt 
signal. Jitter refers to the changes in the trigger level timing 
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due to fluctuations in the signal. To compensate for the 
instabilities it was necessary to perform frequent adjustments of 
several interacting potentiometers. A high speed oscilloscope and 
a pure alpha-emitting sample were needed to perform the 
adjustments. Therefore, it was decided to reevaluate the 
electronic schemes published by Thorngate and others. The 
objectives were to determine if the electronics in the PSD 
circuitry could be improved and the instabilities eliminated. 

The resulting electronic circuit incorporates the ideas of 
Alexander and Goulding [Al61] as well as Thorngate. Figure 1 is a 
block diagram of the new electronic scheme. Referring to Figure 1, 
the photomultiplier tube anode pulse (point A) is integrated by the 
pre-amplifier. The signal branches (point B) into an upper and a 
lower channel and an output which is delayed for 400 nanoseconds. 
The delay allows the integrated signal to reach its peak voltage 
(point E) . The upper and lower channels each contain a percentage 
of the non-delayed signal to be used in the compatators. The upper 
channel contains a larger percentage of the signal than the lower. 
The signals in the upper and lower channels (points C & D) are fed 
to separate comparators and produce a fixed fraction of the signal 
(points F & G) for use in the time-to-amplitude-converter (TAC) . 
The comparators trigger as the rise of the delay signal crosses the 
voltage settings determined by the upper and lower channels. The 
time difference between the comparator trip points is processed by 
the TAC and produces a PSD spectrum (point H) [Ca85]. 

Figure 2 is a diagram of the modular PERALS spectrometer. 
The spectrometer is six NIM modules wide. It contains a high 
voltage power supply, a photomultiplier tube, a sample holder, and 
the PSD and pulse-height amplification electronics. The unit fits 
into a standard 6 or 12 wide NIM bin. As shown in the figure, 
outputs from the PSD portion of the system may be sent directly to 
a multichannel analyzer (MCA) to provide gross alpha and betajgamma 
decay information. In addition, the PSD signal may be used to gate 
the MCA and reject all betajgamma decay events. Thereafter, only 
the alpha decay events from the energy pulse-height amplifier will 
be accepted by the multichannel analyzer. The resulting alpha 
energy spectrum does not contain any beta/gamma interference. 

Two figures of merit defined by Thorngate (Th77), the beta
gamma Rejection Ratio and the Background counts, may be used to 
evaluate the performance of the system. The Rejection Ratio is the 
unit's ability to reject the beta/gamma decay events occurring 
within the sample. Background is the unit's ability to reject the 
environmental betajgamma events. The new PERALS spectrometer 
exhibits a slightly improved Rejection Ratio over Thorngate's (our 
system = 99.98% , Thorngate = 99.95%) but had a higher, yet 
acceptable background (our system = 0.046 cpm, Thorngate = 0.002 
cpm). The new system has less jitter and walk and does not require 
frequent adjustment. It is hoped that the system will be 
commercially available in the future. 
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AN INEXPENSIVE DOSIMETER CALIBRATOR 

L.J. Filipow 
Dept. of Radiology & Diagnostic Imaging, 

Mackenzie Health Sciences Centre, 
University of Alberta, Edmonton, Alberta T6G2B7, Canada 

ABSTRACT 

A large Radiology department may have many room monitors, 
dosimeters, and survey meters. The cost of having all these 
devices calibrated yearly can amount to a large sum of money. 

This paper describes a purpose built, inexpensive calibrator 
which uses 241-Am as the source of radiation. The calibrator 
can be used to monitor changes in the response of any of the 
radiation detection devices in the department. It is designed 
to provide a range of exposure rates. The system is very 
reproducible and can accommodate a wide range of ion chamber 
shapes. 

241-Am emits a range of alpha particles and a 59.5 keV gamma 
ray, which falls nicely in the range of typical diagnostic 
x-ray energies. 241-Am has a half life of 432 years which 
provides a good degree of reproducibility without the need for 
constant decay correction. 

The use of the system is for monitoring changes in response 
of calibrated devices, and should not be considered to have 
eliminated the need for proper calibration from time to time 
by a Standards Laboratory. 
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:~IX l.:ll 1NIJJ~L LO\'/ ll/L::KGfWUND ALPHA .:OUN'l'l'Jl 

Zheng H.enqi, Ye Z.ude,and Dai Zhongde 

lnsti tute for lladiat.ion Protection, MNI. 

P.O.Ilox ·120, 'l'aiyuan, :3hanxi, P.FLo.CIIINA 

Frequently', it is requlret.l to analyse a fairly large number of 

:>::-1rnples for' '.Jeak alpha radioacti.vi ty in the field of radiat'ion pro

tection, health plly sics, envirorunental moni taring, food inspec:tion, 

nuclear medicine, radi.ohiology and geological prospec:tin~. 'l'he sam

ple is alvmys separated or enriched by some radiochemical processes 

and deposited ·to form a thin planar source, finally put it in a loW! 

background as:;ernbly for radioac·tivity measurement. In order to lower 

the minimum detec:tion limit, the cowuting time is ex:tended greatly, 

especially fnr HeAl< alpha activity, always: up to 24hours. foor this 

reason, a sort ot practical instrument must be stable, reliable, 

lov1 bacl';~roum.l, unsensiti ve to disturbance, easy to operate, able 

:;irnultaneous.Ly tu rnea:;ure sever·al :>arnples, able to continuously 

oper·ate longPr th;llJ ?l1 hours artd low production cost, that will suit 

the demand very well. 

Silicon- gold sucface barrier semiconductm' detec·tors are 

.chosen for alp11a detectors, because which are more firm, less 

auxiliary circuits and smaller in size than sc'intillation counters, 

and less sensitive to disturbance, less auxiliary installation and 

smaller in siZ'e than (jCid ionization chamber. 'l'he instnunent con

sisting of six detec·tors, might simultaneously and separately 

qount six srunples. Each detector look on to a planar source which 

is put into a shallow hole on a drawer. 

The signal from the detector is fed to a charge sensitive 

amplifier, then to alinear c·omplernentary voltage amplifier and a 

discriminator. All these linear circuits are designed in a low 

power consumptive mode and allm-1 to work at wide voltage range. 

The lastin::~ curret1t of each channel linear circuit is less tham~ 

one rnillicunpere at 7-9 volts. 
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In order to r·educc> the noi~:c:?, orcHn3.ry ·charge sensitive ampli

fier utilizes high mutual condur~ tance FET (field pffect transistor) 

and hc~nce larr·.e drain current l::> nec'ded. vJe USE' high f3 tcansistors 

v-11 th small stt-~ady cun·ent and get less noise to m<?et this instrument 

feature. 'rlw di:3cr i.minutor cons.ist of a FE'l', a thyristor and a tran

~;istc,c. 'l'he input i'N ,junction ot' UH? thyristor biases. tile l•'E'l'. Once 

U1e FE'll' is :-;et into conduc·ting sufficiently, it v1ill trigger the 

thyri:~ter. The detector and line':tr circuit of each channel is put 

i_nto an elec'tr'ic mcv:ne tic: sh iel<l inc; to reduce the interferer~_ce from 

each other and the eLL.'; turbance f1'0ill outside. 

'l''ne outpu l;s of six l.Lnc:ar circuit channels are fed to six 

sl;orage counters, I-ilLich are made of Cl'IOS integrated circuit for 

r·easons nf :>aving !)ower cmci rel LalJili ty. Each storage counter has 

four dec-.imal digit:; rmd <t overfJm·J sil_';rml. 'l'llere are only ow? de

coril?r' arHl utw '1 i :JI >Lty '-' i_ L.l1 liquiu ct·y~; tul for all ~>ix. ::; torage 

counters. 'l'ltey also share a self-test device and an auto-tiiCling 

rlevice, vJhich ba:>e~; on u quartz Lime circuit and the time interval 

are ·~, 1 , 5, 10, 20, 60, 100, 4UU, 1000, 1400 minutes optionally. 

Whole insnunenrl; is supplied by a set of six stor·age batteries 

or six dry cells, vii tll nei l:her voltage stabiliz-er nor step-up 

de_vice '· so Uta t no extra pol'ler is expended. Non-linking with mains 

pciv1er obtain two advantage: to <woid dis turbanc(J from mains net.

vJork, from \·Jhich majot·i ty interference come; to avoid losing the 

1inta just; in pi'ugrei,;s, this situation may happens in a mains 

supplied instrwnent, v1hile the rnians break off unexpectedly. 

Fresh recharged batte1·ies Ylill last 500 hours or longeF. If the 

'.'oltage supply lower lJelow some level, a special sign: will appear. 

'l'lte ou lv1ard. appcar•ance of the ins trurnent is same as a NIH 

standard b.i.n, VJith ~;ize 480!nm('d)x2l+Omm(ll)x:sL~Omro(D). 'l!he effec:tive 

sensitive si.ze of· detectors may be 12 nun, 16 nun or 20 rnm in dia

lneter optionally. The performance index: of mean instrument back

background .i c> 6, Ll or 10 counts per ::?_l1 hours respectively, and 

o.k\:ection efficie11cy for [-llcmar 2:Jt source is larger than 6o:~~, 65% 

or 70i~ respccti vely. 'L'hc: ac-tual measured mean background is 2.4, 
3.?, or /1,7 counts ppr· 11tOU mil'lillteu, and efficiency of 7 111111 diameter 
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Pu-239 planar source is 65.4}~, 7Lf.2;~~ and 79.1% respectively. Up to 

now, forty sets of six channel instrument are working sat~sfac

toriily. 
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THE DEVELOPMENT OF ENERGY COMPENSATED GEIGER MULLER DETECTORS. 
FOR THE QUANTITY AMBIENT DOSE EQUIVALENT 

David Barclay, 
Mullard Ltd 

New Road, Mitcham, Surrey CR4 4XY, UK 

and 

P.H. Burgess 
National Radiological Protection Board 

ABSTRACT 

Many national authorities are considering the adoption of the dose

equivalent quantities proposed in ICRU publication 39. Two of these, 

ambient and directional dose equivalent, are appropriate for use in 

survey instruments. Energy-compensated Geiger Muller detectors have 

been designed to measure the quantity ambient dose equivalent over the 

energy range 40 keV to 1.25 MeV. These detectors complement existing 

exposure measuring devices. The general principles of design, ma~erials 

and construction are described for four types, which cover in total the 

dose rate range from 1 ~Sv h- 1 to 10 Sv h- 1
• 
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RADIATION PROTECTION AT HIGH ENERGY HEAVY ION ACCELERATORS 

H.-P. Weise 
Bundesanstalt fUr Materialforschung und -prUfung (BAM), Berlin 

Unter den Eichen 87, D-10000 Berlin 45, Federal Republic of Germany 

INTRODUCTION 

The radiological impact in the environment of high energy 
accelerators is given by the following main contributions: 
1. prompt radiation consisting mainly of neutrons which originate 

from shields; 
2. activated air released from the accelerator building; 
3. skyshine of neutrons emitted into the air above the accelera

tor. 
Radiation exposure of the public due to activated ground 

water was found to be of no concern. Simple relationships have 
been derived which allow the calculation of the three dominant 
contributions to the radiation impact of heavy ion accelerators 
operating in the energy region between 0.4 and 2 GeV/nucleon. 

CALCULATION OF THE NEUTRON DOSE RATE OUTSIDE SHIELDS 

Assuming that the ion beam interaction zone can be regarded 
as a point neutron source (Fig. 1) the dose rate at the outer 
surface of the shield can be expressed in terms of the differen
tial neutron yield per ion of the source, the effective fluence to 
dose conversion factor and the effective dose transmission factor 
of the shield. For thick shields 
( > 500 g/cm 2

) the contribution 
of source neutrons below 100 MeV 
to the dose rate at the outer 
surface of the shield is only 
a few percent. Therefore to a 
good approximation the lower 
limit of the source neutron 
energy to be taken into account 
is chosen to be E0 = 100 MeV. 
The effective quantities 
were calculated by folding 
the appropriate data for 
monoenergetic neutrons with 
measured and calculated spec
tra of neutrons produced in high 

p 

- - - -_ --- - -_ - - -~: -
_- = -_--_V) _-_.:-=-=< -= .:-_ ~_\> 
- - - - -- - -- -

ion beam 

target 

Fig. 1 Shielding geometry 

energy heavy ion reactions [1]. Since the effective dose transmis
sion factor for P· d > 500 g/cm 2 can be described in terms of an 
exponential function and a dose buildup factor we obtain: 

H = K • 1 · J · exp [- (P'd) I A] -z 
r 
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The parameters K and A depend on the specific ion energy and 
on the neutron emission angle. Equ. (1) allows the straightforward 
estimation of the shield thickness P • d from the given dose rate 
limit. The necessary data are quoted in reference [1]. For compar
ison this method was applied to the lateral shielding of proton 
accelerators where other published data are available. 

TABLE 1 Lateral shielding of multi-GeV proton and heavy ion ac
celerators by ordinary concrete or soil. Ei specific ion 
energy in GeV per nucleon; [ p • d ] = g · cm-2 

. 
Reaction 

H( 8 = 90°)·r 2 IJ 
(1J.Sv·h-1·cm 2 ·s) Comments 

p thick iron 0.16·Ei·exp [-( P·d)l108] this work 
target 

0.39·Ei ·exp [- ( P· d) I 1 0 3] O'Brien-method 

0.16·Ei·exp [-( p•d)l117] Moyer-method 

Ne thick iron 5. 7. Ei•exp [-( P·d)l106] this work 
target 

2. 6. Ei·exp [- ( P· d) I 114] this work 

The various shielding formulas for protons are in satisfactory 
agreement. For thick concrete shields (p·d ~ 1000 glcm 2

) the cal
culated dose rates differ by no more than a factor of two. For 
heavy ion beams the lateral neutron dose attenuation length is 
nearly identical to the proton value but heavy ion reactions yield 
much more neutrons than proton interactions at the same specific 
ion energy. This is simply a consequence of the larger number of 
interacting nucleons in heavy ion collisions. With respect to 
radiation protection this means that for the same specific ion 
energy and the same beam intensity a multi-GeV heavy ion accelera
tor requires considerably more shielding than a proton machine. 

ACTIVATION OF AIR 

With respect to radiological impact only a few gaseous radio
nuclides are of concern. The most important reactions and their 
effective cross sections are summarized in Table 2. 

Radio-
nuclide 

T112 

Be 7 53.3 d 
c 11 20.4 min 
N 1 3 9.96 min 
0 15 2.03 min 
Ar 41 1. 83 h 

Targetnuclide 

N 14 0 16 Ar 40 

2.9 2.5 -
16 8.2 -
17 3.4 -

- 34 -
- - 660 
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TABLE 2 

Effective cross sections 
oeff ( > 15 MeV) in mbarn 
of nuclear reactions 
induced in air by sec
ondary particles pro
duced by interactions 
of 2 GeVIu heavy ions. 



The production of gaseous radionuclides can be estimated 
using an average spectrum (integrated over the emission angle) of 
secondary particles-predominantly neutrons - emitted from the beam 
interaction zone: 

"+ 
N = n • Q (>15 MeV)· Oeff (>15 MeV)· reff ( 2) 

N+ 
Q ( > 1 5 MeV) 

C5eff ( >15 MeV) 

production rate. 
source strength of neutrons with energies 
above 15 MeV. 
effective cross section of the activation 
reaction for neutrons above 15 MeV. 
effective radius of the activated air 
volume depending on the shape of the vol
ume and on the neutron angular distribu-
tion. 

The effective cross sections were derived by folding the 
energy dependent cross sections of the nuclear reactions with the 
average spectrum of neutrons with energies above the lowest thresh
old ( > 15 MeV). The influence of neutrons below 100 MeV is signif
icant because of their very large contribution to the total source 
strength and of the strong variation of the cross sections in this 
region. The yield of Ar 41 was estimated from the flux density of 
thermal neutrons in the accelerator void. From the yield of radio
nuclides the annual activity release from the different parts of 
the accelerator was estimated and used as the source term for the 
atmospheric dispersion. The main radiological impact is due to 
gamma submersion in the plume. The dominant contributions to the 
annual dose equivalent are caused by the positron annihilation ra
diation of the short lived radionuclides C 11, N 13, 0 15. For a 
heavy ion beam of J = 1·109s-1, 2 GeV/u Ne-ions absorbed in a thick 
iron target, the total annual activity release from a 1000 m3 tar
get room (ventilation rate: 10 h-1, beam time: 6000 h/a) is of the 
order of magnitude of 1012 Bq. At the location of maximum radiolog
ical impact the annual dose due to gamma submersion is about 1 ~Sv 
(stack height: 30 m) which is far below the dose limit for the pub
lic. Areas however where high intensity ion beams are absorbed 
should be supplied with an air circulation system in order to mini
mize the activity release and to keep the collective dose equiva
lent of the public as low as reasonably achievable. 

SKYSHINE 

In designing the shielding of the accelerator area it is 
important to consider neutrons which pass into the atmosphere and 
are scattered back to the earth thus contributing to the radio
logical impact. The skyshine dose rate can be described using the 
importance function of neutrons with given energy and emission 
angle for a certain distance from the source. Physically the im
portance function is the dose equivalent per source neutron pass
ing into the atmosphere. The data of ref. [2] were used for the 
evaluation of effective importance functions by averaging over the 
neutron emission angle and by folding the data for monoenergetic 
neutrons with the average spectrum of neutrons emitted from the 
interaction zone of a 2 GeV/u Ne-beam (Table 3). It is essential 
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to take into account low energy neutrons ( < 10 MeV) because they 
largely contribute to the skyshine. The importance functions in 
ref. [2] contain the contribution of photons produced in neutron 
interactions with air. The skyshine dose rate at distance r from a 
beam interaction zone without roof shielding is expressed as: 

Q (An ) 

(3) 

total source strength of neutrons emitted 
into the solid angle lW. 
effective skyshine function at distance r 
from the source. 

TABLE 3 Effective skyshine importance function (2 GeV/u Ne-beam) 

r (m) 50 100 300 500 1000 
-=========== ===================== ========== ========== ========= 
leff (r) 
ccSv·m 2 

neutron 
2.3·1o-13 2.3·1o-13 z.0·1o-13 1.4·1o-13 5.0·1o-14 

Using the data in Table 3 the skyshine dose rate caused by a 
target area without roof shielding was calculated from equ. (3) 
assumming that a beam of 109 s-1 2 GeV/u Ne-ions is absorbed in a 
thick iron target (Table 4). The effective source strength Q(~Q) 
of neutrons above 0.1 MeV emitted from the beam interaction zone 
into the atmosphere is about 6·1010 s-1. The influence of a roof 
shielding on the skyshine dose rate was evaluated in ref. [2]. 
Using these attenuation factors the results given in Table 4 are 
obtained. The results show that at high energy accelerators with 
large experimental areas at ground surface level the skyshine prob
lem needs very careful consideration with respect to the annual 
dose equivalent of the workers and of the population living in the 
vicinity of the accelerator site. 

TABLE 4 Skyshine dose rate (~Sv/h) caused by an experimental area 
without and with an ordinary concrete roof shielding 

r ( m) 50 100 300 500 1000 

ordinary --- 200 50 4.8 1 • 2 0. 11 
concrete roof 100 48 12 1 • 2 0.29 0.026 
shielding 200 10 2. 5 0.24 0.060 5.5·1o-3 
(g/cm 2

) 300 2.0 0.50 0.048 0.012 1.1·1o-3 
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ASSESSMENT OF OCCUPATIONAL EXPOSURES AROUND 
HIGH-ENERGY PROTON ACCELERATORS 

M. Hofcrt and J.W.N. Tuyn 
European Organization for Nuclear Research (CERN) 

1211 Geneva 23, Switzerland 

INTRODUCTION 

At CERN, the European Laboratory for Particle Physics, three 
high-energy proton accelerators are in operation: a 600 MeV 
Synchro-cyclotron (SC), a 28 GeV Proton Synchrotron (PS) and the 
450 GeV Super Proton Synchrotron (SPS). 

At present the Large Electron Positron (LEP) accelerator is 
under construction and will start in 1989 initially operating at 
51 GeV. In the meantime the 31 GeV Intersecting Storage Rings (ISR) 
for protons have been decommissioned (1984). In conjunction with 
the accelerators mentioned above occupational exposures to various 
types of radiation are of concern. As around nuclear reactors, the 
main source of radiation causing personal exposures is gamma radia
tion from activated accelerator components during accelerator shut
down periods. During operation of the accelerators, exposures to 
hadrons (mainly neutrons), covering a wide energy range in experi
mental areas, and to high-energy muons downstream of primary proton 
beam targets have to be considered. outside controlled radiation 
areas occupational exposures are derived from a system of passive 
thermoluminescence detectors (TLD) used for area monitoring, while 
inside controlled radiation areas individual dosimeters are worn. 
This paper describes the systems used at CERN for monitoring of 
exposures. 

INDIVIDUAL MONITORING 

Personal monitoring at CERN is still based on films. For 
gamma, beta, thermal neutron and muon monitoring the double-coated 
Kodak RM type 2 film is used. For evaluating the different radia
tion components, the CERN film badge

2
contains the following filter 

combi~ation: (1) plastic 80 mg/cm , (2) flastic and aluminium ~9 
mg/cm, (3) open windof, (4) tin 1070 mg/cm, (5)

2
lead 1260 mg/cm, 

(6) cadmium 1150 mg/cm ~pd (7) plastic 355 mg/cm . While the expo
sure free-in -air of a 1 Cs source serves as a reference for the 
calibration, the interpretation of the optical density pattern 
behind the various filters, as a result of a irradiation in the 
photon field of induced radioactivity, takes the backscatter from 
the wearer's body into consideration. Hence, a good match of dose 
results between the film badge and the pocket dosemeter is assured 
[ 1] . 

The presence of beta radiation or thermal neutrons is checked 
by comparing the optical densities behind the two thin plastic and 
aluminium filters or behind the cadmium and tin filters, respec
tively. Thermal neutrons are of no concern for personal exposures 
at CERN, while beta doses mainly occur during the assembly of large 
high-energy physics experiments containing depleted uranium. 
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Muons cause a ,ftackening of the gamma film about 20% lower 
than expected from a Cs exposure for the same dose equivalent 
[2]. Personal exposures to muons are only occurring in limited 
quantities. 

Personal dosimetry of hadrons (mainly neutrons) is still 
carried out with the Kodak NTA nuclear emulsion, since the stray 
radiation field outside the shielding of the CERN accelerators is 
composed of a broad spectrum of hadrons (up to the energy of the 
protons accelerated). Calibrations in such fields are carried out 
as a routine. Fading of latent tracks in the NTA film sealed by the 
NRPB under nitrogen is sufficiently low to enable the use of the 
nuclear emulsion during two-month periods. A two-monthly distribu
tion period is further justified by the low personal neutron doses 
normally encountered at CERN [3]. The (conservative) conversion 
factor used is 14 tracks per msv and mm2

. 

Attempts to replace the NTA film by solid-state nuclear track 
detectors like LR115 and CR39, to overcome e.g. the fading problem, 
have been made since 1972 [4,5,6]. High background and poor repro
ducibility did discourage routine use at CERN. 

AREA MONITORING WITH PASSIVE DETECTORS 

The dose distribution outside controlled radiation areas is 
determined with a TLD system having a

6
high neufron-to-gamma sensi

tivity. The system used consists of LiF and LiF (Harshaw TLD-600 
and TLD-700 chips) inside a cylindrical polyethylene moderator of 
12.5 em 0 x 1~.5 em, 90 that the neutrons after slowing down

6
are 

detected by the Li(n,a) He reaction. The read-out of the LiF 
detector is corrected fof gamma and charged particle background 
using the read out of the LiF detector, almost insensitive to 
thermal neutrons. 

A network of 178 TL monitors of this type is in use at present 
on both CERN sites on an annual read-out basis. The detectors are 
calibrated in the stray field itself using Andersson and Braun 
neutron rem counters and argon-air filled high-pressure ioniza~ion 
chambers at 13 different positions as reference detectors. The LiF 
calibration factor for stray neutrons is about five times higher 
per msv than for gamma ra9iation. The system is in use since 1973. 
The two pairs of 6 LiF and LiF detectors have so far been read out 
using a Harshaw Atlas reader. The same detectors will be evaluated 
from 1988 onwards, using the Alnor hot nitrogen Dosacus reader and 
corresponding detector holders. 

The neutron energy dependence of the response of such a small 
moderator system is not ideal with respect to dose equivalent 
measurements, but the system can still be used since the stray 
neutron spectrum below 10 MeV does not show too strong variations 
at sufficiently large distances (>100 m) from the shielding of 
primary proton beams [7]. 
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EVALUATED OCCUPATIONAL EXPOSURES 

Occupational exposures, as determined by both systems for the 
CERN population of 7363 persons (4791 under film-badge control) at 
the end of 1986, are summarized in Table 1. The collective dose for 
both CERN personnel and outside contractor staff under film badge 
control is given, together with the collective dose derived from 
isodose distributions as measured by the TLD system outside con
trolled radiation areas. An example of such an isodose distribution 
measured on the CERN Meyrin site is presented in Fig. 1. The 
collective dose derived assumes a presence of 21% of the time on 
lhe CERN site with no ~orrections applied for working indoors, so 
that a considerable overestimation may be present. 

The collective dose as given in Table 1 for the film badge 
results contains a contribution of neutrons (for CERN staff an 
average of 12%), while for the collective dose due to stray radia
tion, as measured with the TLD system, the average neutron contri
bution is about 83%. Table 1 shows that although the main source of 
occupational exposure is work on activated accelerator components 
inside controlled radiation areas (target and primary beam areas), 
the collective dose due to stray radiation, as determined by the 
TLD area monitoring system, is not negligible. The total detriment 
due to CERN operation, expressed in terms of total collective dose 
(film badge + area monitoring results), could be compared to the 
total number of protons accelerated annually at CERN by the PS. 
This accelerator has been the principal source of protons at CERN 
during the periods considered, whereby it supplied protons to ISR 
and SPS as well. The collective dose per accelerated proton, as 
given in Table 2, diminished between 1976 and 1986 by a factor of 
about 7, partly due to improved accelerator design and maintenance 
practices, as well as accelerator shielding. 
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Table 1 

Film-badge results TLD area monitoring 

Average Average 3 

Collective individual Collec;ti ve individual 
Year dose dose dose dose 

(man. Sv) 1 (mSv) 2 (man.Sv) (mSv) 

1976 4. 16 0.81 0. 16 
1977 4.62 1. 06 0.83 0. 17 
1978 3.65 0. 77 0. 80 0. 16 
1979 4.06 0. 84 0. 70 0. 14 
1980 3.08 0. 52 0.46 0.09 
1981 2.08 0.41 1. 30 0.24 
1982 1 . 83 0.34 1 . 4 7 0. 22 
1983 1 . 68 0.29 0.63 0.09 
1984 1 . 59 0.27 0.79 0. 10 
1985 1 . 67 0. 30 0.61 0.08 
1986 1. 52 0.27 0. 38 0.05 

1) CERN personnel and outside contractors 
2) CERN staff only 
3) Total CERN population outside controlled radiation areas 

Year 

1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

Total 

Table 2 
Collective dose versus number 

of accelerated protons 

collective 
1 

PS accelerated 
dose 

(man.Sv) 
protnls 

(X 10 ) 

4.97 2.76 
5.45 3.66 
4.45 6. 18 
4.76 6.99 
3.64 5.86 
3.38 5.08 
3.30 8.27 
2.31 9.68 
2.38 10.93 
2.28 9.78 
1. 90 7. 15 

1) Film badge+ TLD area monitoring. 
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Dose in sv per 
pro!-?Y 

(X 10 ) 

1.80 
1. 49 
0. 72 
0.68 
0. 60 
0.66 
0.40 
0.24 
0.22 
0.23 
0.27 
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THE RESPONSE OF SURVEY METERS TO PULSED RADIATION FIELDSt 

Richard C. McCall and Nisy E. Ipe 
Stanford Linear Accelerator Center 
P. 0. Box 4349, Stanford, CA 94305 

The response of most survey meters to steady radiation fields 
is fairly well known and documented. However hardly any data is 
available in the literature regarding the response of these instru
ments to pulsed radiation. Pulsed radiation fields are encountered 
e.g., in the vicinity of linear electron accelerators or klystrons. 
Linear accelerators can deliver pulses up to a few microseconds 
long at repetition rates of a few hundred Hz. The fraction of 
operating time during which the beam is on (i.e., pulse width x 
repetition rate) is called the duty factor (D.F.). Typically duty 
factors for linear electron accelerators are less than 0.001. 
These small duty factors impose severe limitations on the radiation 
detection instruments as is shown below. The peak or instantaneous 
intensity (Ip) will be Ip ~ Iav/D.F., or more than 1000 times the 
average intensity (Iavl. 

An instrument that ordinarily responds well to the average 
dose rate spread out evenly in time may not be able to cope with 
such a high dose rate. Instruments which have long dead times such 
as Geiger Mueller and proportional counters tend to become satu
rated in such fields and only count repetition rate. Ionization 
chambers are less influenced however, they must be operated with 
adequate voltage to overcome recombination losses. Scintillation 
survey meters may become non-linear at higher dose rates for pulsed 
radiation because the photomultiplier cannot handle the instanta
neous currents that are required. Because of the need to test the 
response of different radiation detection instruments to pulsed 
fields, a pulsed x-ray facility has been built (Ip87). A brief 
description of this facility is given below along with tests of 
several different instruments. 

Figure 1 shows a partial cut-away view of the pulsed x-ray 
facility. The major part of the x-ray tube is the electron gun 
which provides a stream of pulsed electrons that can be accelerated 
towards a combined target-window located directly below it. The 
window consists of aluminum 510 ~m thick plated on the vacuum 
side with a layer of gold 6.4 wm thick. The frequency of the 
electron pulses can be varied by an internal pulser from 60 to 360 
Hz with pulse widths from 360 ns to 5 us. The pulse amplitude can 
be varied over a wide range of currents. An external pulser can be 
used to obtain other frequencies or special pulse shapes. The 
voltage across the gun can be varied from 0 to 100 kV. The major 
part of the x-ray tube is enclosed in a large walk-in cabinet made 
of plywood lined with 0.32 em thick lead, thus adequate shielding 
is provided. 

A precision ionization chamber* (Farmer type) mounted directly 
below the x-ray tube facilitates remote readout of radiation levels 

----~------ . 
Model 30-351, Victorean Inc., Cleveland, OH 44104 
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inside the cabinet. Experimental data indicated that this chamber 
and the Radcal ion chamber* (useo with a 2025AC radiation monitor) 
were in good agreementtherefore, the readinos taken with the Radcal 
are considered to be the "true dose rate". The Radcal has a fairly 
uniform response between 30 keV and 1.33 MeV. 

A brief study was made of the response of a cylindrical GM 
counter to pulsed radiation. Because of a non-pulsed dark current 
from the x-ray tube, it was not possible to study this in great de
tail. However, 5 mR/hr of non-pulsed x-rays at 80 kV gave 410 
counts/second. An additional 5 mR/hr of pulsed x-rays at 100 Hz 
(pulse width = 2 vs) gave an additional 87 ± 11 counts/second. 
This shows that even at 5 mR/hr the GM counter is essentially only 
counting pulse repetition rate. 

The "Radector II" consists of a pressurized argon filled ioni
zation chamber (Neher White) which has a uniform response for 
photon energies between 80 keV and 1.2 MeV. Its response to pulsed 
x-rays (pulse width = 1 ws) at 100 kV (with aluminum filtration 
1.6 rom thick) at 100 Hz is shown in Figure 2. The response departs 
significantly from linearity for dose rates above 1 mGy/h. This 
is probably inherent in Neher-White chambers due to the low col
lecting voltage. Part of the spectrum of the pulsed x-rays was 
below the flat response range of the Radector and this caused it to 
read only 45% as high as the Radcal at low dose rates. 

The SLAC scintillation survey meter is built in house and con
sists of a Bicron air equivalent plastic scintillator doped with 
arscenic to increase the effective atomic number to that of air. 
Its decay constant is in the nanosecond range. Figure 3 shows its 
corrected response to pulsed x-rays (pulse width = 2 vs) at 70 kV 
and 120 Hz. The response begins to deviate from linearity above 
1.0 mGy/h. There are several causes of non-linearity in photo
multipliers. It is not certain but we believe the cause in this 
case is due to the photocathode resistance. The data has been 
corrected for the small difference in spectral response of the 
instrument from the ionization chamber. 

The Xetex 303B is specifically designed for use around pulsed 
radiation sources. It consists essentially of a calcium fluo
ride scintillator and a vacuum photodiode and has a response fairly 
independent of energy between 60 keV and 2 MeV. It's response to 
pulsed x-rays (pulse width = 2 vs) at 70 kV and 120 Hz is shown in 
Figure 4. The response is quite linear up to 40 mGy/h. The data 
is corrected for the somewhat low response of the 303B to this 
x-ray spectrum. 

*Model 20X5-180 Rad8al Corporation, Monrovia, CA 91016. 

I 87. 
p 

t 
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RADIATION ENVIRONMENT IN THE TUNNEL 
OF A HIGH-ET\TERGY PROTON ACCELERATOR 

AT ENERGIES NEAR 1 TeV 

Joseph B. McCaslin,* Rai-J(o S. Sun,* William P. Swanson,* 
Alexander J. Elwyn,** William S. Freeman,** 

Hans Jostlein, **Craig D. lvfoore, ** Peder .M. Yurista, ** 
and Donald E. Groom*** 

*Lawrence Berkeley Laboratory, RPrkeley, CA 94720, USA 
**Fermi National Accelerator Laboratory, Batavia, IL 60510, USA 

***SSC-CDG, Lawrence Berkeley Laboratory, Berkeley, CA 94720, USA 

Neutron energy spectra, fluence distributions and rates in the FNAL Tevatron 
tunnel are summarized. This work has application to radiation damage to electronics and 
research equipment at high energy accelerators, as well as to radiological protection. 
Preliminary studies and related work are described elsewhere [1, 2, 3]. 

EXPEHJMENTAL ARRANGEMENT 

Figures 1 and 2 show the experimental arrangement in the A-17 region of the 
Tevatron tunnel. A room-temperature straight section (11.95 m) is shown which had a 
controlled N2 leak in order to study neutron production as a function of beam-gas 
interaction rate during coasting beam conditions. Pressure was measured by a calibrated 
gauge near the leak and was controlled over the range I0-8 to I0-5 torr. The pressure in 
the adjoining cryogenic magnet chains, about 1 X I0-11 torr or less, was negligible by com
parison. A "triangular" N2 pressure distribution was assumed, i.e. , a linear decline in 
both directions from the leak, going to zero at the cryogenic interfaces. The interaction 
rate within the warm section was calculated to be 1.02 X I0-2 interactions per g cm-2 of 
N2 and per passing proton, based on a total cross section for N of 238 mb. 

Fig. 1. Plan view of experimental setup 
in the tunnel near A-17. (a) overall view; 
(b) spectrometer geometry. 
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A Bonner multisphere ueutmn spectrometer [4] was used, consisting of eight 
Lii(Eu) scintillation crystals (12.7 mm diam X 12.7 mm high), enriched to 99% 6Li, and 
surrounded by spherical polyethylene neutron moderators ranging in diameter from 0 to 
45.72 em. These detectors were coupled through photomultiplier tubes to an 8-input 
4096-channel analyzer. For spectral unfolding, the response functions of Sanna were 
used [5] in the program LOUI-n [6]. For some runs the eight detectors were fitted with 
identical 12.7-cm spheres to study the longitudinal distribution of neutron fluence. 

The Tevatron and :tviain Ring (MR) share a common tunnel (Fig. 2) [7]. Because 
the MR produced elevated radiation backgrounds, detectors were gated off during MR 
operation which accelerated protons from 8 to 150 Ge V. A standard current toroid 
served as beam monitor. 

Preliminary measurements were made in 1985 at a different location (A-48; not 
shown here), a low-loss region (small f3) representing "quiet" coasting-beam conditions of 
accelerator operation. Here, the spectrometer was deployed 14.2 - 17 .G m downstream of 
a 4-m long warm section containing a nominal pressure of 2 X w-s torr. Measurements 
were made during Tevatron operation at 150 and 800 Ge V, and during MR operation 
(only) at 150 GeV. 

NEUTRON FIELD IN THE TUNNEL 

Fluence rates as functions of gas pressure were measured along the tunnel over 
the range -19 s;z s; 3.5 musing identical 12.7-cm moderators surrounding each Lil scintil
lator. Figure 3 shows an example of a linear fit relating the counting rate to the gas pres
sure in the warm straight section for a 900-GeV proton beam. The slopes and intercepts 
from such fits for each location were converted to fluence rates per proton passing the 
measurement point and are plotted separately to show the distribution along z in Fig. 4. 
It is evident that the slope data (Figs. 3, 4a) are related to primary interactions within 
the warm section. There are variations (S. D. ~ 20%) which are not understood between 
the measurement sets shown (Fig. 4a). The longitudinal distribution of intercepts (Fig. 
4b) was found to be very similar in shape to that of the slopes, but the variance is much 
larger. 

Representative neutron spectra made using the Bonner spectrometer under five 
different conditions are shown in Fig. 5. The remarkable features of these spectra are: (a) 
the prominent peak in all distributions that lies in the few-hundred keV region; (b) the 
relatively few high-energy neutrons (about 10% and 1% of flue nee above 2 and 50 MeV, 
respectively); and (c) the average quality factor in the range Q = 6.9- 7.6. 

\Vith the spectrometer deployed as in Fig. 1 during 900-GeV operation, the slopes 
from fluence-vs pressure plots (Fig. 3) were used as input data to LOUI-n. This pro
cedure gives the spectrum of neutrons tmamuiguously produced in cascades initiated by 
primary interactions of protons on N2 of the warm section. The prominent peak is cen
tered at about 360 keV. The spectrum derived from intercepts of the same plots is 
related to primary interactions on materials in the vicinity other than introduced N2• 

The peak is centered at about 75 keV and can be compared with spectra obtained down
stream of A-48 (HJ85) at a gas pressure such that interactions in the warm section should 
not dominate. The spect.ra shown are for 150 and 800 GeV Tevatron operation and for 
MR-only operation at 150 Ge V. The peaks are centered at 280, 135 and 240 ke V, respec-
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tively. Vve do not fully understand the differences between peaks but point out that the 
primary interactions that do not occur on N2 most likely occur either on H2 or He in 
cryogenic sections or with machine materials. 

Monte-Carlo simulations performed by Gabriel et a!. (not shown here) are in good 
agreement with the spectrum of Fig. 5 derived from slopes [3]. They furthermore indi
cate that about 80% of the neutrons at 200 em from the beam line are albedo neutrons, 
i.e., scattered from tunnel walls. This was tested experimentally by repeating certain 
runs at 39 em from the beam line (Position 2, Fig. 2). The result was consistent with the 
expecLed radial distribution for the direct fluence, a.s.suming that the albedo fiuence i.s 
uniform acros.s the tunnel .section. 

Integration over the "slope" z -distribution of Fig. 4a and correcting for the 
albedo fiuence give.s a value 10 neutrons produced per 900-GeV proton passing A-17 and 
per g cm-2 of N2 target. A similar calculation based on an integration over the intercept 
z -distribution (Fig. 4b) give.s 7.4 x 10-0 neutrons produced per pa.s.sing 900-Ge V proton. 
\Ve caution the reader that thi.s latter value i.s not well understood, i.s .subject to the 
vaguerie.s of machine operation and will likely vary widely from place to place around a 
given accelerator ring. 

The above observations .suggest a common "filter" for the neutrons, regardless of 
the nature of the original interactions which produce the parent cascade. Prominent 
part.s of the filter mu.st be the iron magnet yokes a.s well as the concrete tunnel lining. 
The neutron field dominates the tunnel radiation field in term.s of absorbed close to tis
sue. Because of their capability of producing lattice defects and transmutations, neu
trons of energy En 2: 150 ke V are the most important potential cause of radiation dam
age to solid state electronic devices in accelerator tunnel environments .similar to those 
studied [1]. 

This work was partially supported by the U. S. Department of Energy under Con
tract No. DE-AC03-76SF00098 with the University of California. 
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25 YEARS RADIATION PROTECTION PRACTICE 
AT LOW ENERGY PARTICLE ACCELERATORS 

P.F. Sauermann, J. Knieper and H. Printz 
Nuclear Research Centre Julich, 

P.O.B. 1913, D-5170, Julich, Germany 

ABSTRACT 

Small high yield particle accelerators, such as neutron generators 
and minicyclotrons, are used in various areas of phvsical, chemi
cal and medical research. Since they are strong sources of neu
trons and y-radiation a number of radiation protection problems 
must be solved to achieve a proper protection of workers and envi
ronment. In our paper we give recommendations to solve these pro
blems according to our long practice. 

The main problems at neutron generators concern tho behaviour of 
tritium. Our paper informs about our experiences with the leakage 
of trit.ium into the environment with respect to transport, storage 
installation and chan~)(~ of high activity tritium targets. 
Furthermore, we inform about the release of tritium to the environ 
ment during normal operation of neutron generators and our measure 
to reduce tho releases. Finally, the procedures suitable for the 
conditioning of tritium in pump oils, cooling water and absorption 
cartridges are described. These procedures were also applied to 
the safe decomnissioninq of a neutron generator at the end of 15 
years of operation. 

At minicyclotrons three radiation protection problems are domina
ting: proper design of shiolds, induced activity and exposure to 
workers. In our paper we give recommendations for shield dcsi~n on 
the basis of our oxtensive attenuation measurements performed in 
the last twenty years. Furt:hermore we give recommendations for the 
planning of Ventilation systems which are in harmony with the 
ALl'.Rl\-principle. Since minicylotrons are mainly used to provide 
short-lived radionuclides t.he handling of the radionuclides possib
ly results in high whole bc•dy and hand doses to workers. Our paper 
gives a dose record for the years 1971 to 1988. 
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NEUTRON YIELD OF MEDICAL ELECTRON ACCELERATORS 

Richard C. McCall 
Stanford Linear Accelerator Center 
P. 0. Box 4349, Stanford, CA 94305 

Shielding calculations for medical electron accelerators 
above about 10 MeV require some knowledge of the neutron emission 
from the machine. This knowledge might come from the manufactur
er's specifications or from published measurements of the neutron 
leakage of that particular model and energy of accelerator. In 
principle, the yield can be calculated if details of the acceler
ator design are known (1). These details are often not available 
because the manufacturer considers them proprietary. A broader 
knowledge of neutron emission would be useful and it is the pur
pose of this paper to present such information. 

Patterson (2) reported that a fast neutron source placed in 
a cavity with thick concrete walls produced a nearly uniform field 
of thermal neutrons inside the cavity. They found that the ther
mal neutron fluence rate is given by the simple relation 

where ¢ 
Q 
s 

and k is 

kQ 
s 

thermal neutron fluence rate (n em 
fast neutron emission rate (n s-l) 
inside surface area of the cavity 
a constant equal to 1.26 ± 0.10. 

( 1) 

-2 -1 sec ) 

-2 (em ) 

A similar relationship has been found for scattered fast neutrons 
(3,4) and for scattered photons (5) when the source is a gamma ray 
source. While Eq. 1 would be expected to be strictly valid only 
for spherical rooms, Patterson found that it worked well for a 
cubical cavity. McCall (4) used the Mobte Carlo Code MORSE and 
measurements to show that for both thermal and scattered fast neu
trons, the typical radiation therapy electron accelerator rooms 
also gave adequate agreement with this representation. An obvious 
modification is to rewrite Eq. 1 so that Q is the number of neu
trons produced per photon rad delivered at the isocenter (n/rad) 
and ¢ is (n cm-2 rad-1). Using the above, it is possible to mea
sure the thermal neutron fluence per photon rad and the dimensions 
of the room and calculate the neutron yield of the accelerator. 
It should be noted that if the thermal neutron detectors are cali
brated by an exposure in a cavity in concrete with the aid of 
Eq. 1 and then used in the therapy room measurements, k cancels 
out in the calculations. 

During the course of the last 10 years, the author has made 
measurements of the neutron yield, Q, for many accelerators of 
different types. Some measurements were made while doing neutron 
surveys of the accelerators as a consultant. The rest, and larger 
fraction, have been made by mailing gold foils to medical physi
cists and asking them to make an exposure. The gold foils, along 
with the appropriate information concerning the exposure and rooms, 
was then mailed back for counting. The author is very grateful to 
the large number of people who have assisted in this project. 

142 



The gold foils used, 2.54 ern diameter by 0.00254 ern thick, 
were counted with a pancake G-M counter in a lead shield. Suffi
cient counting time was always employed so that counting statis
tics contributed less than ±3% S.D. The overall precision of the 
measurements is difficult to estimate. From MORSE calculations, 
it is believed that variation in room size and shape did not con
tribute more than ±10% S.D. Variations in the calibration of the 
accelerator output should conservatively be less than ±5% S.D. 
Normally, the Cd difference method was not used. Measurements in 
10 therapy rooms gave a Cd ratio of 2.1 ± 0.2 which was indistin
guishably different from that in our calibration facility. An 
overall precision of ±15% S.D. is a reasunable estimate. 

Systematic errors are also involved. The foils were cali
brated in a concrete cavity with a calibrated 238puBe source. Any 
error in this value is reflected throughout the measurements. It 
is possible that variations in concrete composition can produce 
different values of the constant k. This might be a function of 
the chemical composition of local sand and aggregates. 

Table I and Table II give the results of measurements on elec
tron linear accelerators and betatrons, respectively. In general, 
nominally identical accelerators gave very similar neutron yields, 
with a few exceptions. Popular machines tended to have more nearly 
the same neutron yield than those where only a few were made. This 
was presumably because the less popular machines were still under
going engineering changes from one serial number to the next. It 
should be noted that the numbers in the column labelled "Energy" 
are those provided by the user. Often the manufacturer guarantees 
a certain depth dose characteristic e.g., percentage of maximum 
dose rate at 10 ern depth in water and the listed energy is only 
nominal. 

It is striking that there is so much variation in neutron 
yield from one manufacturer to another for machines operated at 
the same energy- e.g., by a factor of 1.5-3.0 at 18 to 25 MeV. 
This is believed due to the following reasons: 

1. Varying beam loss before the electrons strike the target. 
2. Choice of material for the target and flattner. 
3. Deviation from the nominal energy in order to attain 

the desired depth dose performance. 
These results are good enough for many shielding calculations, 
e.g., when it is contemplated replacing an existing accelerator 
with a higher energy machine in the same room. 
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Table I. Neutron Yield of Linear Accelerators 

Neutron Yield 
Energy Per Photon Rad 

Type (MeV) At Isocenter Comments 

Varian Clinac 18 10 6.5 X 108 

10 5.7 X 108 
10 5.6 X 108 

Toshiba LMR-15 10 4.6 X 109 

Siemens Mevatron XX 14 7.7 X 109 
14 9.8 X 109 
14 8.2 X 109 
14 8.0 X 109 
14 8.0 X 109 

Varian Clinac 20 15 1.7x 1olo Water Phantom 
in Beam 

15 9.7 X 109 
15 8.9 X 109 

Varian Clinac 20 18 2.0 X 1010 } 
N~utron 

18 2.2 X 1o10 Shielding in 
Therapy Head 

18 3.5 X 1010 } No Neutron 
18 3.5 X 1010 Shielding 

Mitsubishi 18 2.3 X 1010 

Varian Clinac 1800 18 2.9 X 1010 
18 2.8 X 1010 
18 3.0 X 1010 
18 2.9 X 1010 

AECL Saturne (Therac 20) 18 4.1 X 1010 Heavy Con-

1010 
crete Unknown 

18 5.8 X 
18 5.0 X 1010 
18 4.8 X 1010 
18 5.5 X 1010 

Philips SL-75-20 15 1.5 X 1010 
16 7.9 X 1010 
17 l.lx 1011 

Borated Poly-18 8.0 X 1010 
ethylene Door 

1010 
in Room 

18 7.1 X 

Siemens KD 18 2.2 X 1010 
Foil was Close 20 3.2 X 1010 
to Large Poly-

1010 
ethylene Door 

20 2.4 X 
20 2.7 X 1010 

Varian Clinac 2500 24 2.8 X 1010 
24 3.1 X 1o1o 
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Table I (Cont.) 

Neutron Yield 
Energy Per Photon Rad 

Type (MeV) At Isocenter Comments 

Varian Clinac 35 25 1.2 X 1011 Older Design 
25 6.6 X 1010 

Ilmenite Con-25 6.6 X 1010 
crete Ceiling 
and Wall 

CGR Sagittaire 25 4.8 X 1010 
25 5.2 X 1010 
25 4.5 X 1010 
25 6.5 X 1010 
25 5.5 X 1010 

~1ade in USA of 
25 3.8 X 1011 

Diff. Manufact. 
CGR Saturne 25 l.Ox 1011 

AECL Therac 25 25 6.0 X 101U 
25 4.1 X 1010 

Philips SL-25 25 8.6 X 1010 
25 6.4 X 1010 

Table II. Neutron Yields of Betatrons 

Neutron Yield 
Energy Per Photon Rad 

Type (MeV) @ 1m From Target Comments 

Siemens 18 1.8 X 1o1o Barite Con-

1010 
crete Inserts 

18 1.1x 
18 3.4 X 1010 

Allis-Chalmers 22 5.6 X 109 
24 1.3x 1010 
25 1.1x 1010 
25 8.8 X 10 9 

Shimadzu 25 1.4x 1010 

Brown Boveri 32 6.5 X 109 

Siemens 42 3.2 X 10 9 Barite Con-

42 5.J X 10 9 crete 

Brown Boveri 45 3.7 X 109 

45 2.0 X 109 
Heavy Concrete 

45 3.3 X 109 

1010 
Unknown 

Scandi t.ronix * 50 6.5 X 
50 6.7 X 1010 

*Note: These two machines are microtrons rather than betatrons. 
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p-Be FAST NEUTRON ACTIVATION EXPERIMENT OF CONCRETE 

Akihisa Hara 
Technical Research Institute of Hazama-Gumi, Ltd 

4-17-23, Honmachi-Nishi, Yono, Saitama, Japan 

and 

Takashi Nakamura 
CYCRIC of Tohoku University 

and 

Yoshitomo Uwamino 
I.N.S of University of Tokyo 

ABSTRACT 

Concrete is widely used as a shielding material of a 
radiation operating facilitY~ But induced radioacttvuty in 
concrete irradiated by neutrons becomes a new radiation 
source~ which increase the radiation exposure of maintenance 
workers and the radioactive waste. These are the problems at 
facilitY operation and dismantling. The development and 
popularization of large scale accelerators makes these 
problems more serious while they produce many high energy 
neutrons. 

We measured the induced radioactivuty of concrete 
irradiated by neutrons~ which were produced by 20~ 30 and 
40-MeV proton bombardment of a beryllium target~ The neutron 
spectra were also measured~ and the experiment was performed 
at the SF cyclotron of the Institute for Nuclear Study~ 
UniversitY of tokyo, 
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ACTIVATION PRODUCTS OF A HEAVY ION ACCELERATOR 

Johannes Georg Festag 
Gesellschaft flir Schwerionenforschung mbH, Darmstadt 

Abstract: Heavy ions - carbons to uranium - are accelerated up to 
20 MeV/~ by the UNILAC (universal linear accelerator). 

Parts of the accelerater - the beam ducts, slits, apertures, 
Faraday-cups or the experimental devices are sometimes hit by the 
accelerated ions. The induced radioactivity is analyzed by y
spectrometry. 

Shortly after the irradiation a lot of nuclides is found -
partly depending of the accelerated ions - whereas after a cooling 
time of some month the determined nuclides are mostly known as 
activation products of proton accelerators. 

The UNILAC is able to accelerate heavy ions - carbon to 
uranium - up to 20 MeV/~. Almost each of the elements has been 
accelerated during the past years. A large part of the beam time 
very heavy ions - heavier than gold - are sent to the experimental 
devices. 

y-Spectra of parts dismantled from the accelerator or the 
beam pipes were measured. Short time after the end of irradiation 
nuclides as Se-75, Rb-83, Ag-llOm or some Hf-isotopes are found 
depending on the material of the irradiated part and the accele
rated ions. Generally only the well known nuclides near to the 
iron region are seen after some month of cooling time (1), as it 
is shown in the figure. 

There will be given some examples of y-spectra as a function 
of cooling time. 

It has not been tried to calculate the activity of the 
irradiated parts on behalf of the variety of accelerated ions, 
different energies from 5 MeV/~ to about 20 MeV/~ and the unknown 
portion of the beam hitting slits etc. 

1.) F. F. Szlavik, Activation of a 42 MeV Cyclotron; Health Physics 
of Radiation Generating Machines; CONF 86 02 106 
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EFFECT OF HYDROGENOUS SHIELDS ON 
THE AVERAGE ENERGY OF NEUTRON SPECTRA* 

R. C. McCall and T. M. Jenkins 
Stanford Linear Accelerator Center, Stanford, CA 94305 

In a previous work 1 , the authors and colleagues studied pro
blems of photoneutron transport in concrete rooms using the Monte 
Carlo transport program, MORSE2 and supporting experimental mea
surements. From this work, an empirical method of calculation was 
developed based on the average energy, E, of the neutron spectrum. 
This method has been described in NCRP 793 Using this method, it 
is possible to calculate the effect of metal shielding and also 
scattering inside a concrete room based on E,and to provide a suit
able conversion factor for converting fluence to either dose equiv
alent or to absorbed dose. For subsequent shielding, TVL's for 
polyethylene or concrete were given for two different geometries, 
one from the accelerator moderated by a heavy metal (sphere geom
etry) and the other from these same spectra modified by room scat
tering (long geometry). It should be noted that these TVL's are 
for shields where the thickness is great enough that there is an 
exponential decrease, and thus would overestimate attenuation in the 
first few centimeters (see, for example, Fig. 1). The neutron 
spectra used in this paper are as follows: 15W = photoneutrons from 
15 MeV on tungsten, 25W = photoneutrons from 25 MeV on tungsten, 
Cf = 252cf and 14W4W = photoneutrons from 14 MeV on tungsten sur
rounded by 4 inches (10 em) of tungsten. 

While the TVL's given in NCRP 79 are correct for a given E, 
provided the shield is thick enough, they do not give any insight 
into how the average energy of the neutrons changes with depth in 
either concrete or polyethylene shields. It was felt that some 
such information would be informative, and is the subject of this 
paper. 

When penetrating heavy elements, such as iron, lead or tung
ten, the average energy of the neutron spectrum decreases nearly 
exponentially at first, and then approaches a constant value at 
large thicknesses. This is expected since the major mechanism for 
energy loss is through non-elastic scattering [inealstic, (n,2n), 
(n,p), etc.]. In hydrogenous materials, however, the energy loss 
in most energy ranges is dominated by elastic scattering on hydro
gen nuclei. Thus, the macroscopic behavior may be quite different. 

Using the MORSE code, we have studied photoneutrons penetrat
ing heavy metals such as might be found in a medical accelerator, 
and then subsequently striking a concrete or polyethylene shield. 
These spectra have been used in two different geometries. The 
first is a spherically symmetric shield such as might be added 
around the accelerator head to reduce neutron fluence, or might be 
applicable to the accelerator room itself which has a direct view 
of the accelerator. The second geometry is that of a long tunnel 
or duct with the absorber at the end, representing the door at the 
outer end of a maze. In the former case, the neutron spectrum 

* Work supported by the U.S. Department of Energy Contract 
DE-AC03-76SF00515. 
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incident on the absorber is that from the accelerator (through the 
heavy metal shield) plus the room scattered neutrons. For this 
case, a range of values for E are of interest representing the dif
ferent source terms. In the latter case, only room scattered neu
!rons reach the absorb~r. For this case, only a single value for 
E is needed since the E of neutrons reaching a door down a maze is 
always in the neighborhood of 100 keV regardless of the acceler
ator energy. 

We have not found any simple empirical relations to describe 
the effect of hydrogenous shields on E. Instead, we present some 
graphical data which should be of some help in analyzing measure
ments. The spherical geometry results are shown in Fig. 2 for 
concrete and Fig. 3 for polyethylene. 

The graphs cover the range of thicknesses which might be re
quired for medical accelerator shielding. From the figures, we 
note that there is always an initial decrease in E followed by a 
slow hardening of the spectrum with increasing depth in the shield. 
This is consistent with the removal of the lower energy neutrons 
early in the shield. 

Figure 4 shows the average energy outside a polyethylene 
lshield in a geometry such as a door into a maze. Again, we see the 
rapid decrease in the E followed by a gradual increase in E. The 
attenuation of dose equivalent through such a door closely follows 
an exponential with the TVL's as given in NCRP 79. When using a 
fluence detector to determine neutron leakage through the door, it 
may be easier to measure with the door open and calculate the re
sult with the door closed rather than try to correct for the ef
fects of the changing spectrum through the door. 
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Figure 1. Transmission of 25W and 15W spectra through spherical shields. 
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BROAD BEAM ATTENUATION AND HALF VALUE LAYER 
DETERMINATION IN BARYT CONCRETE FOR 150-400 KV X-RAYS 

Dj. Ristic*, P. Markovic**, s. Vukovic* 
*Radiation Protection Department 

"Boris Kidri~" Institute of Nuclear Sciences, Vin~a 
P.O.Box 522, 11001 Belgrade, Yugoslavia 

**Physics Department, University "Svetozar Markovic", 
Kragujevac, Yugoslavia 

1. INTRODUCTION 

Using broad beam geometry, the attenuatio properties for baryt 
concrete, made out of domastic baryt and on our own prescription (1), 
have been studied for constant Y-rays potentials from 150-400 KV. 
The density of the used baryt concrete was 3,6x10 3 kg/m 3 • From the 
experimentally obtained attenuation curves, the half value were de
termined, and presented in the paper. 

2. GEOMETRY, EQUIPMENT AND INSTRUMENTATION 

The measuring geometry is shown in Figure 1. This geometry is 
to some extend result of our own experience in this field (1) but 
also it meets all requirements of the IEC recommendations for de
termination of the protective properties of materials used for the 
protective shielding against X-radiation of radiation quality up 
to 400 KV (3). 

As a source of X-radiatio two types od X-ray equipments, with 
constant tube voltage, were used. Physical characteristics of the 
useful beam are shown in table 1. 

The attenuation material consisted of sheets of baryt concrete 
50x50 em square. Its thickners varied from 1 to 5 em, and density 
of samples was 3,6x10 3 kg/m 3 • 

Data were taken to establish adequate size of the beaPi to in
sure "broad beam'' conditions. Results are shown in Figure 2. A 40cm 
square field was found to be adequate one, what agrees rather well 
with other authors. 

Measurements were performed by Victoreen ionisation chambers 
model 130, 227, 683 nad 228. 

3. RESULTS 

The Baryt concrete attenuation curves for kilovotages from 150 
to 300 KV are shown in Figure 3, and those for 300, 350 and 400 KV 
in Figure 4. 

From these experimentaly obtained curves the half value layers 
for the examined baryt concrete were determined. Otained results 
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Table 

KV 

150 
200 
250 
300 

300 
350 
400 

1 . Physical 

Total 

,":'ig. 1. 

1500 

1000 

100 
I I 

Geometry [or 8aryt Concr•t• broad 

beam atten~ation ~•asurs~nte. 

characteristics of the useful 

First Second Homogenity 
filtration half-value half-value coefficient 

beam 

C/kg·S·rnA Ro tube 
at 1 m type 

layer layer (d1/2)2/(d1/2)1 
(d1/2)1 (d1/2)2 

6 mm Al 

3 mm Be 

in mm in mm 

27,00 73,75 2,73 
34,25 101,00 2,95 
42,00 125,00 2,98 
45,50 160,00 3,52 

10,00 23,00 2,30 
12,50 28,30 2,26 
15,20 32,70 2,15 

side of S uarc Fiel2J en 

.. 20 JO 
., ,. 

1 i;,;.~:. :.elaiiPt! tran:;rritted Exposure Rate oG a ftmctio'l 

r•[ :;ir.~ of cquare Jie[d at 5~4G em Far~t Concrete 

1617' 10 
2805,23 CMA 306 
4009,00 (ANDREX) 
5567,44 

18366,41 "ISOVOLT 430" 23741 '14 (SEIFERT) 27397,73 



are presented in table 2. These values were obtain~d for the end 
points of attenuation curves. 

Table 2. Half-layers values for baryt concrete ( p = 3. 6x 10 3 kg/m 3 ) 

for broad X-ray beam 

Voltage 
(kV) 

150 
200 
250 
300 

300 
350 
400 

Values of half-layers 
(err.) 

1. ?50 
2.750 
4.275 
6.065 

5.950 
7.275 
8.350 

4. REFERENCE 

Remark 

Ro tube: CMA 306 
Filtration: 6 mm Al 
Radiation beam: 40x40 em 

Ro tube: "ISOVOLT 420" 
Filtration: 3 mm Be 
Radiation beam: 45x45 em 

1. Dj. Risti6, Doctors Disertation, University ''Svetozar Markovi6", 
Kragujevac, June 1985. 

2. Dj. Risti6, P. Markovi6, S. Vukovi6, Buil-up factors for baryt 
concrete for X-rays generated at voltages up to 400 kV, Proce
edings of the XIVth Regional Congress of IRPA, September 29 Oc
tober 2, 1987, Kupari-Dubrovnik, Yugoslavia. 

3. International Electrotechnical Commission, Sub-committe 62B, 
X-ray Equimpent Operating up to 400 kV and Accessors, November 
1979. 
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NEW GAMMA-RAY BUILDUP FACTORS 
INCLUDING THE EFFECT OF BREMSSTRAHLUNG 

M. Abou Mandour and E.Ghanem 
Dept. of Nuclear Engineering, Faculty of Engineering, 

Alexandria University, Alexandria, Egypt 

ABSTRACT 

Despite the simple manner by which the transport equation can 
be derived, the solution of this equation is, however, difficult 
to obtain on an exact form unless certain restrictions are to be 
applied, which may consequently lead to unefficient solutions. 
This reason, together with the complicated calculations to be done 
every time the transport equation is to be solved, led to the 
development of the concept of the buildup factors. Applying 
the concept of the buildup factors, the radiation transport 
calculations can be easily reduced to the use of the buildup 
factors for the nuclear responses being calculated. 

The concept of the buildup factors has been considered since 
1951 and a large set of buildup factors was obtained. In most of 
those calculations, an important process in the Gamma-ray transport 
through media, which is the bremsstrahlung process through which 
secondary photons are emitted by energetic electrons, was neglected. 

The effect of the bremsstrahlung on the buildup factors was 
investigated in a somewhat approximated manner through a few 
papers. Nearly, in all of them, the process was considered as the 
average of multi-collision processes between the electron and the 
medium atoms. However, because of the importance of this effect, 
especially at high photon energies and for heavy materials, a more 
exact treatment is developed in this paper. 

In this treatment, the bremsstrahlung is treated as a single
collision process. The calculations are carried out using the 
Monte Carlo method, in which the complete photon-electron-photon 
cascade is considered. The dose-buildup factors are calculated 
for different source geometeries: Point isotropic, plane normal 
and plane inclined sources and with photon energies of 6.0, 8.0 
and 10.0-Mev. Two media are selected, lead and tungesten, as 
irradiation media. 

The results show that the. values of the buildup factors are 
increased by a factor ranging from 120% to more than 200% 
depending on the initial photon energy, the medium material, and 
the depth inside the medium. Good agreement is achieved in 
comparing the results with the experiments. 
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IilTJAN RESPIRA'IDRY TRACI' IViJDEL FOR RADIOiffiiCAL 
PROI'EX:TION - A RE.VISION OF THE ICRP DOSIMETRIC 

t-1CDEL FOR THE RESPIRA'IDRY SYSTEM 

w. J. Bair* 
Battelle Pacific Northwest Laboratory 

Richland, Washington USA 

The need for standardized values for various pararreters describing the 
inhalation, deposition, retention and translocation of airborne radionuclides 
in workers for the purpose of deriving exposure linti.ts was addressed in 
Tripartite Conferences on Radiation Protection from 1949 to 1953 (NVO 1984). 
At conferences held at Chalk River, Canada, September 29-30, 1949, and at 
Arden House in Harriman, New York, March 30-April 1, 1953, agreement was 
reached on a model for calculating radiation doses resulting from inhalation 
of radioactive aerosols when specific data were not available. This model 
was used in the 1959 report of the ICRP Corrmittee II on Pennissible Dose for 
Internal Radiation (ICRP 1959) . It was assumed that 50% of an inhaled 
aerosol is deposited in the upper respiratory tract, 25% is exhaled and 25% 
is retained in the lungs. For soluble particles, it was assumed that the 25% 
is absorbed and translocated to other tissues in the body. For insoluble 
particles it was assumed that 12.5% is cleared in 24 hours and the remaining 
12.5% is retained in the lungs with a half-tine of 120 days. 

This simple model of deposition, retention and clearance of inhaled 
aerosols was the basis for the limits for exposure to radionuclides and for 
calculations of doses to exposed individuals for both assessment and predic
tive purposes until ICRP Publication 30 appeared in 1979, using much nore 
sophisticated dosinetric and rretabolic; models (ICRP 1979). The model used 
was a slight modification of that published in 1966 by a special Task Group 
on Lung Dynamics of ICRP Comnittee II, chaired by Dr. Paul furrow (ICRP 
1966). ~lajor innovations were introduced by this task group, including a 
deposition model not only based on but using dust sampling data. Deposition 
was described for three anatomical corrpartrrents, which had both physiological 
and radiobiological implications. The model made possible consideration of 
both particle size of inspired aerosols and respiratory rate with respect to 
fraction deposited in each region: nasal, bronchial and pulnonary. 

A quantitative kinetic clearance model was introduced that accounted for 
material deposited in each of the three regions. Perhaps of greatest impact 
was the classification of chemical carpounds according to est.imcltes of their 
expected tendency to be retained in the respiratory tract. This is the D, W, 
Y classification; D class for those carpounds expected to be cleared from the 
respiratory tract with a half-tine less than 1 day; W class for carpounds 
with clearance half-tine of a few days to nonths; and Y class for carpounds 
that are expected to be retained with half-tine of 6 nonths to years. This 
model also provided for the transfer of inhaled particles to the thoracic 
lyrrph nodes. The effort of the task group was a major scientific accarplish
rrent. It used and expanded upon the total relevant technical data available 
and reflected the out.standing expertise and extraordinary insight of the 
members. 

*Work supported by the U.S. Departrrent of Energy under Contract DE-AC06-76RID 
1830 
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The deposition and retention models developed by the task group provided 
a sound scientific basis for ICRP Conrnittee II to calc."Ulate radiation doses 
from inhaled radionuclides leading to recormendations tor Annual Limits on 
li1take and Derived Air Concentrations that appeared in Publication 30. Task 
group models went further than Corrmittee II was prepared to go in sorre areas, 
such as the transfer of radionuclides to thoracic lymph nodes (C£nmittee II 
elected to combine the lymph nodes and lungs), but failed to address others, 
such as the nasal passages. However, the anissions were insignificant 
corrpared with the magnitude of the advances in kno.Yledge of inhaled particles 
stimulated by the task group's report. After publication of the 1966 report, 
research on the deposition, retention, clearance and translocation of inhaled 
aerosols intensified with studies on both humans and experi.rrental animals. 
This new knowledge led to the ICRP' s decision to initiate a review of the 
dosimetric model for the respiratory tract and a possible revision or devel
oprent of a new model. In 1984, the ICRP appointed a task group of C'..omni ttee 
II to undertake the assignrrent. The members of the task group were selected 
to assure that the broad spectrum of biological, physiological, chemical, and 
radiological aspects of inhaled radioactive aerosols could be ccxnpetently 
addressed. The members of the multinational task group are Fredrick Cross, 
Richard CUddihy, Peter Gehr, Anthony Jarres, John Johnson, Roland Masse, 
r-:bnique Roy, \villi Stahlhofen, and William Bair, Chairmm. In addition, 
numerous corresponding members were invited to provide technical assistance 
and to review drafts of the report. The follo.Ying describes the status of 
the effort in October 1987. The dosi.rretry model eventually adopted by the 
ICRP may be quite different, since much work remains to be done. 

Following a review of the current ICRP lung model, a basis was estab
lished for a revision. Principal inadequacies of the curr~1t model would be 
addressed, such as calculation of radiation doses to the nasal and oral 
passage~; replacement of the D, W, and Y classification system for clearance 
of inhaled materials where adequate information is available; and calc"Ulation 
of doses for inhalation of gases. The revised model would use new knowledge 
of deposition and retention of very small particles (well below 0.1 fliT\ 
diameter), regional deposition of inhaled particles, the distribution of and 
absorption of inhaled gases, and clearance kinetics for numerous radioactive 
compounds determined in humans and experimental anllna.ls. Kno.Yledge of the 
morphology and the physiology of the respiratory tract has increased, the 
relative regional ser1sitivities of the respiratory tract to cancer induction 
is better understood, and dosirretry modeling concepts and approaches have 
greatly expanded. The major developrrents in carputer technology during the 
last few years have opened numerous possibilities for not only modeling the 
intake of radioactive materials but also utilizing the model for projecting 
and assessing radiation doses. The task group determined that a new model 
should facilitate calculation of biologically rreaningful doses; should be 
consistent with morphological, physiological and radiobiological characteris
tics of the respiratory tract; should incorporate current knowledge; meet 
radiation protection needs and be user-friendly by not being too sophisti
cated; should be adaptable to develop-.-ent of conputer software to allow 
calculation of relevaut radiation doses fran knowledge of a few readily 
rreasured exposure parameters; should be equally useful for assessrrent pur
poses as for C'.-aleulating ALis; should apply to all rrembers of the world 
population; and should consider the influence of srroking, air pollutants and 
disease. 

The task group's approach was to converge separately developed morpholog
ical, radiobiological, physiological, deposition, clearance, dosirretric, and 
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bioassay considerations into a corrprehensive multiparaneter dosinetric rrodel 
for the conplete respiratory tract. All will be addressed in considerable 
detail in the report. An anatomical representation of the rrodel is shown in 
Figure 1, along with the regional conpartnents that can be identified with 
respect to measuring deposition, clearance and retention of inhaled aerosols 
and to tlte occurrence of neoplastic diseases, the somatic effects of princi
pal concern in radiation protection. These compartments are the extrathor
acic, El', conprising the nose, rrouth, pharynx and larynx; the thoracic 
fast-clearing region, T(f), comprising the 0 through 16th airway generation 
(trachea through the terminal bronchioli); and the thoracic slow-clearing 
region, T(s), comprising the 17th through 23rd ainvay generation (respiratory 
bronchioli through alveolar sacs) plus the thoracic lymph nodes. 

Since the revised lung rrodel is to be applicable to essentially all 
rrembers of the world's population under both "IIJOrking and nonworking condi
tions, reference values for numerous physiological parameters will be given. 
Lung volumes, flow rates and respiratory rates either will be given for 
caucasian, Asian and African wale and females of varying height and weight as 
a function of age, or guidance will be provided for deriving these values for 
use in calculating radiation doses to the respiratory tract under conditions 
of interest. The rrodel will apply to botil oral and nasal breathing, separate
ly and in canbination; e.g., a.t. ventilation rates sever:al tines the resting 
value, it will be assurred that half of the intake is through tile nose and 
half through the rrouth. The task group considers it necessary that the 
doslinetric model accommodate a wide range of physiological parDQeters because 
they influence the arrount of radioactive gases and particles insJ,.>ired from a 
contaminated environment, as well as regional and total deposition of part
icles within the respiratory tract. 

The proposed revised rrod.el addresses inhalability of aerosols and 
deposition in extrathoracic tissues such as the nasal passages, pharynx, 
larynx, and vocal cords. Deposition in thE:: T(f) region is assumed to include 
material rapidly cleared essentially by mechanical processes from airway 
generations 0 through 16 (Figure 1). Deposition in the T(s) region includes 
material slowly cleared from airway generations 17 through 23 by both mechan
ical and solubilization processes as well as naterial infinitely retained 
such as ir1 lyrrphatic tissues. calculation of deposition of particles in 
these regions as well as in various tissues witl1in these regions will be 
based on rrorphometric nodels and e>."P8rimental data from human subjects 
inhalirlg test aerosols over a broad range of particle sizes. 

ln the proposed model, clearance of particles is ca:1petitive, occurring 
either by mechanical or absorption processes, and is assuned to be nonlinear, 
with excretion a tine-varying factor of tile residual arrount. I'-Echanical 
clearance rates will be obtairled from studies with human subjects. For 
compounds for which reliable human data exist or for which data can be 
extrapolated from animal experiments, the rrodel will use observed rates of 
absorption. For other compounds, default values will be used based on the 
current D, \'1, and Y classification system. .Mathernat.ical models for calculat
irlg radiation doses to various tissues of the respiratory tract will be 
developed irlcorporatirlg expressions describing the deposition and retention 
of radionuclides. Rather ilian treating the lung and lymph nodes as a single 
organ and calculatirlg an average dose, the revised model will provide for 
calculating doses to tissues in all m1atomical regions identified in Figure 
1. To provide some perspective to the calculated doses, the task group will 
assess the relative sensitivity of these tissues to the induction of cancer 
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FIGURE 1. Proposed Revised ICRP Lung Model 

by radiation. This will also be useful in future partitioning a weighting 
factor that might be assigned to the total respiratory tract for calculating 
effective dose equivalent. The calculation of doses will follow the rrethod 
of ICRP 30 in which the corrrnitted dose equivalent in a target tissue is 
deterrraned by tl1e energy absorbed per unit mass from the radiation emitted 
from a source organ. Cc::a-r{lared with the current rrodel, the proposed rrodel is 
expected to simplify calculatu1g respiratory tract doses from bioassay data. 
The task group expects computer software will facilitate but not be necessary 
for using the revised dosirretric model for the respiratory tract. 

This work is being coordinated with a similar effort undertaken by the 
National Cotu1cil on Radiation Protection and r~asurerrents in the United 
States to minimize differences in the respiratory tract dosirretric models 
adopted by the two organizations. 
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OSTEOSARCOMA INDUCTION BY PLUTONIUM-239, AMERICIUM-241 AND NEPTUNIUM-237: 
THE PROBLEM OF DERIVING RISK ESTIMATES FOR MAN 

David M. Taylor 
Kernforschungszentrum Karlsruhe, Institute for Genetics and Toxicology, 

D-7500 Karlsruhe 1, F.R.G. 

Spontaneous bone cancer (osteosarcoma) represents only about 0.3% of all 
human cancers, but it is well known to be inducible in humans by internal 
contamination with Radium-226 (1) and Radium-224 (2). Plutonium-239, 
Americium-241 and Neptunium-23"/ form, or will form, the principal long-lived 
alpha particle emitting components of high activity waste and "burnt-up" 
nuclear fuel elements. These three nuclides deposit extensively in human bone 
and although, fortunately, no case of a human osteosarcoma induced by any of 
these nuclides is known, evidence from animal studies suggests that all three 
are more effective than Radium-226 in inducing osteosarcoma (3, 4, 5, 6). The 
assumption that the ratio of the Risk Factors, the number of osteosarcoma 
expected per 10000 person/animal Gy, for Radium-226 and any other bone-seeking 
alpha-emitter will be independent of animal species has formed the basis of 
all the important studies of the radiotoxicity of actinide nuclides in 
experimental animals (7) . The aim of this communication is to review the Risk 
Factors which may be calculated from the various animal studies carried out 
over the last thirty years with Plutonium-239, Americium-241 and Neptunium-237 
and to consider the problems which may arise in extrapolating these Risk 
Factors to homo sapiens. 

Data on osteosarcoma induction by each of the three actinide nuclides are 
available only for rats, but information for Plutonium-239, 238 and Americium-
241 has been obtained in mice and beagles. Some of the beagle studies are not 
yet completed and some of the rodent data were obtained only at relatively 
high radionuclide doses; however, sufficient information is now available to 
make a provisional evaluation of the likely Risk Factors for man for the three 
most important actinide components of the nuclear fuel cycle. 

The 
studied 

radiotoxicity of Plutonium-239 
by Soviet workers (4,8) and 

and Americium-241 
by Taylor et al 

in rats 
(3, 9) 

has been 
following 

intravenous injection of activities which yielded an averaged radiation dose 
to bone of about 7 Gy. For each of these nuclides the various sets of data may 
be combined to yield single Risk Factors for Plutonium-239 and Arnericium-241 
of 440 (Standard Deviation (SD) 50) and 230 (SD 30) respectively. The 
difference between these values is statistically significant and suggests that 
Plutonium-239 is 1.9 (SD 0.2) times more effective in inducing osteosarcoma 
than Arnericium-241. 

Data for Neptunium-237 are much less extensive and come from studies by 
Soviet workers (6) and by Wirth (10). A single large US study following 
inhalation of Neptunium-237 yielded no osteosarcomas (11) . From the Soviet and 
German data Risk Factors for the male and female rat combined have been 
calculated as 1200 (SD 150) at an average bone radiation dose of 3-5 Gy; 2900 
(SD 450) at 0.7-1.0 Gy and 3700 (SD 1200) at <0.15 Gy. These results suggest 
that Neptunium-237 may be more carcinogenic than Plutonium-239 and that there 
may be a trend towards higher Risk Factors at lower average absorbed alpha 
doses to bone. 

Studies of the relative radiotoxicity of Plutonium-239 and Arnericium-241 
in mice have been made by the Salt Lake City Group (12,13). These studies show 
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no clear evidence for an effect of radiation dose to bone on the calculated 
Risk Factor and, for averaged doses to bone in the range 3 to 13 Gy, Risk 
Factors of 730 (SD 70) for Plutonium-239 and 270 (SD 50) for Americium-241 
have been calculated. In this species Plutonium-239 appears to be 2.7 (SD 0.2) 
times more effective than Americium-241 for the induction of bone sarcoma. 

The most valuable information will come from the as yet uncompleted 
beagle studies in the United States. However, due to the kindness of the 
groups in Salt Lake City and Richland in publishing extensive data on the 
progress of their studies it is possible to make provisional estimates of the 
Risk Factors for Plutonium-239, Americium-241 and Radium-226 at various dose 
levels. It must be emphasised that the values which will be discussed in the 
following paragraphs are provisional since they are based on the present 
author's analysis of data which have not yet been fully analysed by the 
original investigators. 

The Risk Factors calculated for beagles are shown graphically in 
Figure 1. All three nuclides show Risk Factors which are significantly higher 
at low average alpha radiation doses to bone, as compared to higher bone 
doses. This effect is most marked for Plutonium-239 and is least for 

5000 

0 
0 

Ra-226 
1- - - - - --~-~~ =-~--=-=---~~~-

AVERAGED RADfATfON DOSE TO BONE {Gy] 35 

FIGURE 1 Calculated Risk Factors for osteosarcoma induction in beagles as a 
function of radionuclide and average alpha radiation dose to bone. 
Closed symbols- intravenous injection {5), 
open symbols - inhalation (14). 



Radium-226. Particularly noteworthy are the very different ranges of bone dose 
over which the maximum risk is observed for the different nuclides. For 
Plutonium-239 the dose range is very narrow, about 0.1 to 2 Gy, as compared to 
about 1.5 to 6 Gy for Americium-241. For Radium-226 the calculated Risk Factor 
is similar (400 SD 60) up to about 25 Gy but reduces to about 170 and about 60 
at average bone doses of 40 and 155 Gy respectively. At average bone doses of 
about 1.2 Gy Plutonium-239 appears to be about twice as carcinogenic as 
Americium-241 (Pu/Am = 2.3 (SD 0.2)), but at the two higher doses shown in 
Figure 1 this difference disappears. The risk Factor for Plutonium-239 in the 
bone dose range 0.1 to 2 Gy for the Utah beagles, which received single 
intravenous injections (5), is closely similar to those which may be 
calculated from the data of Park (14) for beagles which inhaled either 
Plutonium-239 nitrate or Plutonium-238 oxide (these values are shown as open 
symbols in Figure 1) . 

All the Risk Factors discussed above were calculated for adult animals, 
for young adult dogs Mays et al (7) have calculated a Risk Factor of 7700 
(SD 1200) at bone doses <1 Gy, a value about double that shown in Figure 1. 
Thus the possibility that age may significantly affect the Risk Factor cannot 
be excluded. 

The quite large differences in the ranges of averaged bone dose over 
which Plutonium-239, Americium-241 and Radium-226 apparently exhibit their 
maximum risk highlights the importance of a detailed understanding of the 
microscopic distribution of alpha particle radiation dose and the development 
of cell-specific dosimetry for each bone-seeking radionuclide (15). Such 
models are under active investigation for the above nuclides in beagles, but 
for Neptunium-237 it appears probable that any such cell-specific model will 
have to be developed from studies in rat bone, a tissue with characteristics 
rather different from human bone. 

The data in Figure 1 show that for radiation protection purposes it is 
necessary to calculate the Risk Factors from animal studies involving the 
lowest meaningful bone dose levels available. It must also be recognised that 
the Risk Ratios for pairs of radionuclides may also vary with the averaged 
alpha dose to bone. From the human data for Radium-226 (16) at bone doses of 
<14 Gy, a Risk Factor of between 50 and 100 may be calculated, 4 to 8 times 
lower than that observed in beagles, and of the same order as the difference 
in the spontaneous incidence of osteosarcoma in beagle and human. Thus using 
the risk ratio concept, and assuming that at very low bone doses the relative 
carcinogenicity of Plutonium-239 and Neptunium-237 are similar in rat, beagle 
and man, the following Risk Factors for the three actinides in humans are 
proposed: 

Plutonium-239, 238: 1000 to 2000 osteosarcomas/10000 person-Gy 

Americium-241: 500 to 1000 osteosarcomas/10000 person-Gy 

Neptunium-237: 3000 to 6000 osteosarcomas/10000 person-Gy. 
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LYMPHATIC CANCERS AND LEUKEMIA AMONG PLUTONIUM WORKERS 

Gregg S. Wilkinson 
University of California 

Epidemiology Group, HSE-14, MS-K404 
Los Alamos National Laboratory 

PO Box 1663, Los Alamos, NM87545, USA 

ABSTRACT 

Recent studies of cancer incidence and mortality among plutonium workers 
suggest elevated risks for certain lymphatic cancers and leukemias. An 
investigation of cancer incidence among Los Alamos National Laboratory male 
employees resulted in standardized incidence ratios of 2.49 (90 per cent 
confidence limits: 0.98, 5.23) when compared with cancer rates for the state 
of New Mexico. A study of mortality among 5413 white males employed for 
at least two years at a plutonium weapons production facility found fewer 
deaths than expected for all causes of death, all cancers and lung cancer when 
compared with U.S. death rates. No bone cancer was observed; however, an 
excess of brain tumors was found for the cohort in general. Comparisons of 
plutonium burdened with unburdened workers showed elevated rate ratios for all 
lymphatic and hematopoietic cancers combined (RR = 9.86, 90 per cent confidence 
limits= 1.26, 94.03) and for all causes of death combined (RR = 1.33, 90 per 
cent confidence limits= 1.05, 1.68) at 5 years induction time. Rate ratios 
were also suggestively elevated for esophageal, gastric and prostatic cancers. 
Although standardized rate ratios for several causes of death at several induc
tion times increased with increasing exposure category, no overall linear 
dose response trends were found. These findings imply that increased risks 
for several types of cancers cannot be ruled out at this time for plutonium 
burdened individuals. 
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EPIDEMIOLOGICAL FOLLOW-UP OF URANIUM MINERS IN CANADA 

D.K. Myers~ and J. Muller» 

Radiation Biology Branch, Chalk River Nuclear Laboratories, Chalk River, 
Ontario; b Consultant, Special Studies and Services Branch, 

Ministry of Labour, 400 University Avenue, Toronto, Ontario, Canada. 

INTRODUCTION 
The hazards of exposure of uranium miners to high concentrations of radon 

and radon daughters have been recognized for several decades. Quantitative 
estimates of risk based on epidemiological followup of exposed miners are 
becoming increasingly available in recent years. The present report deals 
with four studies of Canadian miners; the results are compared with those of 
two other major studies of U.S. and Czechoslovakian uranium miners. 

RISK COEFFICIENTS 
Table 1 summarizes the quantitative estimates of risk of induced fatal 

lung cancers per WLM of exposure to short-lived radon daughters. Lung cancers 
appearing less than 10 years after first exposure are usually excluded in 
these calculations in order to ensure better comparability of the data from 
short and long term followup and to ensure that the risk coefficients are not 
too low because of the inclusion of years of followup during which no effect 
of radon daughter exposure is anticipated (2). These data thus represent the 
average risk coefficients observed between 10 years after first exposure and 
the end of the followup, at which time most of the miners were still alive. 

A major problem in all these studies is the reliability of the exposure 
estimates. In general, exposure rates were highest during the earliest years 
of mining and were decreased, primarily by improved ventilation practices, in 
later years. However, monitoring of radon daughter concentrations was 
infrequent or absent during the earliest years of mining; the exposure 
histories of the early miners with the highest exposures and longest followup 
have necessarily been reconstructed from minimal data. In the study of 15 984 
Ontario uranium miners, estimates of radon daughter concentrations were based 
on results of area monitoring in the mines in the early years or in cases 
where no reliable measurements were available, on estimates provided by three 
mining engineers who were familiar with the Ontario uranium mines over the 
early years of operation (8). 

The risk coefficients derived from these studies (Table 1) vary over a 
range of about 10-fold. This is true both for estimates based on the relative 
risk model (expressed as % increase in normal incidence of lung cancer per 
WLM} and on the absolute or attributable risk model (expressed as excess 
number of lung cancers per 106 person-years at risk per WLM). Part of this 
variation is probably due to uncertainties in estimated exposures. The range 
of risk coefficients appears to be compatible with the average values of 1% 
increase in normal incidence of lung cancer per WLM or 10 lung cancers per 106 

person-years per WLM that were suggested in ICRP Publication 50 (9). 

MINIMUM LATENT PERIOD; EFFECT OF TIME AFTER EXPOSURE 
Previous studies have in general not shown a significant excess of lung 

cancers within the first 10 years of followup after first exposure to radon 
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daughters in uranium mines. It is therefore of some interest to note that the 
studies of Beaverlodge and Port Radium miners both showed zero excess of lung 
cancers 0-5 years after first exposure but a statistically significant 
increase 5-10 years after first exposure (1,7). 

The effect of age at first exposure has been examined in 3 of the 
Canadian studies. No consistent trends in the risk coefficients were observed 
(1, 5, 7). Three of the 4 Canadian studies showed a trend towards a decrease 
in relative risk coefficient with increase in age at the time of appearance of 
lung cancers (1,5,6). A similar trend is probably valid for the followup of 
U.S. uranium miners (10). A more sophisticated risk model was also tested in 
ct recenl reanalysis of the Ontario data by Muller and co-workers (11). In 
this model, the increase in relative risk was assumed to be 0% during the 
first 5 years after each increment in radon daughter exposure and best values 
for relative risk were calculated for subsequent times after each exposure. 
The available data on Ontario uranium miners suggested an increase in relative 
risk per WLM of 1.6% at 5-10 years, 3.4% at 10-15 years and 0.3% at 15 or more 
years after each annual increment in exposure (11) . The raw data from 
certain other studies can also be fitted by a similar model. 

EFFECT OF CIGARETTE SMOKING 
Approximately 70% of the miners in all groups listed in Table 1 were 

cigarette smokers. The Ontario miners' study included large groups of gold 
miners and of copper-nickel miners as well as uranium miners. An excess of 
lung cancers was observed in the group of gold miners as well as the uranium 
miners, but not in the group of copper-nickel miners, who are believed to have 
a similar smoking history. The major cause of lung cancer among the gold 
miners was cigarette smoking, as expected, with a relative risk of 7 for 
smokers compared to non-smokers (12). The excess lung cancers observed in the 
gold miners group appeared to be correlated with exposure to high ore dust 
levels in the earlier years of mining before 1945. Smoking also increased the 
risk of silicosis (12). 

Interactions between cigarette smoking and inhalation of radon daughters 
were examined in the study of Newfoundland fluorspar miners. The data did not 
permit a clear choice between the relative risk model, indicative of a 
multiplicative interaction, and the absolute risk model, indicative of an 
additive interaction (5). Limited data from the Ontario study were compatible 
with the hypothesis of a multiplicative interaction (11). Other data have 
suggested that cigarette smoking accelerates the appearance of lung cancers in 
exposed miners, with the result that a multiplicative interaction between 
smoking and radon daughter exposure is most evident at the earlier stages of 
followup but absent or less evident many years after exposure (4, 13). 

DOSE-RESPONSE RELATIONSHIP 
The data from all 4 Canadian studies are compatible with a linear, non

threshold relationship between accumulated exposure and incidence of induced 
lung cancer. The fluorspar miners' study did not provide any evidence of a 
decreased response per unit dose at high accumulated exposures in the region 
of 2500 WLM (5), such as has been observed in the study of U.S. uranium miners 
(2, 4, 13). 

LIFETIME RISK ESTIMATES 
The excess risk of death from lung cancers before age 70 has been 

calculated for male uranium miners using both relative and absolute risk 
models, the expected values for non-exposed males being derived from Canadian 
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vital statistics (5,7). Using the average risk coefficients suggested in ICRP 
Publication 50 (9), the values are equivalent to a risk of 2.5-2.9 x 10-4 per 
WLM. A total lifetime risk of about 3 x 10- 4 per WLM would appear to be a 
reasonable choice, assuming that exposure to radon daughters at any age 
resulted in an increased risk of lung cancer which continued throughout life. 
If the relative risk model were correct, the risk to non-smoking miners would 
of course be appreciably smaller (9). Assuming that increased risk ceased 15 
years after each exposure, the lifetime risk would be closer to 1.7 x 10- 4 per 
WLM for male miners exposed to 1 WLM per year from age 20 to age 55, based on 
the time-dependant relative risk coefficients which were derived from the 
study of Ontario miners. Further study of miners exposed at younger ages only 
would be required to substantiate this latter model. 
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TABLE 1. ESTIMATES OF RISK OF INDUCED LUNG CANCER IN VARIOUS GROUPS OF 
MINERS 

Group of miners 

Eldorado Port 
Radium uranium 

u.s. uranium 

Nfld. fluorspar 

Ontario uranium 

Czech uranium, 
started 1948-52 

Eldorado Beaver lodge 
uranium 

Average 
estimated 
exposure in 
WLM 

273il 

1180 

548 

33 

310 

36d 

Excess lung cancers 
appearing more than 
10 years after first 
exposure 

Reference 

% increase per 
WLM in normal 
incidence 

Excess cancers 
per 10 6 person
years per WLM 

0.27 3.1 1 

0.3-0.45 3.5 2,3 
0.8-1.4° 6b 2,4 

0.9 6.4 5 

1.0 9.7 6 
1.3c 7.2c 

1.8 19. 2 

3.3 21. 7 

44% of the person-years at risk in the category with <5 WLM and with no 
excess lung cancers were excluded for this calculation. 
b Calculated for groups receiving lower exposures (<360 WLM) only. 

Risk coefficients for the group of miners with no prior experience in 
gold m1n1ng. Data based on "special WLM" estimates (6,8) are not included. 
a 74% of the person-years at risk in the category with <5 WLM and with no 
excess lung cancers were excluded for this calculation. 
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ABSTRACT 

An epidemiological study of the uranium miners in France has been 
planned in order to study any excess of cancer mortality, mainly from 
bronchogenic lung cancer and to establish a relationship between this 
excess mortality and the radon daughters exposure. It includes about 2000 
miners having entered the mines between 1947 and 1972. This cohort study is 
actually continuing, the dosimetric data of each miner, collected from 
different files, having to be verified and completed before being entered 
in the final analysis. 

The vital state of these miners has been studied up to december 1985. 
We observed a significant excess mortality compared to the national 
population of the same period, excess of cancer mortality, and of lung 
cancer deaths. The exposure of the uranium miners having largely changed 
during the year 1956 when several radioprotection procedures have been 
introduced such as ventilation, systematic individual recording of the 
exposure of each miner ... the excess mortality by lung cancer is discussed 
by studying separately the group of miners having worked underground before 
1956 and those having entered the mine between 1956 and 1972. 

INTRODUCTION 

The epidemiological study of the French uranium underground miners has 
been organized in order to study any excess risk of cancer mortality, 
mainly of bronchogenic lung cancer, in relation to the occupational 
exposure. The studies on uranium miners in the U.S.A. (1) ,(2), CANADA (3), 
CSSR (4) showed an excess risk of lung cancer mortality for those miners 
having cumulated more than 100 WLM* during their working life.The French 
study gives us the opportunity to study this risk of lung cancer mortality 
in function of relatively low annual exposures compared to those of the 
U.S. miners; the mean annual exposure of the French underground miners is 
comparable to that of the Canadian miners, but the mean duration of 
underground uranium m~n~ng in Canada (less than two years) is shorter than 
in the French study. Consequently, this study may be able to give an 
estimation of an excess risk by WLM cumulated during the working period, 
but may also contribute to the study of an eventual excess risk linked to 
the annual dose level. 

* 1 WLM (working level month) corresponds to an exposure to a concentration 
of 1 WL for a period of 170 hours. 1 WL is equivalent to any combination 
of radon daughters in one liter of air that will result in the emission of 
1,3 x 105 Mev of alpha energy in their complete decay through Polonium 214. 
This potential alpha energy will occur when 100 pico-curies of Radon-222 in 
one liter of air is in equilibrium with its daughter products. 
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The factors implicated in the etiology of lung cancer being numerous, 
some of them like social class and especially tobacco consumption ought to 
be taken in account during the study of the lung cancer risk of the uranium 
miners. Tobacco consumption may be registered after interviewing the 
uranium miners, if they are still alive, or by collecting this information 
in the medical files. Information from the family of the deceased may be 
biased if they know the cause of death. They unconsciouly may enhance 
information collected about a given factor, known to be carcinogenic. 

METHODS 

The protocol of this study has been described previously (5) . The 
cohort includes all the uranium miners having worked underground for more 
than three months and having entered the mines between 1947 and 1972. This 
study is part of the large dosimetric survey program of the French uranium 
miners, collecting the individual annual data of the exposure to short 
lived daughters of Radon-222, to long-lived radioactive dust, and to gamma 
radiation. The preliminary analysis of the cancer mortality of this cohort, 
in relation to occupational exposure, is limited to those miners having 
experienced more than two years of exposure to the short-lived daughters of 
Radon-222, and having a complete individual dosimetric survey. (n- 1652). 

The mortality of this cohort is compared to that of the French 
national male population of the same calendar period, standardized on the 
age distribution by the indirect method of standardization. The observed 
number of deaths of a given cause is compared to the expected number and is 
presented in a ratio, called the standardized mortality ratio (SMR). The 
statistical significance of the observed excess (p - values) is calculated 
in a one-sided test, based on the hypothesis of a Poisson distribution of 
the observed values. The number of person-years at risk of dying (PYR) is 
calculated up to the date of death, or, for those still alive up to the 
actual endpoint of the survey period : the 31th December 1985. 

The search of the causes of death presents some difficulties in 
France, mainly for those workers dying when retired (after age 55), or when 
having leaved the mines for already a long period. We have no legal 
possibility to access to the national files of the mortality data. The 
medical staff of the uranium mines makes large efforts in order to 
follow-up all of the miners. 

Nevertheless, at the present point of the study, in the cohort of 
those having worked for more than two years, 14 % of the deceased miners 
have an unknown cause of death. 65 % of these unknown causes of death are 
observed in the group of underground miners having worked for less than 
5 years, and having entered the mines before 1957. 

RESULTS 

During the period 1947-1985, the 1652 miners having worked underground 
for more than 2 years, have been followed up for a mean period of 26 years; 
their mean number of years of underground exposure is 13 years. At the end 
of 1985, 79,5 % of these miners where still alive their mean age being 57 
years. Table 1 shows the results of the mortality of this cohort, and the 
cancer deaths significantly in excess in comparison to the national 
population. 
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Table l : 

Total cohorc (n - 1652) mean survey 26 years 

Table 2 

Table 3 : 

M:orcality lObs. 

All causes I 
All cancer I 
Lung cancer! 

f 

::t 
J 

(WLM) 

Numb. SM:R I Statist. 
Signif. 

339 1. 20 I p < 1o· 3 

99 1,291 p < 1o· 2 

41 2,41\ p < 10" 4 

Mean annual exoosure 

Cohort having entered the mines before 1956 (n - 767) 
mean survey- 28,6 years 

Mortality Obs. Numb. SMR Statist:. 
Signif. 

All causes 215 1,32 p < 10" 4 

All cancer 62 1,41 p < 10" 2 

Lung cancer 27 2, 77 p < 1o· 4 

Table 4 : 

Cohort having ent:ered the mines between 1956 and 1972 
(n- 885) mean survey : 23,7 years. 

Mortality Obs. Numb. SMR Stat:ist:. 
Signif. 

All causes 124 1,03 N. s. 
All cancer 37 1,14 N. s. 
Lung cancer 14 1,93 p - 0,02 
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Table 2 presents the mean annual exposure to the radon daughters 
(in WLM*). It indicates an important modification during the period 1955 to 
1956. In the year 1956 large radioprotection procedures have been 
introduced in the mines ventilation, systematic recording of monthly 
exposure of each individual ... During the period 1947-1955, the miners have 
indeed been exposed to a larger extent than during the following period. 
The exposure during this first period had to be estimated retrospectively, 
and it will be difficult to appreciate if this exposure has been 
overestimated for some individuals or if it is reflecting the real 
individual exposure of this period. Consequently, we decided to analyze 
separately the mortality of 2 subcohorts, separated in function of their 
date of first underground mining. Table 3 is indicating the mortality data 
of those having entered the mines before 1956; Table 4 includes the same 
results calculated on those having begun underground mining between 
1956-1972. 

DISCUSSION 

The study of mortality of causes other than cancer having not yet been 
realized, we cannot conclude if all of the excess mortality is linked to 
cancer mortality or if part of it can be explained by violent deaths, as 
seen in most of the studies of underground miners. The excess of cancer 
mortality seen on the whole cohort, reflects essentially the results of the 
cohort having been underground before 1956. But this first cohort has a 
longer survey period than the second one, is older and so has a longer 
latency period and a better chance to show an excess risk of cancer. In 
both of the subcohorts, we observe a significant excess of lung cancer 
deaths. This excess may be linked to the radon daughters exposure and to 
other dusts present in the underground environment, but it can also be in 
relation with the tobacco consumption which has not yet been controlled in 
this study, or with exposure to radon daughters at home, which has to 
be discussed in this evaluation. Expressing an excess risk by unit of 
exposure without standardization on tobacco smoking implicates that the 
tobacco consumption and radon exposure are two independant factors. At the 
actual point of our study, the verification of the dosimetric data is 
rather complete and the collection of the tobacco consumption is in 
progress. The opportunity of studying this second factor in a cohort study 
or in a nested case-control study is under discussion. 

CONCLUSION 

At the actual point of the study, we confirm the excess lung cancer 
mortality of these French underground miners, which is significantly in 
excess in both cohorts, but the verification of the tobacco factor in these 
2 subcohorts is necessary before realizing a dose-response analysis in 
relation to the radiation exposure or estimating a risk factor. 
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EFFECTS OF PARTICLE SIZE DISTRIBUTION IN THE ANALYSIS 
OF BIOASSAY RESULTS FOR AIRBORNE EXPOSURE INCIDENTS 

Richard Belanger and Eric Hope 
SAIC, 10210 Campus Point Drive, San Diego, CA 92121 

and 

Patrick Papin 
San Diego Slate University, San Diego, CA 92182 

ABSTRACT 

A study has been conducted of the variations in retention and dose predicted by 
the ICRP-30 model for whole-body counts and urinalysis. Various isotopes and 
chemical forms are examined and compared. The variation in retention and dose 
due to narticle size distribution is examined in detail. Calculations are 
compared against the United States Nuclear Regulatory Commission UNIBIO code. 



ONCOGENES IN RADIATION-INDUCED LUNG TUMORS 

M.E. Frazier, G.L. Stiegler, L.L. Scott, 
S.R. Peterson and R.J. Rausch 
Pacific Northwest Laboratory 

P.O. Box 999, Richland, Washington 99352, USA 

ABSTRACT 

Oncogenes in Radiation-Induced Lung Tumors. M. E. Frazier, G. L. Stiegler, 
L. L. Scott, S. R. Peterson and R. J. Rausch. Pacific Northwest Laboratory 
P. 0. Box 999, Richland, Washington 99352, telex 15-2874. 

This research examines the role of known oncogenes in lung tumors that develop 
in animals following the inhalation of 238pu and 239pu, The standard NIH 3T3 
transfection assay was used to detect dominant-acting transforming oncogenes 
present in plutonium-induced tumors. The genes responsible belong to the ras 
family. Cloned viral homologs of oncogenes labeled by nick-translation were 
used as probes to analyze DNA from tumor cells and from radiation exposed 
nontumorous cells from the same animals. Novel (tumor-specific) restriction 
fragment length polymorphisms were detected in the DNA sequences of ras genes 
from some plutonium-induced tumors. Levels of ras gene transcripts were also 
higher in the tumors than in normal lung tissue from the same animal. These 
studies indicate that a ras oncogene is activated in plutonium-induced lung 
tumors. ----

Evidence is accumulating that oncogenes activated by certain chemical carcino
gens contain characteristic molecular changes in their DNA sequences. The 
molecular lesions in the activated ras oncogenes of plutonium-induced lung 
tumors are being characterized in order to determine whether alpha-radiation 
induces distinct changes in the DNA. If so, the changes may serve as molecular 
markers for identifying radiation-induced DNA damage in cancer-causing genes. 
Such markers could provide a means of exami~ing the relationships between risk 
and causality. 

Work supported by the U.S. Department of Energy under Contract #DE-AC06-76RLO 
1830. 
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PLUTONIUM PARTICLE AGGREGATION AND PROMOTION OF 
PULMONARY CARCINOGENESIS FROM INHALED PLUTONIUM 

C. L. Sanders, K. E. McDonald and K. E. Lauhala 
Biology and Chemistry Department, Pacific Northwest Laboratory 

Richland, WA 99352 

Radiation doses delivered to focal areas of lung from aggregations of 
inhaled 239Pu02 particles elicits a sequence of focal changes, including 
inflammation, fibrosis, bronchiolar hyperplasia and adenomatous bronchioli
zation that precedes the promotion of malignant lung tumorsl-4,7. Nonciliated 
Clara cells in terminal bronchioles may be target cells for most induced 
carcinomas in the rat lung from inhaled plutonium!. These cells differentiate 
and proliferate during normal, hyperplastic and metaplastic renewal6. 
Promotion represents a clonal amplification of initiated cells, facilitated by 
increased cell division following tissue damage and repair stimuli, such that 
they express the neoplastic phenotypelO. 

METHODS 

Young adult, SPF, Wistar female rats were either sham-exposed (361 rats) or 
exposed to an aerosol of high-fired 169Yb-239Pu02 with an AMAD, of 1.6 = 0.11 
~m (303 rats). Initial lung burden (ILB) was determined in individual rats by 
whole-body counting for 169yb at 14 days post-exposure. Radiation dose to the 
whole lung was calculated based on ILB determinations and time to death after 
inhalation using a two-exponent lung clearance function (About 80% 239pu 
cleared with a half of 20 days and 20% cleared with a half-life of 200 days) 
and a lung weight of 1.6 g5. Determination of plutonium particle distribution 
by quantitative autoradiography in the left lobe (using Ilford K-5 emulsion and 
a four week exposure) was carried out in a 5 ~m sections of exposed rats with 
lung doses from 0.35 Gy to 20 Gy. Lung sections were examined with a light 
microscope using a 6.3 X objective and a 12.5 X eyepiece containing an ocular 
micrometer divided into 100 squares using a 10 x 10 matrix, with the side of 
each square measuring 150 ~m. Each star (point source of ~4 ~-tracks) was 
considered to represent one particle. A particle aggregate consisted of more 
than one star present in one or more adjoining squares of the grid; particles 
in all adjoining squares were considered part of the same aggregate. The area 
encompassing each aggregate with ~25 particles was also measured with the 
ocular micrometer. 

RESULTS 

Median lifespan ranged from 620-690 days post-exposure for lung doses of 
0-10 Gy, and 460-560 days at doses of 12-20 Gy. Plutonium particle aggregation 
was common in alveolar regions of the lung (Figure). No aggregates with ~25 
particles were found at lung doses of about ~1 Gy. Aggregates with ~25 parti
cles were nearly always associated and surrounded by inflammatory and fibrotic 
tissues. At doses ~1 Gy, the number of aggregates with ~25 particles increased 
in a linear manner from 0.2% at a dose of 1.4 Gy to 8.2% at 20 Gy; at 8 Gy 
about 4% of aggregates had ~25 particles (Table). A total of 307 aggregates 
with ~25 particles were counted in all dose groups (range of 26-515 and a mean 
= S.E. of 58= 18 particles/aggregate). The mean= S.E. of tissue volume 
containing aggregates of >25 particles was 7.5 + 0.2 x 106 ~3, with a range of 
1.4 x 106 ~3 to 2500 x 105 ~3. A mean dose of 1.2 cGy per day was delivered to 
the mean aggregate tissue volume, containing ~25 particles; each particle was 
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assumed to be 0.12 #m in diameter. Daily doses ranged from 0.002 cGy/day to 
53 cGy/day, depending upon particle number and tissue volume. 

Figure. Aggregation of inhaled 239Pu02 particles in rat lung: left, light 
microscopic autoradiogram; and right, scanning electron microscopic autoradio
gram. 

The incidence of all lung tumors (about 80% of which were carcinomas) 
increased rapidly, starting at a lung dose of 1.4 Gy, increasing to a maximum 
tumor incidence of 83% at 8 Gy (Table). No further increase in lung tumor 
incidence was seen at lung doses ~8 Gy. The maximum lung tumor incidence at 8 
Gy was associated with a plutonium particle concentration of 130 particles/cm2, 
an aggregation concentration of 25 aggregates/cm2, a mean of 4.0 particles/ 
aggregates, and 4.0% of aggregates having ~25 particles. 
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Table. Relationship of initial lung burden (ILB) to particle aggregation and 
pulmonary pathology following inhalation of 239puQ2; values are means = 
standard error. 

Number lAD Dose to Lung, %Aggregates: % Lung 
of Rats kful Gra~ >25 Particles Tumors 

361 0 0 0 0.6 
39 .10 = .003 .35 = .01 0 5.1 
40 .20 = .003 .73 = .02 0 0 
35 .38 = .01 1.4 = .06 0.2 = 0.1 5.7 
35 .71 = .02 2.6 = .4 0.9 = 0.3 11.4 
28 .94 = .03 3.4 = .05 1.1 = 0.4 21.4 
17 1.2 = .02 4.5 = .06 1.8 = 0.7 35.3 
17 1.7 = .07 5.9 = .15 1.6 = 0.7 58.8 
18 2.2 = .04 7.9 = .11 4.0 = 1.4 83.3 
13 3.0 = .29 10 = .15 3.5 = 1.1 76.9 
20 3.5 = .18 12 = .12 4.9 = 1.6 80.0 
22 4.4 = .17 15 = .26 5.3 = 1.1 77.3 
19 5.9 = .17 20 = .38 8.2 = 2.1 78.9 

DISCUSSION 

Inhaled 239Pu02 particles are initially deposited in alveoli in a random, 
uniform fashion, mostly as single particles. Each individual submicron 239Pu02 
particle is incapable by itself of eliciting an inflammatory or fibrotic re
sponse. However, inhaled plutonium particle aggregates formed during the first 
year after inhalation, particularly in subpleural and peribronchiolar regions 
of the lung, are capable of inducing these lesions2,7. Plutonium-238 micro
spheres introduced into the lung of rats by intravenous injection have been 
largely ineffective in inducing lung tumors8. However, lung tumors are induced 
by aggregations of 239Pu02 formed in lung tissue following transthoracic injec
tion9. 

About 80% of the total lung dose is delivered during the first 90 days 
after plutonium inhalation, amounting to a mean daily dose to the whole lung 
during this period of 7 cGy in rats receiving lifespan lung doses of 8 Gy. Yet, 
the mean dose-rate to focal aggregate regions at the time of death was only 1.2 
cGy per day. Chronic «-radiation damage and cell death in bronchioles adjacent 
to large plutonium particle aggregates results in a wave of proliferative 
repair!. Aggregates ~25 particles and lung tumors were infrequent at doses ~1 
Gy. At doses of ~1 Gy there was a positive association between particle 
aggregation, of sufficient size to initiate focal inflammatory and fibrotic 
lesions, and lung tumor induction. The steeply rising portion of the dose-lung 
tumor curve for inhaled 239Pu02 (from 1.4 to 8 Gy) appears to be due to the 
formation of large plutonium particle aggregates adjacent to bronchioles, that 
promote the appearance of lung tumors. 

Work supported by the U.S. Department of Energy under Contract DE-AC06-76RLO 
1830. 
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COMPARAISON DE LA DISSOLUTION F'ULMONAIRE DU TETRAFLUORURE D'URANIUM 
AUX TESTS DE DISSOLUTION IN VITRO 
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BF' 7, 77181 Courtry, France 

INTRODUCTION 
Le t~trafluorure d'uranium est un interm~diaire important lors de 

Ia conversion du concentr~ en m~tal ou en hexafluorure. Dans le but d'~viter 
toute surestimation ou sous-estimation de Ia charge pulmonaire, en cas 
d'inhalation accidentelle d'UF4 , la sur·veillance m~dicale dLt personnel, 
n~cessite de connaitre parfaitement son devenir biologique <M~tivier et al 
1987). 

Cependant dans 1 e cas pr~c is d 'UF 4 1 es tt~avau.;.; e;(perimentau;: 
tentant de determiner la classe de soiubilite de ce compos~ ont montr~ 

d'importantes contradictions. Yuile (19731, Durbin et Wrenn (19761, et 
Ansobot~lo (19831 indiquent qu'UF4 se comporte comme un compose insoluble, 
Gal ibin et F'arfenov (1'7'711, Cooke et Holt (19741 et Stradling et al (1985), 
indiquent qu'UF4 se comporte comme un compose moderement soluble. Toutefois 
la CIPR (1979) a class~ ce compose dans le gt~oupe W des compos~s moyennement 
transferables. 

Le but de notre etude etait de determiner la classe de solubilite 
d'un echantillon industriel d'UF4 apres e:·:position pul~:::.,,aire chez le rat et 
le singe. Nous avons ~tudi~ 1 'elimination urinaire et Ia clairance 
pulmonair·e de !'uranium chez le rat et le singe, apres e;-:position a de 
faibles quantit~s d'UF4 par inhalation OLt instillation intratracheale. Les 
r~sultats ont ete compares avec cetv c•btenus pat~ Ltn test de dissolution 
chimique \f<anapilly et al 19731. 

MATER I El,_fLI;.I_I!t=:fHODES 
Deu:< souches de rats ont ~tE!:> u.t i 1 i sE!:>es dans cet te etude. Hui t rats 

Wistar et 24 rats Sprague-Daw1ey pesant 220 g au d~but de 1 'exp~rience ont 
inhale par voie seche de la poudre d'UF 4 en provenance de 1 'usine de Ma1vesi 
(France). Huit rats Sprague-Dawley pesant 220 g au d~but de 1 'exp~rience ont 
re~us par voie intratrach~ale 6 ug d'UF 4. Deux singes babouins <Papio papiol 
m~e et femelle pesant 7,5 et 8 kg ont re~u par voie intratrach~ale 160 ug 
d'UF4 . 

Imm~diatement apres 1' inhalation 1 es ;~ats et 1 es singes sont places 
individuellement en cages a m~tabol isme, ies urines recueill ies 
individuel1ement et quotidiennement. Les rats ayant inhalE!:> UF 4 sont 
sacrifi~s s~quentiellement, par groupe de 4; 24, 48, 72, 96, et 168 heures 
apres ]'inhalation. Les rats et les singes ayant re~u une instillation 
unique ont ~t~ maintenus en cages~ metabolisme pour une dur~e de 20 jours. 
Au sacrifice, il a ~te pr~leve le poumon, le foie, 1es reins et les f~mu.rs. 

Les tests de dissolution chimique developp~s par f<anapilly (19731 ont 
~te utilis~s pr·ecedemment par Cooke et Holt (19741, Ansoborlo <19831 et 
Stradling et al (1985). La dissolution dynamique d'UF4 pat~ un flu;.; 
traversant (Andr~ et al 1987al d'un milieu simulant le s~rum sanguin (Gamble 
1967), a 37 '[ 1 O:<ygltn~ OL! non, a et~ ~tudi~e pout~ determiner 1'effet de 
1 'oxydation sur la dissolution de ce compose. 

Les concentrations d'uranium dans les urines, les 1 iquides d'~lution du 
test de dissolution chimique ont et~ dosees par une methode fluorim~trique 
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directe. Les organes ou les filtres contenant de 1 'uranium sont calcin~es a 
450'C pendant 2 heures avant d'~tre doses par fluorim~trie. Le niveau de 
d~tection de cette technique est de 5.10-3 ug/ml 

RESULTATS 
Inhalation - La moyenne des charges pulmonaires initiales des rats 

(11 ,75 ug) a ete determinee a partir des dosages effectu;!;s apr~s chaque 
inhalation sur 4 animaux. La retention pulmonaire est faible. Son ;!;volution 
au cours du _tennjs peut etre decrite par une e;:ponentie11e simple d'eqLiation 
y = 1,04 e--u,1ot (r = 0,98) pour laque11e on peut calculer r 112 = 7,28 j. 

Ces resultats indiquent que la dissolution d'UF4 est rapide. 
L'el imination urinaire montre peu de variations entre les 7 premiers 

jours qui suivent !'inhalation, le tau:< d'e;-:cretion est constant (tableau 
1). La moyenne des ta.m: d'e;:cretion urinaire t~eal isee a partir de ces 
don~ees et provenant de 1 'ensemble des rats donne une valeur de 8,18 t 4,12 
1!T"' par· jour. La fi:-:ation d'uranium dans les reins r·epresente 7/. de la 
charge pul mona ire d~s 48 heures apt~~s 1 'inhalation et demeure constante 
pendant 7 jours. Les charges hepatiques et osseuses se sont rev6lees 
inferieures a Ia 1 imite de d;!;tection. 

Instillation intratrach~ale- Les charges pulmonaires initiales des deux 
rats sacr·ifies apres !'instillation etaient respectivement de 7,56 et 5,15 
ug. L'instillatit•n de 3,'5 ml d'Ltne suspension d'UF 4 a 45 ug/ml a donne une 
estimation de la charge pulmonaire des singes de 160 ug. 

Le tau;: d 'e 1 i m i nation uri naire moyen, mesure~ sur 9 jou.rs, chez -~ e t~at 

et le singe est r·espectivement de 4,8 t 0,7.10-"' et 2,c;· !_ 0,3.10-"'. Les 
cinetiques d'elimination urinaire ;!;tudiees chez les deux esp~ces pendant 21 
joL\rs p~uvent ~tre decrites par· des e:-:ponentielles ?i!Jl,!?les d'equations: y = 
7,14 e-o,16t (r = 0,95) pour le rat et y = 1,92 e-u,u._.t (r = 0,86) pour le 
singe. L'ei imination urinait"e chez le rat est done piLls rapide que celle 
observee chez le singe. 

Enfin les resultats apr~s instillation intratracheale sont identiqu.es a 
ceux obtenus apr~s inhalation (Tableau 2l. 

Test de dissolution chimique -· Les resultats de dissolution chimique 
indiquent que 1 'o:{ydation d'UF4 tient un role pr--eponderant dans sa 
dissolution <Tableau 3). En effet, pendant les soi:-:ante premi~res heures 
d'elution le tau:-: de dissolution pour le "Gamble" additionne d'o:.;yg~ne est 5 
a 10 fois superieur au:-: tau>~ ob·serve pour 1 e "Gamb1 e" seul et 1 e "Gamble" 
additionn~ d'argon. Quel que soit le milieu d'elution, on observe une 
augmentation continue de la quantite d'uranium dissout durant 1es 60 
premieres heures puis une dtminution tr~s nette des quanti tes d 'uranium 
solubil isees soit apr~s Ia 6oeme heure d'elution pour !'argon soit apr~s Ia 
7oeme pour 1e "Gamble" seu1. L'apparition de ces faibles quantites d'uranium 
dissoutes coincide avec le moment ou les 1 iquides d'elution ont ete 
remplaces alors que les 1 iquides d'e1ution d'or·igine se sont probablement 
charges en oxygene a partir de 1 'air ambiant. A cet instant, la dissolution 
de 1'UF4 par le 1 iquide de "Gamble" additionne d'm:ygene est 50 fois 
superieure a cell e du 1 iquide de "Gambi e" non o:-:ygene et 20 fois superieure 
a celle du. 1iquide de "Gamble" additionne d'argon. Ces faibles valeL\rs de 
dissolution restent ~tables pendant quarante heures et ne reaugmentent 
qu'au-dela de la 100eme pour 1e "Gamble" seul et pour 1 'argon confirmant 
ainsi l'o:-:ygenation des milieu:-: d'elution par i'air ambiant. Le tau:-: 
d'e1ution moyen du "Gamble" o:-:ygene de la 10eme a la 100~me heure est de 
9,34 ug/ml/h. Ce qui correspond compte tenu des 40 mg de Roudre placee sur 
le filtre a un taux de dissolution par 24 heures de 3,4.10-"'. 

Q_IS!;USSION 
La rapidite de la clairance pulmonaire chez le rat est confirmee par le 

taw~ joLirnal ier d'el imination urinaire de 5,6 10-·2. En 7 jours l'el imination 
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urinaire represente 401. de la char·ge pulmonait~e initiale, compatible avec 
Ltne valeur d'epuration pulmonaire de 501. pour cette periode sachant par 
ailleurs que la charge renale ~ 7j est de 71.. 

Le test de dissolution chimique realise sans oxyg~ne montre un 
caract~re d'insolubilite d'UF4 compatible avec les conclusions d'Ansoborlo 
11985). A 1 'inverse, I 'oxygenation du milieu d'elution entraine une 
augmentation d'un facteur 50 de Ia fraction dissoute. Ceci peut s'expliquer 
par l'o:{ydation d'UF4 en uo2F2 , compose tres soluble. Lorsqu'on compare Ia 
dissolution en milieu non oxygene dans les tests in vitro~ celle qui~ 1 ieu 
dans un organe caracterise par une grande surface continuellement oxygenee 
il n'est pas SLtrprenant d'observer des r!!?sultats si contradictoires. Les 
resul tats obtenus par 1 es tests de· dissolution en mi 1 ieu o:iygene montrent 
bien que Ia dissolution de 1 'UF4 passe au mains par cette etape de 
transformation. En effet, 1 e taw: de dissol uti em d 'UF4 par 24 heures en 
milieu "Gamble" m:ygene <3,4 :o, est equivalent au:-: tam: d'elimination 
urinaire des rats et des singes <4,8 et 2,9 I. respectivementl. 

L'epuration pulmonaire, apres inhalation chez le rat, ainsi que 
1 'elimination urinaire chez le rat et le singe, elle m@me similaire au taux 
de dissolution de Ia poudre industrielle d'UF4 , en milieu gamble o:-:ygene, 
montrent qLt'UF4 est un compose soluble~ classer dans Ia categorie D de Ia 
classification de Ia CIPR. 

Les auteurs t iennent ~ remere ier Mme I .Gi 1 et Mr D.Renaul t pour 1 'aide 
efficace qu'ils ont apporte tout au long de cette etude. 
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Tableau 1. Tau:; d'e:-:cretion urinaire jow~nal ier en fcnction de 1 a charge 
pulmonaire initiale apres inhalation de poudre seche d'UF4 chez le rat. 

Temps 

.]1 
] ·-:· ·.:. 

.]3 

.]4 

.]7 

6,5 
6,7 

10,3 
10,0 
7,4 

Spragt.te-Dawl ey 

:!:. 0,9 .10-2 n = 
:!:. 3,6 .10-2 n = 
:!:. 2,9 .10-2 n = 
:!:. 1,5 .10-2 n = 
:!:. 1 ,4 .10-2 n = 

Wistar 

4 9,5 :!:. 5,4 10-2 n 6 
7 7,5 :!:. 0,8 10-2 n 4 
10 5,6 :!:. 1 '1 10-2 n = 6 
5 6,3 :!:. 1,3 10-2 n = 4 
3 8,4 :!:. 3,4 10-2 n = 3 

Tableau 2. Comparaison des tat.t:< d'el imination urinaire journal ier entre le 
rat et le singe apres inhalation ou instillation intratracheale <moyenne sur 
10 jours exprimee en pourcentage dp 1 a char·ge pul monair·e initial e). 

Inhalation Instillation 

Rat SD Rat Wistar Rat SD Babouin 

5,5 + 2,2 7,5:!:. 4,8 4,8 :!:. 0,7 2,9 !_0,3 

Tableau 3. Resul tats du test de dissolution chimique avec 1 e 1 iquide de 
"Gamble" (Serum simt.tl ant) chauffe a 3TC en presence d'oxygeme ou d'argon. 

Temps "Gamble" seul "Gamble" + o.., 
"" 

"Gamble" + Argon 
(H) (ug/ml) (ug/ml) (ug/ml) 

2 0,4 1 ,3 0,7 
C' 

·-' 0,3 3,7 1,8 
10 0,4 4,6 117 
20 1 ,o 5,3 2,0 
30 1,8 6,9 1 '7 
40 3,0 9,5 1 ,4 
50 4,5 9,3 1 ,6 
60 4,9 10,2 0,5 
70 0,2 10,5 0,6 
80 0,2 11 ,6 0,6 
90 0,2 12,4 0,6 

100 0,4 13 '1 0,6 
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G.LATAILLADE. H. METIVIER, C.DUSERRE, F'. FRITSCH and R. MASSE 
CEA/IPSN/DF'S/SF'E 

I NTf':ODUCT I ON 

Section de Toxicologie et Cancerologie Experimentale 
BP 12, 91680 Bruy~res le Ch4tel, France 

La valeur du transfert gastrointestinal des actinides, f 1, recommand~e 

par Ia CIPR pour les enfants jusqu'~ 1 ·~qe de 6 mois est 10 fois plus elev~e 
que Ia valeur adulte ICIPR 48, 1986). Cette recommendation s'appuie sur des 
~tudes r~alis~es avec diff~rents mammif~res qui ont montr~ que 1 'absorption 
gastrointestin,;;le des actinides par le nouveau n~ etait environ 100 fois 
plus elev~e que chez l 'adulte pour Ia toute premitre p~riode de la vie. De 
plus, contrairement ~ 1 'adulte, on observe chez le nouveau-ne une retention 
importante des actinides dans 1 e tr.actus gastrointestinal. (Sullivan 1980, 
Sullivan et Ghoram 1982, Sullivan et al 1985, David et Harrison 1984, 
Bhattacharyya et al. 1986, Bamford et Harrison 1086, ~ritsch et al 1987bl. 

Cette .augmentation de 1 '.absorption qa.stt"ointestinale des actinides chez 
1 e nouveau n~ semb 1 e etre as. soc i ~e ~ 1 a perm~ab i 1 i te accr-ue de 1 'i ntest in 
aux macromolecules du lait maternel essentielles ~ 1 'acquisition de 
1 'i mmun i te. t1a is bien que 1 'hom me ='.cqu i ert son i mmun it~ avant l a n.a i ssance 
une augmentation de ]'absorption qastrointestinale est probable car m~me 

chez les esp~ces comme le cobaye, ou 1 'acquisition de 1 'immunite n'est pas 
oostnatale on observe egalement une augmentation de 1 'absorption 
gastrointestinale du Pu et de Am. Ceci pourrait s'e~pliquer par le passaqe 
de molecules plus petites que les gamma-9lobulines telle la lactofet--rine 
E>.vec laqLte11e le plutonium formet-ait des comple:-ces (Bomfor·d et Harrison 
1986). 

Bien que toujours lar9ement sup~rieure ~ 1 'adulte, 1 'absorption 
gastrointestinale var·ie considerab1ement d'une espece ~ 1 'autre chez ies 
ani.mau:< age·: de ou 2 ,jour·s: chiens, 6i: <Sullivan 1980l, pot~celet 13:~ 

<Sul1 ivan 1980), rat 1-3% (Sullivan 1980, Bhattacharyva et al 1986) 1 

Hamsters 3-4% (David et Harrison 1984), cobaye, 2-3~ !Su11 ivan 1980, Bamford 
and Harrison 19861 • 

Chez les rongeurs, hamster (David et Harrison 1984), rat <Bhattacharyya 
et al. 1986, Fritsch et al 1987a), cobave <Bom+or·d et Harrison 1986), 
1 'absorption du plutonium decro!t progressivement pendant la periode de 
lactation pour atteir,dre la valeur de l'adulte vet~s l'i!o.ge clu sevrage. C'est 
a partit~ de cette observation qu'e·:t recomma.nd~e ia valeur de f 1 pour les 
enfants. 

Devant toutes ces incertitudes, le prcbl~me clu modtle animal permettant 
la meilleure e:<tr·apolation a 1 'homme reste p•:Js~, c'est pourquoi nous avons 
~tudie 1 'absorption qastrointestinale du neptunium et du plutonium chez une 
espece a.nimal e plus proche de 1 'homme; 1 e singe babouin, nous rapportcns 
ici nos premiers resu1tats relatifs ~ Ia variation de 1 'absorption 
gastr·ointestinale en fonction de 1 'i!o.ge des nouveau:<-nes. 

MATERIELS ET METHODES 
Animaux: Les babcuins nouveaL~-n~s (F'apic papiol mAles ou femelles sont 

nes dans notre animalerie. Ils sont maintenus en cage individuelle avec leur 
mere qui re.;:oit une a1 imentation constitu~e de fruits et de granul~s du 
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commerce; 1 'eaLt de boi sson e·:;t donnee .; val ante; 1 ew-- ~ge au gavage est 
rapporte dans le tableau ci-dessous. 

Pr~paration et administration des radionuc1~ides. Le Neptunium (\i) 239 a 
ete separe de Am-243 par chromatographie comme nous 1 'avons decrit 
precedemment !Metivier et al, 1987). Juste avant 1 'administration, la 
solution de Neptunium dans HNO~ iN est diluee au di:d~me; la masse de 
Neptunium ingeree a ete d'environ-0,002 ug/Kg de poids corpore!. 

Le plutonium 238 utilise etait en milieu citr.;;.te 0.1M, la 
plutonium ingeree etait d'environ 2ug/Kg et I 'activite d'environ 35 
Toutes les solutions ont ete -filtt~ees lfiltre Millipore 25 nml 
gavage et aucune perte de radioactivite n'a ete observee. 

masse de 
uCi/Kg. 
avant le 

L'inqest1on des solut1ons \iml) a ete effectuee sur les animaw-: non 
anesthesies .; 1 'aide d'une sonde qastrique IMinerve, Paris, France). Apres 
1 'ingestion 1es nouveaux nes sont maintenus avec leur m•re en cage .; 
metabolisme. Le probl~me de la contamination croisee urine, fec~s et feces 
mere· nouveau-ne nous a conduit .!;, e;-;primer nos t~esul tats en terme de 
retention et non de facteur de trans-fert. 

D~ termination de 1 a guan t i te de rad i onuc 1 e ides re tenue. Gkta.tre ,jours 
apt~~s l'ingestion les animaux sont anesthesies et sacrifies. Le sang est 
pre 1 eve par catheter· i sat ion de 1 a carot ide. le tractus gastro i ntest ina 1 , 1 e 
foie, les reins, les femurs et les humerus sont preleves et analvses 
separement. Les poumons sont egalement preleves comme temoin d'une ingestion 
correcte. Le Neptunium contenu dans les tissus et les excreta a ete 
determine par detection des rayons gamma. Le plutonium 238 a ete determine 
soit par mesure directe des raies X de son descendant, soit par la technique 
de Keough et Powers 119701. La retention totale des actinides a ete obtenue 
en additionnant la quantite d'actinides contenue dans le squelette, estimee 
.; partir des valeurs trouvees pour les femurs et les humerus multipl iees par 
5.9 <Metivier et al 19861, du foie, du sang \representant 7.7i: du poids 
corporel I et des reins. 

RESULiATS ET DISCUSSION 
L'observation du. tableau ci·-de-:;:;ous semble indiquer une diminution 

progressive de la retention du Neptunium et du plutonium entre 1 '~qe de 1 et 
34 jours. Pour le neptuniun la retention passe de 40 • 3 fois la valeur de 
l'adult.e pour les o\,.=Jes de 4 et 26 .jours r·espectivement. ('-ialeur adu.lte: 
0.042% :!_ O.(H)6 f., Metivier· et al 19861. La retention du Plutonium chez le 
nouveau-ne de 1 .jour est 15 fois superieure • cell e de 1 1 adul te 10 .015i: :t 
0.(H)6 f., Lata.illade et al, resuitats non publiesl, elle est de 11 fois la 
valeur de 1 'adulte ~ i7 jours et est reduite ~ 7 fois la valeur de 1 'adulte 
~ 1 1 l;ge de 34 jQurs <Tab 1 eau 1l . 

Le neptunium et le plutonium sont retenus dans la paroi intestinale, 
principalement dans 1 'ileum, tout comme le decrit Sullivan 119801 et Fritsch 
et al (1987b) chez le rat le porcelet et le cobaye apr·es ingestion de 
plutonium. Toutefois, chez le singe nouveau ne, la retention dans le tractus 
gastrointestinal reste inferieure ~ if. de la dose ingeree alors qu'elle peut 
atteindre 34:~ de 1 a dose de pl utoniwr: inget-·ee chez 1 e ~--at de 1 jour 
<Sullivan 19801. 

Tout comme chez les rongeurs, mais ~ un degre moindre, la retention du 
Pu et du Np aprts ingestion gastrointestinale chez le singe nouveau-ne est 
sLtperieure ~ cell e de 1 1 adul te; 15 ~ 40 fois chez 1 e singe contre 70 .; 100 
fois chez le rat. 

Les valeurs de 1a retention du Np ~ 1 'age de 26 jours et de celle du Pu 
a 34 jours (3 et 7 fois 1a valeur de 1 'adulte respectivementl laissent 
supposer que cette retention atteindra la valeur de 1 1 adulte avant 1 ~~ge du 
sevrage comme c'est observe chez les rongeurs, puisque le sevrage intervient 
chez le babouin entre 4 et 5 mois. 
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Nos r~sultats obtenus chez le singe se d~marquent des valeurs obtenues 
chez le rat et util is~es par Crawford-Brownl1983l en vue d'une extrapolation 
~ 1 'homme. En admettc>.nt que 1 e singe e·st p1 us proche de 1 'homme que 1 es 
r-·ongeur·s de par sa p~r-iode de sevrage, sa dw--~e de qestat ion, sa dut~ee de 
vie, 1 'e:-:trapo 1 at ion ~ partir du mod~l e de Crawford-Brown peut ~tre remise 
en cause. Cependant des e:-:periences suppl emer-:~dires sent indispensables 
pour confirmer ou infirmer cette hypoth~se. 
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Ta.blea.u: Effet de 1 'aqe sur 1a retention du Neptunium et du Plutonium chez le sinqe 
nouveau -ne apres ingestion de nitrate de Neptunium 239 et de citrate de plutonium238. 

Nitrate de Np Citrate de Pu 

~ge au 4d 4d 6d 8d 14d 26d 24h 17d 34d 
gavage 

dose 433 250 160 250 380 620 41 33 31 
(uCi/kg) 

Tissus Pourcent de la dose ingeree 

Poumon 0.003 0.002 0.0006 0.0005 0.0(H)5 0,(H)(l2 0.0005 0.00092 0.0004 
Squelette 1.65 0.183 0.14 0.152 0.443 ,., ~ ~ . .., 

,.,~ .. 11) !' 0.206 0.1444 0.100 
Foie 0.05 0.006 0.0031 0.0037 0.010 0.0020 0.0075 0.021 0.0064 
Reins 0.015 0.003 0.0015 0.0016 0.0018 0.0036 0.0023 0.00092 0.0005 
Sang 0.004 0.013 0.0011 0.0008 0.0028 0.0006 0.0038 0.0036 nd 

Retention 1. 71 0.207 0.146 0.159 0.458 0.113 0.2205 0.1699 0.1069 
totale 

Tractus GI Pourcent de 1 a dose ingeree 

Estomac 0.010 0.005 0.0066 0.0068 0.0065 0.032 0.002 0.0032 0.036 
Duodenum 0.011 0.012 0.011 0.041 0.067 0.036 0.0048 0.0052 0.0031 
Je.iunum 0.012 0.005 0.012 0.0096 0.042 0.007 0.0034 0.0020 0.0071 
11 eum 0.083 0.069 0.092 0.011 0.047 0.019 0.3400 0.2820 0.096 
Colon 0.023 0.003 0.013 0.0009 0.0009 0.004 0.0110 0.0036 0.0052 

Retention 0.139 0.094 0.1346 0.0693 0.1634 0.099 0.3612 0.2960 0.1474 
totale GI 

nd:non dl!;tectable 
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PHAGOCYTE ACTIVITY OF MACROPHAGES IN LUNGS OF 

HUMAN AND RATS EXPOSED TO 239 Pu02 

Tang Pei, Wang Shoufang, Chen Rusong 
Institute for Radiation Protection, MNI 

P.O. Box 120, Taiyuan, Shanaxi, P.R.o. CHINA 

ABSTRACT 

This paper introduced that the macrophages of human lungs and 
rat lungs in vitro after exposed to 239 Pu0 2 collected by means of 
washing lung method to study the difference of phagecyte activity 
between human and rat macrophages. The 239 Pu0 2 with MMD 1.3um 
was introduced into rat's lung by intractracheal injection, 
observing the correlation for phagocyte action of rats in vivo 
and in vitro. 

The results showed that the phagocyte index of rat lung 
macrophages in vivo and in vitro increased with the length of 
exposed time. The phagocyte index was 1.65 and 1.77 for exposed 
time of 72 hours (P>0.05), and the phagocyte percentage was 
89% and 85% respectively. In invitro the phagocyte index and 
percentage were 1.49 and 1.72, 92% and 89% respectively (P>0.05). 
The number of both macrophages in human and in rats were over 85% 
in whole lung washing liquid and their diameters were 12.53 and 
11.35um respectively. 

By scanning, there were a lot of folds and microvilii on the 
surface of control human cells. But after 12 hours exposed, the 
folds and microvilli of treated cells reduced or disappeared. 

Interested in the results suggested that the similar action 
was appeared in rat macrophages for invovo and invitro model. 
In invitro, the difference of the phagecyte activity of macrophages 
between human and rat was not significant. It seems possible to 
mean that experiment for invitro may represent that for invivo 
and the results of experiment in rat be able to reflect that in 
human. 
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DOES THE GI TRACT MODEL OF THE ICRP PROVIDE RELIABLE DOSE ESTIMATES ? 

P. Roth, Ch. Hansen, E. Werner 

Ges. f. Strahl en- und Umweltforschung, Inst. f. Biophysikal. 
Strahlenforschung, 6000 Frankfurt am Main, F.R.GERMANY 

INTRODUCTION 

For many essential and non-essential elements are the details of the 
intestinal absorptive pathways still poorly understood. There is increasing 
evidence that the walls of the small intestine are a more selective tissue 
than previously thought. As an example, Figure 1 illustrates the phenomenon 
of a transient intestinal retention component for ingested iron in man. 
After oral administration, there is a continuing excretion of iron for seve
ral weeks, far longer than the gastrointestinal transit time (as evidenced 
by the whole body retention of 51cr, which was administered simultaneously 
as a non-absorbable marker), and also far beyond the lifespan of the entero
cytes. This fraction of the ingested iron can not have been transferred to 
the blood before, since after intravenous administration there is only a 
marginal excretion during that period (Fig.1). Since this transient iron 
retention in the gut walls depends on the body iron status and on patho
physiological conditions (1,2), it appears to reflect a hitherto unknown 
physiological mechanism which regulates iron absorption. Similar fine struc
tures in the absorptive pathways are likely to exist also for other essen
tial and non-essential elements. 
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FIGURE 1. Whole body retention of intravenously administered 59Fe 
(a), orally administered 59Fe (b), and orally admini
stered Slcr (c) in a healthy male subject. 
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These findings suggest that the current ICRP model for the gastroin
testinal tract (3) might considerably underestimate radiation doses to 
the intestine, since this model does not account for any details in the 
absorptive processes. In the present study we therefore used the example 
of intestinal radioiron absorption in humans to evaluate the dosimetric 
consequences of a modified GI tract model. 

RETENTION OF IRON IN THE' GI TRACT 

Absorption studies were performed in 23 healthy subjects with nor
mal body iron status. The protocol of the absorption test is outlined 
in Table 1. 

Figure 2 shows our suggested 
modification of the dosimetric mo
del for the gastrointestinal tract. 
Instead of a direct transfer of 
activity from the small intestine 
to the systemic circulation, as in 
the ICRP model, the revised ver
sion takes account of retention of 
activity in the walls of the gut. 
According to this model, the whole 
body retention of the orally ad
ministered radioiron can be des
cribed QY the following equation: 

INGESTION 

l 
STOMACH 

<ST> 

~ 
SMALL INTESTINE 

<SI l -
! >..w 

UPPER LARGE 
...___ 

INTESTINE (UL!) 

~ 
LOWER LARGE 
INTESTINE (LL!) 

! >..D 
ExcRETION 

TABLE 1. Protocol of the radio
iron absorption test. 

23 healthy subjects 
with normal body iron status 

Test dose: 100 ml deionized water 

20 kBq 59 Fe-citrate 

500 mg ascorbic acid 

1mg / Smg / 10mg / 20mg Fe 2 -+

(ferrous sulphate) 

0.4 MBq 51 cr (Na 2 cro4 ) 

(non-absorbable marker) 

Whole body retention measurements 

of 51cr and 59 Fe for 3 - 15 weeks. 

ENTEROCYTE 

t 

MACROPHAGE 
GoBLET-CELL 

)...B 
--=:.... 

TISSUE 
COMPARTMENTS 

FIGURE 2. Modified dosimetric model for the gastro
intestinal tract. 
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t 

RWB = f 1 + f 2·Rw(t) + (1-f1-f2)·R
1

(t) + f 2·j{RW(t' )·R
1
(t-t')·dt' 

0 

fraction of administered activity transferred to the 
blood and tissue compartments, 

fraction of administered activity taken up by the gut 
walls but not transferred to the circulation, 

retention function of f 2; Rw(t) = f 2·exp(- A w·t), 

retention of non-absorbed activity (gastro-intestinal 
passage). 

Table 2 shows the values ob
tained for the absorbed fraction 
(fl) and the submucosal retention 
component (fz, AW). In normal 
subjects, about 1/3 of the radio
iron taken up initially by the ab
sorptive cells is finally trans
ferred to the blood and tissue 
compartments, whereas 2/3 are tem
porarily retained in the gut walls 
and re-excreted into the lumen du
ring the following weeks. 

DOSE CALCULATIONS 

The calculations of absorbed 
doses were based on the MIRD con
cept (4) and were performed accor
ding to ICRP Publication 30, with 
the modifications of the GI tract 
model as described above. 

TABLE 2. Absorbed fraction (fl) and 
temporarily retained activity com
ponent ( fz, A w) of orally administered 
radioiron in healthy subjects (mean 
values ± SD). 

Modified 
ICRP - Model GI-Tract 

Model 

f1 0. 1 0.20 ± 0.09 

f2 - 0.41 ± 0.24 

xw(d-1) - 0.24 ± 0.18 

( n 23) 

The doses to the inner organs differ between the two models only with 
regard to the individual f1-values (ICRP: f1 = 0.1). According to the modi
fied GI tract model, the dose to the gut wall has three sources: 1. from ac
tivity transferred to the blood and tissues; 2. from the activity retained 
in the gut walls (andre-excreted into the intestinal lumen); 3. from the 
activity in the lumen (non-absorbed andre-excreted). It was assumed that 
2/3 of the absorption occurs in the duodenum and 1/3 in the jejunum. Iron, 
temporarily retained in the gut walls was thought to be uniformly distribu
ted in half of the organ masses (duodenum: 30g; jejunum: 140g (males), and 
125g (females)). This was based on the assumption that the iron is retained 
in the gut wall but not in the muscles of the gut. 

Table 3 compares the doses to the gut from orally administered 55 Fe 
and 59Fe as calculated according to the two GI tract models. The doses to 
the gut walls from activity in the lumen and in the blood and tissues 
(DB+L-+W) are very similar for both models. The additional dose component 
to the gut wall (Dw_.w), which is not considered in the ICRP model, however, 



changes the total doses significantly, For 59Fe as well as for 55Fe, the 
doses to the duodenum increase by a factor of about 20, and to the jejunum 
by a factor of 3, as compared to the ICRP values. 

TABLE 3. Radiation doses to the gut after oral administration of 59Fe and 
SSFe. Comparison of ICRP data and values calculated according to 
the modified GI tract model. 

Radio- Dosimetric D B+L-W (nSv/Bq) 0 w-w (nSv/Bq) 

nuclide model 
s I U L I LL I Duodenum Je.junum 

ICRP 30 2.1 3.9 8.4 - -
59 

Fe 
Modified 2.6 (+0.6) 4. 3 (!0.9) a. 4 (!2.01 38. 5 (!24.4) 4. 2 (2.6) 

ICRP model 

55 ICRP 30 0.12 0.17 0.30 - -
Fe 

Modified 
(!0.09) 0. 26 (!0.08) 0. 3 7 (!0.08) 1 . 82 (!1.10) 0.19(!0.12) 0.21 

ICRP model 

D B+L-W Radiation dose to the gut wall from activity in blood and lumen, 

D W -w Radiation dose to the gut wall from activity retained in the gut wall (andre-excreted later). 

CONCLUSIONS 

Although radioiron is of limited interest in the field of radiation 
protection, it serves as a good illustration that the absorptive pathways 
of radionuclides deserve further investigations, especially in humans. 
Furthermore, any particular element should be considered in its own pe
culiarities and dosimetric models used should be based on a more physio
logical foundation, whenever such information is available. 
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GASTROINTESTINAL ABSORPTION OF SOLUBLE URANIUM 
FROM DRINKING WATER 

McDonald E. Wrenn, Narayani P. Singh, Herb Ruth 
and Dave Burleigh 

Radiobiology Laboratory, 
University of Utah School of Medicine 

This manuscript describes results of an experiment at our 
laboratory to determine the gastrointestinal absorption (GI) of u 
from drinking water in twelve healthy adults. Preliminary 
results obtained in four and eight subjects have already been 
reported (5,6). The degree of GI absorption of environmental u 
by humans is not well known. In 1983, Wrenn et al. (1) reviewed 
the published data on GI absorption and distribution of U in the 
body. Estimates for the fraction of U absorbed by humans varied 
tenfold, from 0.8% to 8%, with a consensus "best estimate" of 
1 .4%. The International Commission on Radiological Protection 
(ICRP) has recommended the use of 5% for the GI absorption of 
soluble U by occupationally-exposed workers (2). The GI 
absorption of u in man may be affected by other factors also. 
Sullivan et al. (3) and Willis (6) found that the absorption of u 
is three to seven times higher when given to rats on a fasting 
stomach than with food. 

MATERIALS AND METHODS 

Consumption of Water Containing Uranium and Sample 
Collection: Twelve volunteers, normal in kidney function and 
free of any indication of complicating pathology, were selected 
after careful detailed medical, hematological, biochemical and 
urological examinations at the University of Utah Medical 
Center. Subjects collected 24 hour total output of both urine 
and feces each day for seven days so we could establish their 
normal background of intake and excretion of U. Then during the 
next day (between 9:30 a.m. and 3:30 p.m.) they drank, at their 
normal rate of drinking water intake, 900 ml of water containing 
approximately 90 pCi 2 38 u and 90 pCi 2 3~u. Urine and feces were 
collected for seven more days. 

Determination of U in Urine and Feces: The concentrations 
of U isotopes in urine and feces were determined by a radio
chemical procedure developed in this laboratory (7). Urine 
samples, spiked with 2 3 2 u tracer, were wet ashed with HN0 3 and 
H2o 2 until all organic materials were decomposed. Uranium was 
coprecipitated with iron hydroxide using ammonium hydroxide. The 
precipitate was washed several times with ammoniacal water, 
dissolved in concentrated HCl and the acidity was adjusted to 10 
M. Uranium was extracted into 20% tri-lauryl amine (TLA) solution 
in xylene twice, back-extracted with 0.1 M HCl and electro
deposited onto a platinum disc. Uranium content and the tracer 
yield were determined by counting the platinum disc in a solid 
state alpha-spectrometer. The fecal samples, spiked with 232u 
tracer, were dry ashed in a muffle furnace at 45o•c, raising the 
temperature slowly in increments of so•c, followed by wet ashing 
with HN0 3 and H2o 2 . The coprecipitation, extractions, back-
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extraction, electrodeposition and counting were performed as 
reported for the urine samples. 

RESULTS AND DISCUSSION 

Most of the U ingested is excreted in feces in the first two 
days following ingestion of the water. However, in one or two 
cases we found that fecal excretion was slower and three days or 
more were required before urinary excretion returned to normal. 
The daily urinary and fecal excretion of 2 3 4 u and 238u were 
determined as well as the volume of urine and mass of feces 
excreted each day by all subjects. Figure 1 shows a typical 
pattern. 

The gastrointestinal absorption of U was estimated as 
follows: 

Net urinary excretion of U 1 
U absorbed = x Amount of U in drinking water f 

where net urinary excretion is that above background for 3 days, 
and f is the average cumulative fraction excreted in the urine 
over 3 days, equal to 0.79 as reported by Spoor and Hursh for 6 
human patients injected with uranyl nitrate (8). The amount of U 
in 0.9 litre of drinking water was calculated from the measured 
concentrations of 2 3 4 u and 23 8u in the water. 

The results obtained by this technique are given in Figure 
2. The absorption was the same for 2 3 4 u and Z38u for each 
subject. There was wide variability in absorption among subjects 
ranging from -0.02% to 2.6%, with a mean of 0.6%. The 
distribution appears to be bimodal with 60% of the subjects 
absorbing less than 0.2%. Low absorption may be due to the 
concurrent ingestion of food, as demonstrated in rat (3,4). 

The dietary intake of U can be inferred from the results 
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FIGURE 1. URINE VOLUME, FECAL MASS AND URINARY AND 
FECAL EXCRETION OF 238u AND 234u. 
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B 0.47 0.52 

c 0.03 -0.04 

D 0.13 0.18 

E -0.02 -0.02 

F 1.43 1.46 

G 1.26 1.29 

H 0.07 0.08 

J 2.10 2.13 

K 0.12 0.08 

Average 0.57 0.58 

FIGURE 2. G.I. ABSORPTION OF U 

Ill U238 
fJII U234 

obtained in this study. The background urinary + fecal 
excretion of 238 u over seven days for all ten subjects 
averaged 5.45 ± 0.59 ~g/day. At equilibrium the daily 
excretion of U is the same as total U intake per day. Since 
daily intake of U from inhalation is very low (a reference 
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intake of 0.0042 ~g/day) (2), most of the daily intake should 
be from diet and drinking water. In our study, about 20% of 
ingested u came from drinking water, assuming 1 litre per day 
water intake (6). The U in water is high normal for the u.s. 
( 9) • 
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SOLUBILITY CLASSIFICATION OF YELLOWCAKE PRODUCED BY A 
BRAZILIAN URANIUM MILL 

Elizabeth S. Mansur and Suely M. Carvalho 
Institute de Radioprote~ao e Dosirnetria 

Caixa Postal 37025, Rio de Janeiro; RJ, Brasil CEP 22602 

ABSTRACT 

Bioassay interpretation is very difficult in case of internal 

exposure to commercial yellowcake produced by uranium mills. This 

is because variations among the uranium compounds produced are 

believed to be process or site specific,and so are their dissolutio 

characteristics in lung fluid. 

An in vitro study was performed to determine the solubility 

of the yellowcake produced in a Brazilian uranium mill to permit 

classification of the inhaled material and to aid bioassay interpre 

tation. The powder was taken from 6 different lots of yellowcake 

reduced during a 6 month mill operation period, and the amount of 

ranium was determined by neutron activation analysis. Results can 

e expressed as: 

- 71 t -~ t F=fe 1 +fe 2 
I 2 

and ~: 0,693 
Tl/2 

here F is the fraction of the uranium undissolved; f1 and f2 the 

issolution fractions of the more soluble and less soluble portions; 

nd Tl/2(1) and Tlf2(2),their associated half-lives for dissolution. 

alues of f1, Tl/2(1), and f2, Tl/2(2) for lots 01 and 02 were equal 

o 84.2%,10.7 hand 15.8%,12.9 days respectivelly. For lots 03 to 06 

esults are 70.8%, 8.8 h and 29.2%, 30.9 days respectivelly. The 

olubility experiment indicates class D and class W compounds. 



UK STANDARDS FOR EXPOSURE TO RADON DAUGHTERS IN DWELLINGS 

G.A.M. Webb and M.C. O'Riordan 
National Radiological Protection Board 

Chilton, Didcot, Oxfordshire, OXll ORQ, UK 

ABSTRACT 

The National Radiological Protection Board has issued formal advice on 
the standards to be adopted in the UK for control of exposures to radon 
daughters in exiffjng dwellings and for changes in building procedures for 
future dwellings • 

The standards are based on those recommended by the International 
Commission on Radiological Protection but adapted to circumstances in the 
United Kingdom. The matters taken into account by the Board when 
formulating its advice, and which are discussed in the paper, include the 
conversion from measured concentrations of radon to effective dose 
equivalent and the implied levels of risk, the comparison of these levels 
with risks from other causes, the numbers of dwellings in which various 
annual doses are likely to be exceeded, the geographical distribution of 
these dwellings, the likely costs and effectiveness of various remedial 
measures and the degree of domestic disruption. 

The action level for existing dwellings selected by the Board was the 
same, 20 msv per annum, as that recommended by the ICRP, but the Upper 
Bound for new dwellings of 5 mSv per annum was lower than that suggested by 
the ICRP. 

(1) Exposure to radon daughters in dwellings. National Radiological 
Protection Board. ASP 10 (1987). 



PUBLIC EXPOSURE TO RADON DAUGHTERS 

A D Wrixon, B M R Green and J C H Miles 
National Radiological Protection Board, 

Chilton, Didcot, Oxon, OX11 ORQ, UK 

INTRODUCTION 

Two surveys of indoor exposure to natural radiation in the 
UK have been carried out, a representative national survey and a 
selective survey of regions where above average radon concen
trations were expected (1). Doses from both gamma rays and radon 
daughters were determined. Complementary studies were also made 
of the doses received outdoors. The focus here however is on 
indoor exposure to radon daughters. 

NATIONAL SURVEY 

This survey was carried out to determine the general 
distribution of radiation levels in dwellings, to search for 
correlations with the factors that might influence them and to 
improve the estimates of exposure of the population. The 
dwellings were selected systematically from the UK housing stock. 
The survey was conducted by post, measurements of radon concen
trations in the living area and main bedroom being made with 
etched-track detectors (CR-39 detector elements) over a whole 
year. Information on the characteristics of the dwelling and 
relevant living habits of the occupants were obtained by use of a 
questionnaire. Of about 5,000 householders invited to take part, 
54% agreed to participate. Of these, 88% (more than 2,000) 
completed the survey. This is a small fraction of the 20 million 
or so residences in the UK but was regarded as adequate if 
corrections could be made to any biases in the responses. 

The distribution of radon concentrations for each dwelling 
weighted according to the average occupancy of different rooms 
(45% of time at home in the living area and 55% in the bedroom) 
is given in Figure 1. The distribution is approximately 
log-normal. The arithmetic mean, corrected for bias in the 
sample, was 20.5 Bq m- 3 and the median about 13.6 Bq m- 3

• The 
highest concentration found was 50 times the mean. The concen
trations were strongly related to the local geology. Dwellings 
on clay had the lowest whereas those on more permeable 
sedimentary rock were higher. The highest concentrations were 
found in southwest England generally on or near granite. 

The wide spread of results caused problems in analysing the 
data in relation to dwelling characteristics because the presence 
of one dwelling with high levels could unduly distort the analy
sis. To overcome this, the analysis was based on a restricted 
data set including only those dwellings with radon concentrations 
within two geometric standard deviations of the median. 

About two-thirds of the dwellings surveyed were two-storey 
houses with the living area on the ground floor and bedroom 
upstairs. On average, the radon concentrations in such bedrooms 
were about 65% of those in living areas. About one in eight 
dwellings were bungalows: in these cases, the mean concentrations 
in bedrooms were only slightly less, at 90%, than the living 
areas. Flats and maisonettes above ground-floor level had lower 
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concentrations than ground-floor rooms. These results confirm 
the view that the ground is generally the main source of radon in 
dwellings. There was no correlation between the main building 
material of the exterior walls and the radon concentrations. 

Measures taken to reduce heat losses in dwellings, such as 
secondary glazing and draught proofing, achieve their success, at 
least partly, by reducing the ventilation rate. The analysis of 
the data showed that dwellings with either double glazing or 
draught-proofing around doors and windows in general had higher 
radon concentrations than those without. This effect can be 
clearly seen with the data for 2-storey dwellings where, after 
subtraction of the contribution from outdoor radon (4 Bq m- 3 

), 

partial double glazing leads to an increase in radon levels of 
indoor origin (the ground and building materials) by about 30%; 
complete double glazing leads to an increase by about 60%. The 
majority (about 60%) of the dwellings in the survey were of the 
2-storey type. For other types of dwellings, such as bungalows, 
for which smaller sample sizes were available for the analysis, 
the uncertainties on the data became larger. Nevertheless, a 
similar, albeit less pronounced trend, was also observed for 
bungalows. 

In most cases, an analysis of the data with respect to 
window opening habits showed no clear trends. The only 
detectable trend was in the case of dwellings where the living 
room window was left open at night. Here the radon 
concentrations in the living rooms were on average 20% lower than 
those for the survey as a whole. 

Several factors that might be expected to influence radon 
concentrations showed little or no effect. These included: the 
type of heating used; the presence of an air brick above floor 
level; the use of extractor fans; the presence of a chimney or 
flue and the type of floor (suspended wood or solid concrete). 

REGIONAL SURVEY 

This survey was carried out to determine the magnitude of 
individual exposures, the results from which indicated the need 
for standards in the UK. The regions were selected from a study 
of the literature on metal mining and uranium mineralisation and 
in consultation with geologists. No attempt was made to obtain a 
representative sample for each area but rather to obtain 
dwellings in locations where above average radon levels might be 
expected. Over 700 householders, the majority in southwest 
England, completed the survey. 

The distribution of radon concentrations in the dwellings in 
southwest England, the most interesting of the regions studied, 
is shown in Figure 2. The values have been weighted as in the 
analysis of the national survey results by average occupancy of 
different rooms. The mean radon concentration is about 
300 Bq m- 3

, that is, about 15 times the national average. About 
20% of the dwellings surveyed were above the NRPB action level of 
400 Bq m- 3 (2,3). The highest value was about 8,000 Bq m- 3

• In 
the Pennine areas of Derbyshire and North Yorkshire, the mean 
concentration was 100 Bq m- 3

, with 5% of dwellings exceeding the 
action level. In the selected areas of Scotland, the mean radon 
concentration was 70 Bq m- 3 with only 2% exceeding the action 
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level. These last two sets of results are of some interest. In 
the former, it is thought that the substantial fracturing of the 
limestone which allows the relatively free movement of soil gas 
into dwellings is largely responsible for the higher than average 
levels. In the other case, although the regions surveyed were 
predominantly granite, the contrast to the results obtained in 
southwest England is marked. The absence of widespread 
mineralisation and fracturing of the granite is thought to 
explain the substantially lower levels of radon. 

RADIATION DOSE 

The national and regional surveys together provide a 
complementary indication of the exposure of the UK population to 
radon daughters in dwellings. The conversion coefficient from 
time-integrated radon concentration to effective dose equivalent 
now used is about 7 nsv per Bq h m- 3 (3). This leads to a mean 
effective dose equivalent of about 1 mSv per annum from exposure 
to radon daughters in the home. An analysis of the time spent in 
indoor locations has revealed that, on average, 77% of time is 
spent indoors in residential accommodation and a further 15% in 
other buildings (1). On the reasonable assumption that radon 
concentrations in other buildings are the same as in dwellings, 
the average person in the UK would receive another 0.2 msv per 
annum in these locations. Exposure out of doors (average radon 
concentration 4 Bq m- 3

) would contribute a further 0.02 mSv per 
annum, giving a rounded total of 1.2 mSv per annum. The present 
evidence suggests that individual doses range from 0.4 to 400 msv 
per annum in the UK. 

Measurements of the concentrations of thoron decay products 
were made in 150 or so dwellings in the central uplands of 
England. A mean value of 0.3 Bq m- 3 equilibrium equivalent 
thoron concentration was found. The effective dose equivalent 
due to indoor exposure was calculated to be 0.09 mSv per annum. 
Inclusion of a contribution from exposure outdoors leads to a 
total rounded dose of 0.1 mSv per annum. 

These values may be compared with the mean annual effective 
dose equivalent from terrestrial gamma rays of 0.35 msv with a 
range of individual doses from about 0.12 to 1.2 msv, on the 
evidence from the surveys. The dose from cosmic rays is about 
0.3 msv per annum with only about a 10% variation throughout the 
country. 

CONCLUSIONS 

The surveys of exposure to natural radiation have provided 
firmer estimates than previously of the exposure of the UK 
population and have also indicated the range of exposures to 
radon daughters. These findings have led to an NRPB recommen
dation and Government agreement that action be taken to reduce 
high radon concentrations in existing dwellings and that measures 
be introduced to prevent high levels in new dwellings (2,3). The 
action level for existing dwellings is 20 mSv per annum 
(effective dose equivalent) which corresponds to a radon concen
tration of 400 Bq m- 3

• The upper bound for new dwellings is 
5 mSv per annum corresponding to 100 Bq m- 3 It is estimated 
that about 20,000 dwellings, mostly but not exclusively in 
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southwest England, exceed the action level and that 3,000 houses 
are being built each year which are likely to exceed the 
recommended upper bound, again mostly in the southwest. 
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INDOOR EXPOSURE IN THE COUNTRIES OF THE EUROPEAN COMMUNITIES 

H. Jammet 
DPS CEA, Fontenay aux-Roses (F) 

F. Luykx 
Commission of the European Communities, Luxembourg (L) 

J. Mclaughlin 
University College, Dublin (EIR) 
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Commission of the European Communities, Brussels (B) 

I. INTRODUCTION 

In the 1980 European Community Council Directive (1) Laying 
down the basic radiation protection safety standards it is 
explicitly stated that the dose Limits contained therein do not 
apply to exposure resulting from natural background radiation, 
defined as: "all ionizing radiation from natural terrestrial and 
cosmic sources, to the extent that the exposure which it causes is 
not significantly increased by man". By implication, therefore, the 
dose Limits do apply to any exposure to sources of terrestrial and 
cosmic originwhich is "significantly" higher as a result of human 
a c t i on b u t t h e w o r d •'51 g n i f i c a n t L y " i s no t d e f i n e d . 

In the case of radon in houses it may be reasonably argued 
that the dose Limits should indeed apply to doses arising from soil 
radon which enters the air space of houses, in that the human 
activity of building a house irrevocably alters the radon 
concentration gradient from the soil, both spatially and 
temporally. Prior to the construction exposure to radon diffusing 
from a particular piece of Land may be insignificant due to 
atmospheric dilution but, trapped in house air as a consequence of 
buiLding, it may give rise to significantly enhanced exposure. In 
the case of radon from building materials a similar Line of 
argument may be developed. It is therefore reasonable, to propose 
some form of dose Limitation for radon in houses/ whether from 
building materials or the soil. 

In many E.C. Member States there is in fact increasing 
awareness of the significance of indoor exposure of the population 
to radon and its daughters. Several countries already have or are 
drawing up dose control policies. Action at E.C. Level to establish 
such policies on a Community-wide basis is, therefore, urgently 
required to avoid a diversity of Limits in the different Member 
States creating confusion Leading to a negative psychological 
impact on the population as regards hasards from ionising radiation 
in general and giving rise to distortion of trade in construction 
materials between Member States. These reasons prompted the E.C. 
Commission to initiate a series of actions in both the regulatory 
and research fields. 
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II. ACTIONS IN THE REGULATORY FIELD 

The Commission asked the Group of Experts, set up under the 
terms of Article 31 of the Euratom Treaty to advise on radiological 
protection matters, to review the problems of indoor exposure and 
in particular: 
- to make an inventory of surveys of exposure of the public from 

natural radiation in dwellings that have been completed or are 
being carried out in E.C. Member States, 
to review the recommendations of international radiation 
protection organisations to limit natural radiation exposure, 
to carry out a survey of activities in different countries for 
limiting exposure in dwellings. 

An ad hoc Working Party, established by the Article 31 Group 
of Experts with the above terms of reference, produced a report 
which was subsequently adopted by the Group and published in 1987 
(2). Apart from considering all of the above, the report extends 
technological countermeasures dosimetry risk assessment and 
surveys conducted outside the Community. 

E.C. SURVEY RESULTS 

In recent years an impressive number of national and regional 
surveys of exposure from natural radiation have been carried out in 
the E.C. Member States with particular regard to indoor exposure 
and especially that from radon and its daughters. Some of these 
surveys were carried out under contract to the European Commission 
within the framework of the Radiation Protection Research Programme 
<3,4,5). 

Temporal average values for indoor radon concentrations in t~e 

populated areas surveyed mostly ranged from about 20 to 50 Bq/m . 
However, the log normal distribution extends values to include a 
small p3rcentage of houses with concentrations in excess of 
400 Bq/m and some individual dwellings with concentrations a 
further order of magnitud_f higher. In the case of high indoor 
concentrations <> 400 Bq/m ) available evidence generally indicates 
the underlying soil as the main source. 

3
Assuming an exposure to dose conversion coefficient of 20 

Bq/m per mSv/y, average indoor radon concentrations in the E.C. 
give rise to effective doses ranging from 1 to 2,5 mSv/year, but 
some members of the public receive doses in excess of 20 mSv/year. 

CURRENT NATIONAL REGULATORY APPROACHES WITHIN THE E.C. 

Many countries are considering a natural radiation control 
policy and have set up working groups to draw up proposals. In some 
the work is well advanced and recommendations on remedial action 
levels and limitations for future housing are being prepared. In 
the U.K. the National Radiological Protection Board <NRPB) issued 
recommendations in 1987 on exposure control of radon daughters in 
dwellings (6) and the Government has already adopted measures to 
deal with the problem in some parts of the country (7). 
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The results of the Article 31 experts' report <1> prompted the 
E.C. Commission to ask the experts to draw up a proposal for an 
E.C. policy on exposure to radon daughters in dwellings. Draft 
recommendations are in an advanced state of preparation and should 
be presented to the Commission shortly. They follow closely the 
principles given in I.C.R.P. Publication 39 (8) in stressing the 
importance of the controllability of the exposure; for this reason 
in recommending Limiting values they distinguish between existing 
and future housing. They further stress the need to use the 
principles of optimisation in the application of either remedial or 
preventive measures 

Finally, they emphasise the need to develop criteria for 
identifying regions, sites and construction characteristics which 
are Likely to result in significantly high indoor radon Levels. 

III. ACTIONS IN THE RESEARCH FIELD 

In the current <1985-1989) Radiation Protection Research 
Programme several items relate to natural radiation exposure <4,9) 

the physico-chemical properties of radon daughter aerosols; 
studies are being carried out to evaluate the electrical charge 
and size of radon daughter particulates and their dependence on 
environmental conditions such as humidity, trace gases and 
aerosol Loading; 

- the evaluation of risks due to inhalation of radon daughters; an 
overall model is under development, relating effective dose to 
radon gas concentration, taking into account ventilation rate, 
aerosol concentration and size distribution and plate out 
velocities; 

measurement of radon exhalation from building materials and 
soils, one study deals with the development of an instrument to 
measure nin situn radon exhalation, another with the development 
of a model relating actual exhalation rates to three dimensional 
measurements; 

- development of countermeasures; for this purpose test structures 
have been erected on a soil with artificially enhanced radium 
concentrations. The effects of various types of floors are being 
tested. 

IV. CONCLUSIONS 

Within the European Community, several Member States are 
working on the development of radon control policies. To avoid 
pub L i c con f u s i on and d i s t r u s t , t he Com m i s s i on , i n co L L abo r a. t i on 
with the Article 31 Group of Experts, defined the principles of a 
harmonised approach and formulated several recommendations. The 
most important of these is the acceptance of the guidance given in 
ICRP publication no 39 and the indication of the need for the 
development of effective remedial or preventative techniques based 
on the principles of optimisation. This will require research in 
the fields of dosimetry, risk assessment, epidemiology and control 
technology. 
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NATIONWIDE DISTRIBUTION OF INDOOR RADON MEASUREMENTS 

H. Ward Alter, Ph.D. and Richard A. Oswald, Ph.D. 
Terradex Corporation 

Recently there has been increasing concern about the health 
hazard of lung cancer associated with indoor radon in the United 
States.t-~ Because of this concern, Track Etch radon detectors 
are being used in indoor radon surveys in the United States and 
elsewhere. 6 - 8 The Track Etch method for measuring radon has been 
described previously.9-12 Until quite recently only a small number 
of long-term indoor radon measurements had been made in the United 
States. The results of some of these earlier studies have been 
presented elsewhere.a, 13-20 

The recent widespread use of the detectors has led to the 
accumulation of a data base consisting of over 60,000 indoor radon 
measurements made as of mid-1987 throughout the United States in 
individual residences with long-term Track Etch detectors. This 
collection of indoor radon measurements and some of the 
conclusions that may be drawn from them are the subject of this 
paper. 

The set of indoor radon measurements consists only of 
long-term measurements in homes not associated with man-made 
sources of radium or uranium contamination. Furthermore, only 
measurements in usual living areas are included. No short-term 
(less than a week) measurements are included and measurements in 
crawl spaces, sumps and drains have been eliminated. This data 
base is a compilation of measurements done by hundreds of clients 
and is not the result of a statistically designed survey of radon 
concentration in homes in the United States. 

The number of measurements is not the same as the number of 
houses because sometimes more than one detector is used in the 
same house or at more than one time of year. The number of 
dwellings measured can be estimated approximately by dividing by 
two. Thus, the data base applies to about 30,000 homes. 

At mid-1987 the data base file contained 62,000 records, each 
of which contain the following information: 1.) Mail zip code 
(when available), 2.) Average radon concentration, 3.) Serial 
number of the detector, 4.) Type of Track Etch detector, 5.) State 
or the region; 6.) Room where measured (when available), 7.) Dates 
of installation and removal, and 8.) Measurement period (days). 

The data base, as a whole, is not representative of the whole 
United States. Large numbers of measurements have been conducted 
in known ''hot-spots" in Pennsylvania, New Jersey and Maine. In 
some instances large numbers of measurements have been made in low 
population states. Large numbers of measurements have also not 
been made in several large states, for example Texas and ---
California. Such measurements can wrongly dominate the overall 
statistics. Six states have over one thousand measurements but 
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many states have far fewer. Small magnitude trends in statistics 
can be observed after each updating of the data base and this 
compilation is the fifth major update. 

Because the majority of the 50 states have less than one 
thousand measurements per state, we have also combined the data 
from certain groups of states into seven regional sets to obtain 
statistics more representative of the region. These data sets are 
the New England, Mid-Atlantic, Midwest, Northwest, Southeast, 
Mountain States, and Pacific States. State, regional and entire 
U.S. data bases are lognormally distributed. This is illustrated 
in Fig. 1, a histogram of the entire data base. Fig. 2 shows the 
distribution by arithmetic mean for the states and Fig. 3 likewise 
for the various regions. Data on the median, the geometric mean 
and standard deviation, the arithmetic mean and the percent of 
readings exceeding 4, 8 and 20 pCi/1 have also been compiled for 
each state and region. (A value of 0.02 WL, or 4 pCi/1, has been 
given by the U.S. EPA as an action guideline.zZ- 23 ) 

The seven regions have quite different statistics and can be 
related to regional geology. Both the Mid-Atlantic and Mountain 
State regions show elevated statistics and it is noteworthy that 
these regions contain granitic mountain ranges. 17 

Some 36 states have more than five percent of radon readings 
greater than 8 pCi/1 which approximates an exposure of 2 working 
level months per year, the NCRP-recommended guideline. 1 - 2 

The radon concentration statistics for the states are quite 
different from one another and can also be correlated with general 
geology. 

To make the data base statistics somewhat more representative 
of the United States, each state statistic can be weighted by 
population. For such a population weighted data base the 
geometric mean is 1.76 pCi/1, and the arithmetic mean is 3.61 
pCi/1 with 19 percent of the measurements exceeding the 4 pCi/1 
guideline. 

There exists a growing data base of long term indoor radon 
measurements consisting of over 60,000 measurements. The primary 
conclusion that can be drawn at this time is that there are some 
homes with unacceptably high levels of radon in nearly every 
state. Furthermore, there exist 23 states and three regions where 
greater than 20% of the measurements exceed the 4 pCi/1 guideline. 
A population-weighted treatment of the data base shows an 
arithmetic mean of 3.6 pCi/1, representing, in our opinion, the 
upper limit on the U.S. national average. Nevertheless, the data 
so far imply a national exposure in excess of the 0.8 - 1.5 pCi/1 
cited by the NCRP and other workers. 2 • 20 This would lead to a 
greater number of radon-related lung cancers than the 9000 cases 
per year also estimated by the NCRP. 
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SOURCES OF "HIGHER" RADON LEVELS IN HOUSES, 
THE RESULTING RADIATION EXPOSURE AND ESTIMATE OF RISK 

Gert Keller 
Biophysik und Physikalische Grundlagen der Medizin 
Universitat des Saarlandes, 6650 Homburg/Saar, FRG 

ABSTRACT 

The result of the "German study on radon" shows a median radon level of 
about 40 Bq/m' in dwellings with a measured mean equilibrium factor of F = 0,3. 
The resulting median equilibrium equivalent concentration amounts to about 
13 Bq/m' corresponding to an annual exposure of 0,14 WLM for the population. 
The frequency distribution of the measured radon concentrations indicates that 
about more than five percent (~13000 dwellings) of the buildings investigated 
show concentrations exceeding 300 Bq/m'. This means that in the Federal Repub
lic of Germany about 40000 - 50000 persons live in dwellings with radon concen
trations exceeding this value. The maximum value of radon concentrations was 
found to be about 1250 Bq/m'. Special investigations in dwellings with compa
rable high radon levels showed that the exhalation from the soil is the deci
sive indoor radon source. It was established that the way of entry is mainly 
determined by specific construction parameters.~e resulting mean annual radi
ation exposure by inhalation of short lived radon daughters for persons living 
in dwellings with radon concentrations of more than 300 Bq/m' amounts, there
fore, to more than 1 WLM. This means an enhancement of the radiation exposure 
of about a factor of ten compared to the corresponding mean exposure of the 
whole population. This results in an effective dose equivalent of about 7 mSv/a 
for this small group of the population. Applying a mean risk factor for lung 
cancer of 0,01 per WLM/a (modified relative risk model) a life time risk for 
this subgroup of the population of about 1 percent could be estimated. 

Based on our investigations on diffusion and exhalation of radon and the 
results of the experiments in dwellings with high radon levels, ways and 
measures will be shown, to decrease the radon concentrations in existing houses 
and to prevent excessive exhalation from the soil into living rooms in "criti
cal" regions. 



RADON LEVELS IN AUSTRALIAN HOMES 
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D.Paix 
South Australian Institute of 

Technology 

INTRODUCTION 

There is currently little data published on the magnitude 
and geographical distribution of radon exposure for dwellings 
within Australia (1,2). To address this lack: of data, the 
Australian Radiation Laboratory (ARL) is investigating radon 
levels within domestic dwellings in Australia. These 
measurements form part of an on- going programme by ARL to 
establish representative values for radiation exposure to the 
Australian public from natural sources, including radon. ARL 
has underway a large scale survey of Austral ian homes. A 
total of 12.000 persons. randomly selected from the electoral 
roll. have been invited to participate in a one year survey 
of radiation levels in their homes. The expected rate of 
positive reply is 30%, leading to an expected 3600 dwellings 
for study. Radon levels in these dwellings will be measured 
using a passive monitor containing nuclear track: material. 
and the external gamma-ray radiation will be measured using a 
thermoluminescent dosimeter (TLD). 'l'his survey will be 
completed mid 1989. ARL has carried out a preliminary study 
of radon in domestic dwellings, using a charcoal-based, 
passive radon monitor developed at the Laboratory. These 
measurements were limited to homes in three cities and two 
towns. and were for an exposure period of 7 days. This paper 
reports the methodology and results of these initial surveys 
and examines the likely trends in average radon levels for 
houses in Australia. 

RADON SURV~Y 

Charcoal-based passive radon monitors have been used by 
many workers to assess integrated radon exposure for periods 
of up to 10 days (3,4,5). These monitors collect radon by 
adsorption onto activated charcoal and gamma-ray counting 
determines the quantity adsorbed. A number of these designs 
incorporate some form of diffusion barrier to increase the 
integration time and provide a better measure of integrated 
radon for changing radon concentrations (3,4). The monitor 
developed at ARL is a low-cost variant of this type of 
monitor. Its main features and its operating characteristic 
are described elsewhere (6). The monitors were used to survey 
homes in three cities and two towns in a number of states 
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around Australia. The distribution method was chosen for 
convenience and was not designed to provide a random sampling 
of a particular location. The exposures were restricted to 
periods of 6 to 8 days and may be affected by seasonal 
variations. The derived radon concentrations should be 
indicative of general trends, but they may not be truly 
representative of the Australia-wide yearly average radon 
exposure. 

Volunteers were given a questionnaire by a central 
contact in a government laboratory or university department 
in the city or area under study. This questionnaire covered 
details on the construction of the dwelling to be surveyed. 
Following the return of these forms. each participant was 
provided with a radon monitor. The monitor was exposed in 
the participant's home and the exposure details recorded on a 
label on the cup. The monitors were returned to the 
appropriate central contact, who then returned all the 
monitors to Melbourne for counting. This survey method 
ensured rapid distribution and collection of the monitors and 
minimised possible delays. Preparation and counting of the 
monitors was carried out at ARL, providing consistency in 
measurements from different locations. 

Measurements were made in the cities of Melbourne (67 
homes) and Sydney (45 homes) on the east coast, and Perth (45 
homes) on the west coast of Australia. Two small towns in 
areas known to have higher than average uranium 
concentrations in the ground were also surveyed. Jabiru (43 
homes) is situated close-by to the Ranger uranium mine and 
Armidale (55 homes) is situated in an area of granitic rock, 
containing uranium and thorium in higher than average 
levels. The mean and median radon concentrations in these 
homes for the periods sampled are summarised in Table 1. The 
highest radon concentration measured was 395 Bq/m3. The 
combined radon data for all five locations (255 homes) 
approximates a log- normal distribution, with a derived 
geometric mean and geometric standard deviation of 20 Bqfm3 
and 2.6, respectively. The derived inter-quartile range was 
10 to 46 Bq/m3. 

Table _L Average radon concentrations for Australian homes 

Location No. of Homes Month Rn Concentration (Bq/m3) 
Geometric Inter-quartile 

mean range 

Melbourne 47 May 53 39 - 70 
Melbourne 20 July 19 6 - 24 
Sydney 45 July 21 5 - 45 
Perth 45 May 15 7 - 32 
Jabiru 43 May 19 9 - 40 
Armidale 55 August 10 4 - 31 
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SEASONAL RADON VARIATION 

In general. Australian homes are well ventilated. For 
the 255 homes surveyed, 43% were built on a concrete slab and 
51% had wooden floors with a ventilated area underneath. Less 
than 4% of homes had some form of basement. In the absence of 
a strong localised radon source, domestic radon levels could 
be expected to follow the open-air radon levels. Some support 
for this was found in measurements at Jabiru. where no 
significant difference was found between indoor and outdoor 
radon exposures. Short-term measurements of radon exposure in 
homes may suffer from sampling bias due to seasonal 
variations in ambient radon. The two sets of radon 
measurements in Melbourne during May and July gave mean radon 
concentations of 53 and 19 Bqfm3, respectively. Further 
charcoal cup measurements of homes in Armidale (NSW) during 
the period July to November gave mean monthly radon 
concentrations of 20. 10. 5, 26 and 23 Bq/m3, respectively, 
showing a minimum in the mean radon exposure during the 
months of August and September. 

This seasonal variation is also present in the results of 
an extended measurement of ambient radon levels, using a 
continuously sampling electronic radon monitor, located at 
ARL in Melbourne. Table 2 summarises the average values. 
derived from the monitor. for ambient radon concentration. 
over a one year period at Yallambie. Victoria. The monthly 
average values were derived from the alpha count-rate on the 
second filter of a 200 litre two-filter tube, operated 
continuously over this period. This data shows an autumn 
maximum and a spring minimum. with a 30% range around the 
yearly average of 12.7 Bqfm3. 

Ta_qle 2. Open-air average monthly radon concentrations 
~3) for period November 86 to November 87. derived 
from two-filter tube measurements (at 3 meters) at ARL, 
Melbourne. 

Nov Dec Jan Feb Mar Apr May June July Aug Sep Oct 

Mean 11.3 11.4 14.3 16.3 16.5 18.8 16.1 10.1 12.6 7.9 9.7 8.0 

1 SD 6.9 7.3 8.8 8.6 10.7 10.4 12.0 7.5 6.5 3.1 5.5 5.0 

SEOM 0.3 0.3 0.3 0.4 0.3 0.4 0.4 0.3 0.2 0.1 0.3 0.2 

DISCUSSION 

Within the limitations of this preliminary survey, a 
number of general trends in the measured radon levels can be 
observed . The locations surveyed were geographically widely 
separated. in some cases by many thousands of kilometres. 
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Climate ranged from tropical (Jabiru) to temperate 
(Melbourne), with widely varying local geology. Despite these 
differences, the derived mean radon levels for each city and 
town were remarkably similar. Small scale surveys with 
short-term exposure periods may be biased due to the monitor 
distribution methodology and possible seasonal variations. 
The measurements of seasonal variations indicate that, 
relative to the yearly average radon concentrations, the 
measurements made in Melbourne during May may be seasonally 
enhanced, while the Armidale results for August may be 
seasonally reduced. Both locations produced a mean radon 
level of approximately 20 Bq/m3 during July, corresponding 
to the derived mean value for the five cities and towns 
sampled. 
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ASSESSMENT AND CONTROL OF EXPOSURES TO NATURAL 
RADIATION IN DENMARK 

Kaare Ulbak and Bjarne Stenum 
National Institute of Radiation Hygiene 

Frederikssundsvej 378, DK-2700 Bronshoj, Denmark 

ABSTRACT 

Assessment of the exposures to the Danish population from different natural 

radiation sources including building materials, drinking water, fly ash etc. 

has been performed from 1975 and up till now. 

In 1987 a comprehensive nationwide investigation of the gamma exposures and 

radon levels in 500 randomly selected Danish dwellings will be concluded by 

the National Institute of Radiation Hygiene. At the same time the Danish 

authorities will publish a control strategy for limiting the exposure of the 

Danish population from natural sources, especially from radon daughter exposure 

in dwellings. 

The presentation will outline the main results of the nationwide survey in 

Danish dwellings together with the main principles behind and the consequences 

of the initiated control strategy for limiting the exposures from natural 

radioactive sources. 
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RADON MEASUREMENTS IN INDOOR AIR 

C.F. Wong 
Physics Department, Queensland Institute of Technology 

Box 2434, G.P.O., Brisbane. Q.400l. Australia. 
R.G.S. Taylor 
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INTRODUCTION 

Exposures to radon and daughters due to natural background in 
indoor air have been estimated by a number of authors <Unscear, 
1977 and 1982). Measurements in Australian buildings were 
reported by Wong (1983) and Kennedy et al (1984). Elevated 
activity concentrations were found in various types of buildings 
including terratecture and lithotecture (Baggs and Wong 1987; 
Hines, Wong and Taylor 1987). In this paper, an attempt to 
assess the effects of these activities is made. 

EXPERIMENTAL 

Calibrated nuclear track detectors were used for the 
survey of radon in indoor air. They were positioned at various 
exposure sites in selected buildings for periods up to one year. 
The detectors were processed and the average radon concentrations 
were determined as described elsewhere (Hines, Wong and Taylor 
1987). Further calibrations were made with the radon chamber at 
the Australian Radiation Laboratory <ARL). In order to assess 
the effects of these radon activities, the working levels were 
calculated using the following equation (Straden 1979) 

where <Rn> 
F 

mWL = F x <Rn>/3.7 •• ( 1) 

radon concentration in Bg m-3, and 
= equilibrium factor for radon daughters. 

The equilibrium factor for radon daughters may vary 
considerably with the atmospheric conditions. The mean value 
value obtained in the survey of private dwellings (Unscean 1977 
nd 1982) was 0.5 and the deviation from the mean was found to be 
within 40%. In this paper the mean value was adopted for the 
calculation of the working levels. 

RESULTS 

The results of ten areas which have been surveyed <Hines, 
Wong and Taylor, 1987) were given in Table 1. These results of 
the working levels have been compared to those obtained by the 
air-sampling method. The system was calibrated in the radon 
chamber at ARL. Reasonably good agreements between these data 
suggested that the validity of the methods used in the present 
survey. 
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TABLE l. WORKING LEVEL AND ANNUAL EFFECTIVE DOSE EQUIVALENT 

Area~ Mean Activity Mean Working 
Concentration Level 

{Bg m-3) {mWLl 

Wooden Home l 7 2 

Sewerage Room 174 24 

Area adjacent to 243 33 
Radon Laboratory 

Radon Laboratory 1230 166 
Radium Safe and 
Radon Plant 
Radon Laboratory 

Radon Laboratory - 122 
Measuring Area 

Office l 

Office 2 

Control Room 
for LINAC 

Material Store 

Geology Store 

34 

21 

64 

llO 

81 

17 

5 

3 

9 

15 

ll 

*See ref. {Hines, Wong and Taylor 1987) for details. 

Mean Annual 
Effective 
Dose 
Equivalent 

{mSv) 

0.23 

2.3 

3.3 

16 

1.6 

0.6 

0.23 

0.92 

1.4 

1.2 

The lung dose due to the inhalation of airborne alpha 
emitting nuclides has been calculated by several authors (Jacobi, 
1964; Harley, 1982; Hofmann, 1982). An important 
consideration in the dose-assessment is the mix of attached and 
unattached radon progeny. The unattached radon daughters, which 
amount to about 7% in indoor air, deposit all their energies in 
the respiratory tract, while the attached particles only deposit 
a fraction of their energies. The dosimetric calculations 
yielded an average value of 2 Sv J-1 for effective dose 
equivalent per unit of inhaled potential alpha energy intake of 
radon daughters {UNSCEAR, 1982). Using this figure, the annual 
effective dose equivalent for exposure in a building <ICRP, 32, 
1981) was estimated to be 0.056 mSv per Bq m-3. The values 
given in the third column of Table 3 were calculated using this 
conversion factor taking into account the fraction of the time 
used for occupational exposures. 
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DISCUSSION AND CONCLUSION 

It would be difficult to assess hazards caused by airborne 
alpha-emitting nuclides, radon and thoron, because of the 
problems associated with accurate determination of some important 
parameters such as the equilibrium ratio and the unattached 
fraction during the prolonged periods of exposure. The results 
presented in Table 1 were calculated using the mean values of 
published data as explained previously. If we believe in these 
figures then the data given in Table 1 may serve as a guideline 
for the assessment of health hazards from these sources. There 
is a good reason to adopt these values as the estimates used in 
this paper are close to lower limits of published results, and 
consequently they would not overstate the effets. Consistency of 
track density measured in various detectors exposed at the same 
site and the comparison of the results to that obtained by the 
air sampling method supported these assumptions. The cancer risk 
for inhalation of radon and thoron daughters had been estimated 
by several international organizations <UNSCEAR, 1977; NAS, 
1980; ICRP 31 1981; Cross, 1985) using uranium-mining data. The 
lifetime risk estimates for lung cancer attributable to radon 
progeny expsoure range from 1 x 10-4 per WLM to 14 x 10-4 per 
WLM, where WLM is the working level month. Using the lowest 
estimate, the highest lifetime risk in the area surveyed was 
found to be about 2 x 10-4 (Table 1), provided that the required 
condition of life time exposure is met. It should be pointed out 
that the estimation of the mean annual effective dose equivalent 
in areas such as the radon laboratory may not be realistic 
because the actual occupancy in this area could be lower than 170 
hours for a working month used in the estimation. A comparison 
(Figure 1) of the mean annual effective dose equivalent with that 
obtained for other occupational exposures could be useful. It is 
interesting to note that the activity concentration in some of 
the areas surveyed could deliver a dose which is even higher than 
those obtained for the coal mines and private dwellings but is 
lower than those for the uranium mines. In view of the results 
obtained from this survey, it is apparent that the survey of 
radon in indoor air could give interesting and useful results for 
radiation protection. A passive dosimeter would be most suitable 
for this purpose. 

1 Mean in private dwellings 
2 Canadian uranium mines (1979) 
3 Highest in private dwellings 
4 French uranium mines (1979) 
5 Indian uranium mines, underground (1979) 
6 U.S. uranium mine (1977) 
7 U.K. coal mines (1981) 
8 Finland coal mines (1977) 
9 Norway coal mines (1980) 

10 Swedish coal mines (1980) 

Fig. 1. Mean Annual Effective Dose Equivalent 
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DUE TO RADON INDOORS 

S.Benassai (o), G.Campos Venuti(*), G.Farchi (*), S.Mancioppi (o), 
S.Mariotti(*), s. Piermattei(o), S.Risica(*), L.Tommasino(o) 

(*) Physics Laboratory, Istituto Superiore di Sanita', Roma, Italy 
(o) ENEA-DISP, Roma, Italy 

1. Introduction 

A more stringent control of the radioactivity either from 
artificial and natural sources has been requested in Italy by the 
public opinion after the Chernobyl accident. The competent Author
ities and the radiation protection Community are making continuous 
efforts to fulfill such a request in the most suitable and appro
priate ways. The person related environmental monitoring system -
existing since the middle fifties - is being improved to face large 
scale contamination. Environmental monitoring at regional level 
("Regione" is an administrative district), is being set up (1). 

The control of the radioactivity in the environment was mainly 
focused on artificial sources; as far as natural radioactivity is 
concerned no regular surveys were carried out, except in some cases 
of occupational exposures. Extensive research work was, however, 
performed to develop suitable radon monitoring devices and the range 
of radon levels indoors and outdoors have been investigated through
out the country and locally (2,3,4). Considering the radiological 
r~levance of the radon problem (5,6) it was deemed that the exposure 
of the population due to natural sources of radiation indoors de
serves particular attention. 

2. Project of the Italian survey on radon indoors. 

The knowledge of the average Equilibrium Equivalent Radon con
centration existing in dwellings is the first parameter needed to 
plan whatever action aimed at preventing and/or reducing the ex
posure to radon. A two step survey has been therefore planned in our 
country with two different purposes: a) to evaluate the average 
effective dose equivalent due to radon indoors and b) to identify 
areas where the radon concentration levels indoors are considerably 
higher than the average. In these places measurements shall be car
ried out in a systematic way. 

The first step of the survey will permit the evaluation of the 
average risk associated with radon exposure and the comparison of 
the radon risk with other sources of domestic risks. In such a way 
the competent Authorities will be enabled to choose their policy in 
the field. A comparative study of all the pollutants existing indo
ors (organic and inorganic compounds, mineral fibres and particles) 
is, in principle, the correct policy approach. The study should 
allow to evaluate the social and economical impact due to the indo
ors pollutants in its entirety. The degree of knowledge in the case 
of radon is better than in the case of other pollutants, from the 
point of view either of the detection techniques and of the evalua
tion of the health effects. Therefore it is considered advisable to 
limit the survey to the radon indoors. 
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The second step will allow to select hot spots of radon con
centrations and will be the starting point for future actions. The 
environmental laboratories at regional level will play an important 
role in this type of survey as far as the measurements are concerned 
and will operate according to guidelines and procedures established 
at national level. 

3. Statistical criteria to select a sample of dwellings at 
national level 

Keeping in mind the above considerations a sampling technique 
has been implemented for evaluating the average effective dose 
equivalent due to radon indoors. 

The selection of a sample of dwellings which can be considered 
representative of the Italian situation is limited by the avail
ability of manpower and economical resources. A sample of 5000 
dwellings distributed in about 200 different towns (i.e., the 
smallest administrative units) was considered a reasonable 
compromise between cost and representativeness. A two-stage sampling 
technique is used. The parameters examined to stratify the samples 
are: 

1) geolithology of soil, rather well known and showing concen
tration of natural radioactive materials in a wide range of values; 

2) building materials, which in some cases play an important 
role for the radon concentration; 

3) climate conditions, which influence the way of life indoors; 
4) floor, where the flat is located in a multifamily house, 

being the radon concentration indoors dependent on the height from 
the ground. 

The Italian territory is divided into seven areas homogeneous 
in the respect to the geoli tho logy. The cooperation of the Rome 
University, Department of Earth Science, is acknowledged in 
performing such division. Interference between geological areas and 
the administrative units created operational difficulties preventing 
the use of geolithology as stratification parameter. Correlations "a 
posteriori" will be performed between the geolithogical areas and 
the radon indoors concentration. For building materials no satis
factory information exist at national level. 

Starting from these considerations, in the first stage the 
administrative units are chosen and in the second stage the dwel
lings are singled out. The first stage of the sample is stratified 
according to a geographycal criterion (five zones are selected) and 
to the population density (six classes are considered appropriately 
weighted) • In the second stage the strata are chosen according to 
the age of construction (before 1919; 1919-1945, after 1945) and to 
the floor where the flat is located (ground floor, first floor, 
over) .The choice of the dwellings within each stratum is at random. 

The selection of the sample is 
tuto Centrale di Statistica using 
carried out in 1981. 
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4. Operational problems 

To carry out the survey several economical, political and orga
nizational problems have to be solved. First of all, to avoid undue 
and dangerous alarm, a public information campaign shall be carried 
out directed both to the general public and to health and 
administrative authorities involved. Transparency should be man
tained in performing the survey and it is also important to avoid 
any type of economical speculation - the spread of private firms 
performing radon measurements do not give any sound contribution to 
the knowledge of the problem. 

The training of the personnel responsible for the distribution 
of the dosimeters is matter of great importance. No postal distri
bution is foreseen as the door to door approach is considered having 
the largest probability of success. The personnel shall be able to 
satisfy the questions posed by the inhabitants on the scope of the 
survey, its significance, etc. Particular attention will be required 
in preparing a questionnaire to be filled when the dosimeters will 
be distributed. The questionnaire has to contain the information 
useful to correlate the experimental measurements with those para
meters related with the indoor radon concentrations, such as heating 
system, source of waters, etc. To evaluate the average effective 
dose equivalent, other information on the inhabitants, their habits, 
distribution of ages, shall be collected. 

5. Experimental set up 

A national large survey as that just outlined requires the 
development of a radon monitor device simple, sensitive, compact and 
inexpensive. The detector consists of a heat-sealed polyethylene bag 
enclosing two track etching detectors (cfr. 4) . The inside of the 
device is completely transparent and this is particularly important 
for psycological reasons. 

One detector is a piece of LR-115: the tracks can be counted by 
the spark counter after the chemical e-t:fhing. The response of the 
detector saturates at about 3500 Bq/m in 6 months. The other 
detectors is CR-39 and is used as back up dosimeter. It is chemical
ly etched and can be counted by image analysis or by a microscope. 
The dosimeters have been extensively used for indoor and outdoor 
measurements. 

TLD-dosimeters will be used to measure gamma ray components. 
Both the radon and gamma ray dosimeters were calibrated at interna
tional level. 

Intercomparison excercises will be also planned between the 
laboratories which will take part into the survey. 

6.Conclusion 

The experience gained in the preliminary surveys (2, 3) allows 
to say that the <Jverage radon indoor concentrations will range 
around 20 - 50 Bq/m , of the same order of magnitude of those detec-
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ted in other European Community Countries. Nevertheless there are 
sound reasons to presume there will be locations where these levels 
can be exceeded by an order of magnitude. 

It is clear that before undertaking whatever action, the extent 
of the problem shall be evaluated with a certain degree of con
fidence. It is also clear that the principles given by ICRP in its 
Publication n. 39 for limiting the exposure of the general public 
should followed; as far as the possible actions are concerned, the 
distinction between existing and future housing is of paramount 
importance. Attempts should be made to set up a range of action 
levels in the first case and of upper bounds in the second one. In 
order to prevent confusion and negative effects on the public opi
nion it should be avoided that at least in the European Community 
countries different limits be set in Member States. 
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THE ORIGIN OF INDOOR RADON 

A D Wrixon, s L wan and K D Cliff 
National Radiological Protection Board, 

Chilton, Didcot, Oxon, OX11 ORQ, UK 

INTRODUCTION 

The major source of radon in single-family dwellings is the 
soil underneath (1). The principal route of entry into dwellings 
built on concrete slabs is through cracks and other openings. 
Two processes operate: the diffusion of radon through air-filled 
pores of soil and the pressure-driven flow of soil air. Small 
but persistent pressure gradients are created in the soil by the 
buoyancy of warm indoor air (the stack effect) and the effects of 
wind across open chimneys (the venturi effect) and across the 
fabric of the dwelling. Empirical and semi-empirical information 
indicates that pressure-driven flow is often the dominant 
process, particularly in the case of high radon levels (2,3,4). 
More recently, the radon transport equation describing the flow 
of radon from soil into dwellings through cracks in the concrete 
floor slabs has been solved numerically using the finite 
difference method (5). The solutions have been used to indicate 
the circumstances under which the pressure-driven flow mechanism 
might be expected to dominate and assist in the quantification of 
the parameters that determine high indoor radon levels. 

MODELS OF RADON MOVEMENT 

The steady state transport equation for the flow of radon in 
soil under concentration and pressure gradients is given by: 

D 
-e 
p 

..,2 1 "C 
y CR - - v. y R 

n p - n 
• • • . • ( 1) 

where D is the effective diffusion coefficient of radon in soil, 
p is the soil porosity, CR is the soil radon concentration and \ 
is the radon decay constant. The model assumes a uniform volume 
source of radon and C is the concentration deep below the 
surface. y is the linear flow velocity and is given by: 

v = 
k 
fJ 

'VP ••••• ( 2) 

where k is the air permeability of soil, fJ the viscosity of soil 
gas and 'VP is the pressure gradient. 

This model has been applied to a concrete raft 2r metres 
wide with a 2w em wide crack in the centre. The length of the 
crack was assumed to be large in comparison with its width and 
height. The volume of soil beneath the raft was taken to be 5 m 
deep and extended 4 m beyond the walls. The concrete slab was 
assumed to be impermeable. This geometry can be repeated to 
represent periodic cracks. 

From the transport equation, the concentration gradient of 
radon and hence radon flux at the top of the crack were 
determined (5). In this paper we calculate the radon concen
trations that would exist in a dwelling with a ventilation rate 
of 0.5 air changes per hour, a volume of 250 m3 and a floor area 
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of 50 m2
• The following values were also used: 

p = 1.83 x 10- 5 kg m- 1 s- 1
, 0

8 
= 9 x 10- 7 m2 s- 1 and p 0.35. 

THE EFFECT OF CRACKS 

Figure 1 shows the radon concentration in the dwelling 
plotted against air permeability of soil for different crack 
widths and periodicities. The radon concentration at depth was 
taken as 10 Bq m- 3 and the pressure difference at floor level 
between outside and inside air was taken as 5 Pa. This would 
arise, for example, in a dwelling with a temperature difference 
between inside and outside of about 20°C. The radon concen
tration in a dwelling with a bare floor is also shown. 

The following conclusions can be drawn from the figure: 
a) The crack width and periodicity have a relatively small 

effect on the indoor radon concentration. This would imply that 
reducing high radon ingress in dwellings by caulking of cracks in 
a concrete floor will only be effective if all cracks are sealed. 
Even minor cracks may still be significant sources of radon. 

b) At permeabilities below 10- 10 m2
, the radon concentration 

in a dwelling with a cracked floor is not substantially lower 
than would arise from a bare floor. The reduction in radon 
concentration from a cracked floor at high permeabilities is due 
to fresh air being drawn from outside through the soil adjacent 
to the walls. The model used for the bare floor did not however 
take account of the effect of fresh air being drawn from soil 
adjacent to the walls. 

THE EFFECT OF PRESSURE DIFFERENCE 

Figure 2 shows the indoor radon concentration plotted 
against air permeability for different pressure differences at 
floor level between outside and inside air (+ denotes that the 
room is at lower pressure than atmospheric; - denotes a higher 
pressure). The crack width was taken as 0.5 em with a 1m 
period. c was again taken as 10 4 Bq m- 3

• The concentration due 
to diffusion only is also shown (6P = O). 

At permeabilities below about 10- 12 m2
, the increasing 

pressure difference has relatively little effect on indoor radon 
concentrations. Between 10- 12 and about 10- 10 m2

, the concen
tration increases to a peak value which is about 15 times that 
due to diffusion alone. This peak is shifted to lower per
meabilities with increasing pressure difference but the magnitude 
of the peak value is unaffected. Beyond the peak, the concen
tration decreases with increasing permeability for the reason 
given above. Extending the sealing of the soil immediately 
adjacent to the wall would reduce the depletion of the radon in 
the soil and hence increase the radon flux into dwellings. 

For soil with a permeability in the region of 10- 11 to 
10- 10 m2

, increasing the pressure difference from 2 to 10 Pa, 
causes an increase in the radon concentration by a factor of 
about 3. Further increase in the pressure difference would not 
increase the radon concentration beyond a maximum level owing to 
the fact that the position of the peak is progressively moving 
towards the lower permeabilities. 
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The reduction in radon concentration due to a negative 
pressure difference is marked. The implication is that over
pressurisation of a dwelling may well be successful in reducing 
high radon levels. However, over-pressurisation of the dwelling 
itself may well result in condensation being produced in the 
walls. Over-pressurisation of the soil under a fairly intact 
concrete slab may however be an effective means of reducing high 
levels and avoid this problem. Such an effect has been 
demonstrated (6). 

CLASSIFICATION OF SOILS 

Figure 3 shows the bands of radon concentration c and air 
permeability of soil which result in radon concentrations in 
dwellings of 100 and 400 Bq m- 3 for a range of pressure 
differences. These values correspond respectively to the NRPB 
recommended upper bound for new dwellings and action level for 
existing dwellings (7). The figure therefore defines the 
circumstances in terms of permeability and radon in soil gas 
concentrations in which these levels might be exceeded. If 
assumptions are made regarding the radon emanating fraction of 
soils (here, an average value of 20% is used), this figure leads 
to a relatively simple classification of soils in terms of both 
radium-226 activity and radon in soil gas concentration. This is 
shown in Table 1 along with examples of possible soil types. 
Similar classifications based on more empirical considerations 
have been proposed by other workers (2,8,9) and this work 
provides some theoretical support. 

It is noted that the model discussed here does not deal with 
two matters, both of which may significantly influence radon 
ingress into dwellings. These are tunnel flow caused by cracks 
and fissures in the underlying rock and the presence of a water 
table. In the first situation, the ingress of radon will not be 
dependent on permeability, and it is possible that soil gas could 
be transported over large distances and lead to high indoor radon 
levels. Some evidence for this mechanism is provided by the 
relatively high levels observed in limestone regions (1). The 
presence of a high water table will on the other hand lead to 
reduced soil gas flow, and this also has been observed (2). 
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Table 1: Combination of radiological parameters and air 
permeabilities of soils that might lead to radon 
concentrations above the Upper Bound of 100 Bq m- 3 

2 2 6 Ra (Bq kg- 1 ) c ( Bq m- 3 
) k (m2) 

0 
Example 

25 

100 5 

500 2 

2000 2 

Figure 1: Indoor radon 
concentration versus soil 
permeability for different 
crack widths and 
periodicities 

Figure 2: Indoor radon 
concentration versus soil 
permeability for different 
pressure differences 
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AN EXPERIMENTAL STUDY ON EXHALATION OF 
222

Rn AND 
220

Rn 
FROM THE SOIL AND INFLUENCING PARAMETERS 

Gert Keller and Markus Schutz 
Biophysik und Physikalische Grundlagen der Medizin 
Universitat des Saarlandes, 6650 Homburg/Saar, FRG 

ABSTRACT 

Radon exhalation from building material is the main source of normal radon acti
vity concentration in dwellings in the Federal Republic of Germany. On the other 
hand exhalation of radon from the soil is the determining factor for the highest 
measured indoor radon concentrations. 
A special measuring device has been developed for our investigations in order to 
determine directly the exhalation rates of radon and thoron from the ground. 
Using electrostatic deposition of the radon daughter products Polonium-218 and 
Polonium -216 on a surface barrier detector and subsequent analysis of the 
measured alpha spectra the daily course of the radon exhalation from the soil has 
been recorded. For a sampling and counting time of 2 hours the lower limit of 
detection of our equipment has been established to be 0,3·10-3 Bq/m 2

• s for 
Radon-222 and 3•10-3 Bq/m 2

• s for Radon-220. During summer and autumn of 1986 the 
radon exhalation rates have been determined for various types of soil and diffe
rent atmospheric conditions. It was found that radon exhalation rates vary 
between 2·10-3 and 100·10-3 Bq/m 2

• s whereas the maximum values for Radon-220 
mounted up to 1 Bq/m 2

• s. Moreover the temperature of the soil and the air and 
such parameters as porosity and water content of the soil under investigation 
have been correlated to the measured radon exhalation rates. The movement of 
the water through the pores of the ground and the temperature gradients between 
the upper layers of the soil and the atmosphere are the decisive factors which 
dominate the transport of radon through the soil. A cartographic analysis of the 
results obtained showed regions with relatively high radon exhalation rates: In 
order to avoid high indoor radon concentrations caused by the exhalation from 
the soil in these regions special measures for the construction of buildings are 
recommended. 
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ASSESSMENT OF INDOOR RADON LEVELS IN SINGLE FAMILY HOMES 
IN NEW MEXICO, U.S.A. 

Judith Margo Metzger-Keele, Alan Hall, 
David T. Baggett and Michael Brown 

Radiation Protection Bureau 
Environmental Improvement Division 

P.O. Box 968, Santa Fe, NM87504-0968, U.S.A. 

ABS'l'RACT 

The object of this study is a statewide assessment of levels of indoor 
radon in single family homes in the State of New Mexico, U.S.A. Data from the 
northeast portion of the state are reported in this abstract. Monitoring data 
were collected over a 24 hr. period with two continuous working level monitors 
per home using protocols recommended by Environmental Protection Agency. 

Data collected in northeast New Mexico during the winter of 1986-1987 
showed the following percentages of homes were above the recommended 
guidelines of 0.02 WL established by E.P.A.: 1) 20% of 56 homes in the 
greater Santa Fe area, 2) 50% of 36 homes in the Pojaque Valley, 3) 34.8% of 
46 homes in the Espanola area, 4) 38% of 13 homes in Los Alamos and White Rock 
area, and 5) 75% of 12 homes in the Taos area. 

The respective means and ranges for these five areas were : 1) Santa Fe, 
mean • 0.015 WL (n=56), range .. 0.003 WL to 0.078 WL; 2) Pojaque Valley 
area, mean • 0.025 WL (n=36), range • 0.004 to 0.074 WL; 3) Espanola area, 
mean • 0.019 WL (n=46), range .. 0.0025 WL to 0.067 WL; 4) Los Alamos and White 
Rock area, 0.020 WL (n•13), range= 0.004 WL to 0.051 WL; 5) Taos area, mean• 
0.039 WL (n•12), range •0.007 WL to 0.092 WL-. 

Since adobe brick construction materials an! fairly common in New Mexh:o, 
the hypothesis was tested that radon/radon daughter levels are increased in 
homes with this type of construction. The respective means for areas in 
northern New Mexico are as follows: 1) Santa Fe area, mean of adobe house 
construction • 0.0140 WL (n=18), non-adobe construction mean • 0.0143 WL 
(n•37); 2) Pojaque Valley area, mean of adobe houses • 0.0276 WL (n•24), mean 
of non-adobe houses • 0.0190 WL (n•lO); 3) Espanola area, mean of adobe houses 
• 0.0215 WL (n•23), mean of non-adobe houses • 0.0166 WL (n •20). The means 
of these groups were not found to be significantly different. 

Data will also be reported from other areas of the state, this data being 
collected using the charcoal cannister method (two per home) over a 48 hr. 
period. 
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HEALTH RISKS OF INDOOR RADON GAS 

Michael J. Suess 
WHO Regional Office for Europe, Copenhagen, Denmark 

A WHO Regional Office for Europe organized Working Group 
discussed radon at a meeting in Dubrovnik, Yugoslavia, in 
August 1985. In the light of the anticipated and observed health 
prohlPms rAtised hy rAdon, the Group was asked to review and evaluate 
the risks involved, and to recommend appropriate guidelines. 

Much of the natural background radiation to which the general 
public is exposed comes from the decay of radium-226 which produces 
radon gas and other products. Because radium is a trace element in 
most rock and soil, indoor concentrations of radon can come from a 
wide variety of substances, such as building materials and the soil 
under building foundations. Tap water taken from wells or 
underground springs may be an additional source. Tests indicate 
that indoor concentrations of radon and its decay products are often 
higher than those outside. High indoor concentrations of radon are 
of concern due to the potential carcinogenicity of its decay 
products. (The US EPA has estimated that current exposure to radon 
gas could account for as much as 10% of all lung cancer deaths in 
the USA.) 

OBSERVED LEVELS OF RADON AND RADON DAUGHTERS IN INDOOR AIR 

The radon daughter concentration in indoor air is a function of 
the rate of entry into the building from the various sources, the 
effective ventilation rate removing radon from the building and the 
rate at which radon daughters settle or plate onto surfaces. A 
sizable number of buildings have been monitored, and the reports 
show that the range of mean concentrations is 10-50 Bq/m3. 
However, in a number of countries some dwellings exceed even 
400 Bq/m3 equilibrium equivalent radon (EER) concentrations. It 
is also clear that a small fraction of dwellings in each country has 
concentrations exceeding 10 times the national average of that 
country. In general, the average level of radon daughters in 
buildings can be expected to be higher in a region with high 
terrestrial gamma flux as has been found for Finland [1], and as has 
also been found for Cornwall as compared to the whole of the United 
Kingdom [2]. 

EXPOSURE AND EFFECTS 

The critical organ for exposure to radon daughters is the 
lung. The uptake of radon gas by all other routes is minor. 
Therefore, the air route is of the major concern. Upon being 
inhaled, the radon daughters will be carried into the bronchial 
region of the lungs and a substantial fraction will be deposited and 
remain there. The radioactive half-life of the radon daughters is 
of the order of 30 min, so that once deposited the alpha emissions 
will impact on the immediate region [3] and deliver a very densely 
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concentrated ionization in that tissue. The amount of radon 
daughter intake depends on the breathing rate which affects both the 
total quantity inhaled per unit time and the pattern of deposition 
in the respiratory tract. The volume of air inhaled at rest is 
about 0.5 m3/h; during physical activity this volume can reach 
1.5 m3/h or higher. The fraction of attached radon daughters 
inhaled which are deposited depends on the size of the particles and 
the breathing patterns but has been estimated as 30%. 

A minimum and irreducible exposure to radon daughters of about 
1.5 Bq/m3 EER occurs outdoors. But most people spend 80-90% a day 
in residential and nonradiation-connected occupational environments, 
which constitute their major source of radon exposure. The 
concentrations of radon daughters in these environments are 10 to 
104Bqfm3 EER, and sometimes even higher. 

UNSCEAR estimated a mean indoor concentration of 15 Bq/m3 EER 
as an average for the total population of the world's temperate 
regions [4]. Hence, a mean dose equivalent of about 15 mSv/a to the 
bronchial and 2 mSv/a to the pulmonary region from indoor exposure 
to radon daughters should be expected, corresponding to an effective 
dose equivalent of 1 mSv/a. The indoor exposure at home accounts 
for 70-80 % of this dose. In population groups living in houses 
with strongly enhanced radon levels, considerably higher dose levels 
to the target tissues in the lung will occur. 

Underground mine workers, and especially uranium mine workers, 
are exposed to substantial concentrations of radon daughters, 
equivalent to 5-days-a-week and 8-hours-a-day exposures of 
1500 Bq/m3 EER. For residential and non-occupational indoor 
exposures, this would correspond to about 430 Bq/m3 for an 
exposure factor of 80% indoor occupancy. The increased lung cancer 
risk among miners, and especially uranium miners, has been well 
documented in several large epidemiological studies. Results from 
the follow-up of more than 25 000 radon-exposed miners have been 
summarized and reviewed [4,5,6,7]. The results are consistent with 
the conclusion that at least for the lower dose range, the 
relationship between cumulative exposure to radon daughters and 
excess frequency of lung cancer is linear. This conclusion is also 
supported by the results of animal exposure studies and human 
studies on the effects of densely ionizing radiation. Assuming an 
80% occupancy of indoor environments, an annual incidence of 10-40 
cases per million persons should be expected that is attributable to 
exposure to radon daughters. The model of relative risk leads to 
the conclusion that under these conditions, about 5-15% of the 
observed frequency of lung cancer or of the lifetime risk may be 
attributable to radon daughters in the indoor environment. This 
relative risk is nearly equal for males and females, and for smokers 
and nonsmokers. The combined effect of exposure to radon daughters 
and tobacco smoke can thus approximately be described as 
multiplicative, and people exposed to radon daughters can especially 
reduce their risk of lung cancer by avoiding tobacco smoking. 

CONCLUSIONS 

1. Radon daughter concentrations in indoor environments are 
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considerably higher than outdoor concentrations which are of the 
order of 2-5 Bq/m3 EER. Mean population averaged concentrations 
in houses have been found to range to 50 Bq/m3 EER. 

2. In any region, the range of indoor radon daughter concentrations 
is substantial, with an approximately log-normal distribution; a 
small number of buildings have values of 10 times the median 
concentrations or more. 

3. The estimated risk of lung cancer attributable to inhaled radon 
daughter concentrations indoors is a significant fraction of the 
total lung cancer risk. It is estimated that at the observed mean 
levels indoors, about 10% of all lung cancer cases might be caused 
by radon daughters. Corresponding higher risk values should be 
expected in members of the public who are chronically exposed to 
higher indoor levels. At the high end of the concentration 
distribution, the risk is of the order of that caused by cigarette 
smoking. 

4. Although radon daughter concentrations cannot be reduced to 
zero, it is possible to reduce them, especially the higher 
concentrations. In most existing buildings, the radon concentration 
can be reduced by a variety of measures. In new construction, this 
can be done even more effectively. 

5. Reducing exposure to radon daughters is an effective approach to 
reduce lung cancer risks. 

RECOMMENDATIONS 

1. In general~ buildings with radon daughter concentrations of more 
than 100 Bq/m5 EER as an annual average should be considered for 
remedial actions to ~ower such concentrations, if simple measures 
are possible. 

2. Remedial actions in buildings with a radon daughter 
concentration higher than 400 Bq/m3 EER as an annual average 
should be considered without long delays (the total dose before 
remedial action should not be allowed to exceed 2000 Bq.a/m3 EER). 

3. Building codes should have sections designed to avoid levels 
exceeding 100 Bq/m3 EER in new buildings and should prescribe 
appropriate practices. 

4. All appropriate authorities should consider representative 
surveys of radon daughter concentrations in their building stock to 
identify areas that may have excessive levels. 

5. Appropriate epidemiological studies should be conducted in 
regions of high and varied radon daughter concentrations, where 
cancer case registries can be used to estimate the relative and 
absolute risks of lung cancer related to different exposures. 
Specifically, countries in those regions, such as northern Europe, 
can separately or jointly perform case-control studies, with 
appropriate controls for age, sex, occupational exposure, site of 
exposure and tobacco smoking. 
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6. Appropriate animal and epidemiological studies are still 
required and should be conducted to develop exposure-response 
relationships. 

7. Further studies should be conducted to investigate the 
dependence of indoor radon daughter concentrations on sources, 
ventilation rates and other factors to improve the basis for 
criteria to identify areas or houses with excessive concentrations 
and for measures to limit such concentrations. 

8. Comparison and intercalibration exercises between organizations 
involved in the measurement of radon and its daughters should be 
organized at regular intervals. 
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VENTILATION TECHNIQUES AND RADON IN SMALL HOUSES 

Keskinen J, Graeffe G. and Janka K. 
Physics Laboratory, Tampere University of Technology 

INTRODUCTION 

Indoor radon is the main cause of radiation exposure in Finland. The National Board 
of Health set the recommended concentration limits in 1986: an action level of 800 Bqjm3 

and a planning value of 200 Bq/m3 for new buildings. According to Castren et al. (2), the 
800 Bq/m3 concentration is estimated to be exceeded in 1.4 % of the housing. This rather 
high number has motivated a number of studies concerning countermeasures against radon 
in existing houses. 

In general, the primary types of countermeasures reported have been: locating 
and sealing of radon penetrations, sub-floor ventilation (or depressurizing) systems and 
increased ventilation ( e.g.3,4,5,11,12,13). In cost-benefit studies best applicable to the 
Finnish circumstances, the sub-floor measures have been found to be normally superior to 
the ventilation measures (3). The use of ventilation measures may, however, be reasonable 
when the existing ventilation rate is very small. An important point often neglected is the 
beneficial effect of increased ventilation on the general indoor air quality. 

Our approach to the radon problem is based on the foundings of a large national 
indoor air survey (7,8), which clearly indicated poorly designed or adjusted ventilation 
systems to be common. A large variation was observed in the air exchange rates: although 
the ventilation rates in average were acceptable, the air exchange rates in a large number of 
small houses were found to be very small and well below the limits set by the Construction 
Code. One reason for the low flow rates are the poor (non-existing) supply air systems 
which were found to be common. The increased underpressure due to the lack of supply air 
inlets often contributes to high radon concentrations even if the exhaust system is capable 
of producing an adequate ventilation rate. This is caused by the pressure-driven radon 
flow through the sub-surface structures (1,9,10). It is evident that a number of houses 
exist where problems are encountered with indoor air impurities, whenever the impurity 
source is enhanced. In addition to radon, high concentrations of C02 in bedrooms have 
been observed. 

The purpose of this study was to find out possible remedial actions against radon 
using standard ventilation techniques. The ventilation rates were not increased over 0.71/h 
in order to have a realistic view about the possibilities of the state-of-the-art techniques. 
Special attention was given to methods which would be generally applicable to a large 
number of dwellings already existing. Results are reported of a pilot study with six small 
houses with established high radon concentrations. 

EXPERIMENTAL 

The six measurement sites were selected from a larger sample of dwellings, where 
high radon concentrations had been measured. The studied dwellings represent different 
types of construction and ventilation techniques. Table 1 shows some basic data about 
the houses. The summer and winter radon concentrations were measured by the Finnish 
Centre for Radiation and Nuclear Safety using solid state nuclear dosimeters. 
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Table 1. Measuring sites. 

Site Rn, Bq/m3 Construction Total floor Stores Ventilation 
Summer /Winter year area, m2 

1 470/1840 83 173 2 exhaust 
2 1280/1960 85 216 2 supply/ exhaust 
3 1265 ~4 216 2 exhaust 
4 1430/1960 29 103 3 natural 
5 250/1810 83 115 1 natural 
6 280/430 80 104 1 supply /exhaust 

Continuous monitoring of radon was performed using meters constructed in our 
own laboratory (6). Air exchange rates, air flow rates and pressure differ<.:rtcc::; were also 
measured. Meteorological conditions- wind direction and speed, temperature ;;nd atmo
spheric pressure were obtained from the data registers of a nearby weather stat j, •n. 

' J l WINO VELOciTY AND DIRECTION 
RELATIVE TO THE BUILDING, m/s 

I \ \ \ \ 

TIME CAYS 

Figure 1. The effect of the valve of the supply inlet installed in house 1 on the radon 
concentration. The effect of atmospheric conditions on the concentration and on the flow 
rate is also evident. 

The remedial actions ranged from opening an obstructed air inlet to installation of 
complete ventilation systems. Two major types of commercial systems were used, both 
constructed to minimize the underpressure in the building: balanced mechanical ventila
tion with heat recovery and passive supply inlets with electric heating. The supply inlets 
produce a relatively large flow rate at a low pressure drop. The heating of the supply air is 
essential during the wintertime. No measures were performed in site 6, whereas the others 
were subject to following: 
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Site 1. The ventilation was re-adjusted. A supply air heater was installed downstairs (air 
ducted in to the two bedrooms). The effect ofthe inlet on the radon concentration 
is shown in Figure 1, as is the effect of atmospheric conditions on the flow rate 
through the device. 

Site 2. The ventilation was adjusted and the obstructed major supply air inlet opened. 
Site 3. A mechanical supply /exhaust ventilation system was installed, utilizing the exist

ing exhaust ducting. 
Site 4. Routes of radon entry from the soil sealed, an exhaust fan and a supply air intake 

with heater in tall ell. 
Site 5. A u;,~,·hanicai sup[>ly/exlt<.tl:c·,t system installed. Figure 2 shows the effect of the 

'y:-:t.<·Jc on tht- rarlou cottccntr:ction. 

0 
0 
~ 

0 
0 
>C 

.o 
c ~ 

"" 
0 
0 

" 
0 
0 

TIME . DAYS 

Figure 2. TL.c effect of the installed supply/exhaust ventilation system on the radon con
centration in site 5. The ventilation rate, while system OFF, is approximately the same as 
before the installation. 

RESULTS AND DISCUSSION 

Table 2 shows the obtained concentration decrease in the five dwellings and the 
approximated maximum costs including planning, equipment, installation and adjusting. 
The running costs are not presented, but were at maximum in site 5: approximately 500 
FIM/year. 

Table 2. Obtained decreases in the radon concentration and approximated total costs. 

Site 1 2 3 4 5 

Concentration decrease % 70* 40* 50 70 75 

Total cost (FIM) 4700 1000 12000 8500 14000 

*in bedrooms 
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The concentration decrease is a good approximation for wintertime. During summer 
the decrease is expected to be smaller. Observed large momentary deviations in the radon 
concentration set demands for the measurement of the effect of the measures. The on-off 
method used here combined with a long-term integrating measurement is believed to give 
reliable results. Because of the sometimes large yearly variations measurements should also 
be done in different seasons. The best results were obtained in sites 1, 2 and 5, where the 
decrease in the radon concentration was equal or better than the increase in the ventilation 
rate. In multi-stored houses 3 and 4 (partly below the surface level) complete control of 
the air could not be achieved with the simple systems used. 

CONCLUSIONS 

Although not extensive, the preliminary study shows that the use of standard, com
mercially available (balanced) ventilation equipment may be a cost-effective alternative as 
a remedy against high radon concentration. Apart from the reduction in the radiation 
exposure, these methods have other beneficial effects: decrease in the concentration of all 
indoor-source impurities as well as increased living comfort. It should also be remembered 
that the decrease in the potential alpha energy concentration obtained by increased venti
lation is normally larger than the decrease in the radon concentration. The example of site 
2 shows that the existing ventilation system should always be inspected to ensure proper 
functioning before other countermeasures take place. 

It is evident that increased ventilation is a cost-effective measure only in houses 
where the existing air exchange rate is small and/or the increase can be easily obtained. 
It is equally evident that there is a considerable amount of houses in Finland fulfilling at 
least the first condition. The next step is to find out if it is possible to characterize these 
dwellings so that they may be identified without extensive studies on the basis of basic data 
about the construction. Obtaining simple model solutions with installation instructions for 
these houses is the final object of the extension study. 
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INDOOR RADON LEVEL MEASUREMENTS IN IRAN 
USING AEOI PASSIVE DOSIMETERS 

M. Sohrabi and A. R. Solaymanian 
Radiation Protection Department 

Atomic Energy Organization of Iran 
P. 0. Box 14155-4494, Tehran 

Islamic Republic of Iran 

ABSTRACT 
A passive radon diffusion dosimeter was developed at the RPD of 

AEOI for nationwide indoor radon level measurements. Several para
meters of the dosimeter were studied. Radon levels were determined 
in about 250 houses in Ramsar ( a high natural radiation area), Tehran, 
Babolsar and Gonabad. In this paper, the results of some dosimeter 
parameters as well as radon levels in indoor air are reported. 

INTRODUCTION 
Some epidemiological studies on uderground miners exposed to 

222Rn and its daughters have shown an excess lung cancer risk (1) .rt 
is also known that the inhalation of radon and its daughters is the 
major source of natural radiation exposure of general polulation. On 
the average, about half of the annual effective dose equiva~nt(0.95 
mSv) of public living in normal radiation areas is due to Rn and its 
daughters, as reported by UNSCEAR (2). The urgence for radon control 
indoors has enforced limitation schemes in many countries (3). Ther~ 
fore, research and development on radon measurementsh~ve become of 
some concern in Iran. 

At first, active CEA-type monitors using LR-115 and Lucas cham
bers were applied (4,5). Later, due to some new findings on efficient 
registration of alpha tracks in polycarbonate (PC) by electrochemical 
etching (6,7,8), this polymer was used inside a cup for radon detec
tion; the same principal originally proposed and used by Alter and 
Price (9) and Alter and Fleischer (10) using cellulose nitrate films. 
Therefore, PC foils were used inside open cups for uranium explora
tion studies in Saghand and Arousan areas of Yazd province of Iran 
(11), or inside diffusion chambers for radon dosimetry in indoor air 
of houses jn Iran. 

SYSTEMS AND METHODS 
A passive radon diffusion dosimeter was developed at the RPD 

of AEOI as shown in Fig.l(a,b). It consists of a plastic cup, a top 
cover, a 0.025 em PC foil, a fiberglass filter under a circular ope
ning of the top cover with an aluminum mesh support. The cup and the 
cover are made tight together by a thick masking tape. The radon gas 
can diffuse through the filter while stopping the daughters. The foil 
position was optimized inside the chamber at different distances from 
the filter (Fig.lb). Chambers with different heights and different 
openings were constructed. About 1000 dosimeters were made by hand 
at optimized conditions. 

The PC foils were etched using our new multi-chamber electro
chemical etching system (13), at the conditions stated below. After 
ECE, the tracks were counted under a light microscope. The lower 
detection limit was found at 50% relative standard deviation versus 
track density to be 52 Bq/m3 for 3 months detection period. 
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Figs.l(a,b)-Cross Section of AEOI Passive Radon Diffusion Dosimeter. 

The radon dosimeters were exposed and calibrated inside c. glovebox 
wit~ some uranium ore inside to provide a natural radon field. The 
Rn field was calibrated by Lucas scintillation cells calibrated in 
turn by using a Pylon Standard Source type RN-150. Based on this 
calibration, a sensitivity of 0.05±0,007 track.cm-2/Bq.m-3.day or 
1.86±0.28 tracks.cm-2/pCi.l-l.day was obtained by etching PC foils 
under 32 kV/cm, 2kHz with 1 hr pre-etch followed by 2.5 hrs ECE in 
a mixture of 15g KOH + 40g C2H50H + 45g H20 at 25 °C. 

RESULTS AND DISCUSSION 
Details on the dosimeter parametric studies and ECE optimization 

have been reported recently (12), some results of which are reported 
here. Figs.2(a,b,c) show the effects of 11 foil positions inside 11 
different chambers with 296 cm3 volume and 5 em filter diamter.Since 
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Figs. 2(a,b,c). Effects of foil 
position on the sensitivity of 
a)filter side, b)back,c) both. 

PC has an upper cut off energy of 
1. 8 MeV ( 14), there should be enough 
length inside the chamber for atte
nuation of 5.49 6.00 and 7.68 MeV 
alphas due to 2Z2Rn, 218po and 214po 
respectively with 3.8, 4.3, and 6.3 
em ranges in air to be registered 
efficiently. The side of the foil 
facing the filter (O em, Fig.lb), 
will register only the alphas atte
nuated in the filter itself while 
its backside register all alphas 
properly attenuated in the chamber 
length, thus showing the highest 
sensitivity (Fig.2b). On the other 
hand, the side of the foil facing 
the chamber's buttom (9.5 em, Fig. 
lb) shows the lowest sensitivity 
(Fig.2b) while its filer side shows 
a high sensitivity which stays cons
tant for distances down to 5 em from 
the filter. Thus the foil in the 
middle shows an optimum and equal 
sensitivity on both sides, as shown 
in Figs. 2(a,b) with a sum showing 
the highest sensitivity(Fig.2c). 
Thus the position with 5 em distance 
from the filter was selected optimum. 
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Fig.3 shows the effect ofchanging the chamber height and thus 
its volume on sensitivity. As volume increases, the sensitivity 
increases due to proper attenuation of alphas in air to an energy 
registerable in PC. Therefore, as shown in Fig.3, 296 cm3 chamber 
shows about five times higher sensitivity than that of 140 cm 3 ;i.e. 
five times higher sensitivity for almost doubling the volume. 

Fig.4 shows the effect of filter diameter on sensitivity. When 
there is no opening in the top cover, the dosimeter still shows some 
sensitivity. By increasing the filter size from 0 to 1 em diameter, 
the sensitivity has been increased rapidly to about 2.5 times which 
has stayed constant up to 6 em studies. Thus, 2 to 3 em filter dia
meter was determined as optimum filter size. 
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H
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Fig.3 The Effect of Chamber Volume 
on the Dosimeter Sensitivity. 

Fig.4 Effect of Filter D.iame
ter on Dosimeter Sensitivity. 

Radon level measurements were carried out in about 250 random
ly selected houses in Ramsar, Tehran, Babolsar and Gonabad cities 
of Iran. Table 1 shows the brief results of radon levels in about 
250 houses in these cities. Figs. 5 and 6 also show percent frequ
ency of radon levels respectively in Ramsar and Tehran. The highest 
levels were found in some suburbs of Ramsar which have high natural 
radiation areas. In Ramsar and its suburbs, about 55% of the houses 
have radon levels below 400 Bq/m3 and 45% between 400 to 3200 Bq/m3, 

Table 1. Summarized Results of Radon Levels in fours Cities of Iran. 

NO.OF EXTREME MI.: AN S.D. WL WLM He(~~v) TOWN PERIOD HOUSES LEVELS LEVEL (Bq/m3) (F=O.S) ~ (Bq/m3) (Bq/m3) 

R.AMSAR Aug-Sep.87 85 
low 25%<95 

578 677 0.078 0.79 4.3 (50 days) high 3071 

TEHRAN Feb-May 86 80 
low 48%<so 

80 84 0. 011 0.11 0.60 (100 days) high 635 

BABOLSAR Feb-May 86 14 
low 21%<so 

88 35 0.012 0.12 0.66 (90 days) high 163 

GONABAD Aug-Sep.8u 27 
low 19%<so 

84 31 0.011 0.11 0.60 (100 days) high 156 

q*= quarter 
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Figs.5 and 6 Frequency (%) of Rn Levels in Houses of Ramsar and Tehran. 

while in Tehran about 85% of levels are below 100 Bq/m3. Although 
based on this preliminary study, determination of accurate doses can 
not be achieved, crude estimates of mean effective dose equivalent 
in the above regions, based on using an equilibrium factor of 0.5, 
80% occupancy factor and a dose equivalent conversion factor of 5.5 
mSv/WLM (2), were found to be respectively 4,4,0.61, 0.67 and 0.64 
mSv/quarter. The results of Ramsar and Gonabad are from summer mea
surements with houses usually having natural conversion which is 
expected to be at least two times higher in winter than that of summer. 

Gamma dosimetry was also carried out in houses of Ramsar by TLDs 
using CaF2:Dy bulbs and film badges; both fixed together with radon 
dosimeters on the wall. The gamma doses showed extreme values of 0.09 
to 90 mGy/q with a mean value of 6.57 mGy/q which showed a good co
rrelation between the two gamma dosimetry systems. A crude estimate 
of over-all effective dose equivalent for gamma and Rn showed a mean 
value of 10.97 mSv/q. Especially some houses in Ramsar have very high 
exposures. For example, one house showed respectively 72 mSv/q (80% 
occupancy) and 46.8 mSv/q respectively for gamma and Rn with a sum 
of 118.8 mSv/q or 11.9 rem/q resulting to 475,2 mSv/y or 47.5 rem/y. 
This is at least 10 times higher than the annual dose limit for 
radiation workers. Such preliminary results have stimulated further 
detailed dosimetric studies which is in progress. 
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MEASUREMENT AND DOSIMETRY OF INDOOR RADON CONCENTRTIONS IN KUWAIT 

AdelA. Mustafa, C.M. Vasisht, m1d J. Sabol 

Faculty of Medicine, Kuwait University and Division of 
Radiation Protection, Ministry of Public Health, Kuwait 

INTROIXJCTION 

Radon-222 is a radioactive gas that occurs naturally in the earth's 
surface. Public concern about radon gas and its decay products is growing 
fast. For most countries, 5-10 percent of the total observed lung cancer 
incidence is due to radon (1). 

Risk from radon and its daughters could be qum1tified by determining 
the level of radon concentrations indoors and the factors that influence 
them. From the measured concentration values, the annual mean radon 
concentration and its seasonal levels could be established. Population 
doses and related risk estimates from such doses could be calculated. 

Kuwait is situated north-east of the Arabian Peninsula and on the 
northern coastal area of the Arabian Gulf. All rocks in Kuwait are due to 
Sediments, containing no trace of volcanic activities, and deficient in 
their mineral contents. Therefore, the emanation of radon from the soil is 
expected to be relatively low. 

The houses monitored in this study are 5 to 10 years old. Most of them 
are insulated against the dust and outside heat. In this article we present 
results of a survey of indoor radon concentrations undertaken in different 
parts of Kuwait over a period of 15 months. More than 60 houses were 
monitored with Terradex Track- Etch SF type monitors from Terradex (USA). 
Seasonal changes were measured by replacing the detectors every 3 months. 

METHOD OF HEASUREMENT 

Most of the measurements were carried out in residential areas, in 
addition to some measurements performed in offices and occasionally 
occupied areas. Within the measuring site, the detectors were mounted at 
points far enough (about 1 .5 meters) from strong air flows. However, due to 
practical difficulties, many detectors were fixed immediately to the wall 
without observing the 0.5 meter distance from room boundaries, which would 
provide even distribution of air flow within the space. 

At least one room was monitored in each dwelling. In others, more than 
one room, situated at different floors within the same dwelling, were 
monitored. Monitors were placed for four consecutive intervals which lasted 
3 months each. Such periods reflect the seasonal changes in Kuwait which is 
marked by dry and hot summer-autumn. Thus, more time is spent indoors 
during this period with the use of mechanical ventilation and air - condi
tioning systems. 

About 45% of the monitored locations were ground floor, 29% first 
floor, 13% second floor, another 13% were third and fourth floors, and only 
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3% basement. The houses were not particularly energy efficient. They 
represent conventional living houses. 

RESULTS 

Table 1 presents the distribution of average radon concentrations 
obtained for the entire year of the study. The results in Figure 1 are 
plotted against the commulative percentage of all readings that are below a 
given concentration. The arithmetic mean of the distribution is 41 .3% Bq/~ 
with a standard deviation of 14.9 Bq/m3 

• The largest mean concentration 
is 103 Bq/m3 which is less than the 110 Bq/m3 limit adopted by the U.S. 
Nuclear Regulatory Commission for continuous exposure in controlled areas. 

Table 1 : Summary of seasonal changes of radon concentrations taken 
at various sites 

Autumn Winter Spring Summer 

Total number of readings 31 69 69 31 
Mean (Bq/m3 ) 41 43.5 42.5 41.3 
S.D (% of mean) 14.7(36) 18(41) 18.6 (44) 14.5(35) 
Range (Bq/m 3 ) 82 - 18 103 - 16 102 - 8 80 - 12 

Percentage deviation from 
all readings mean 
(40.8 Bq/m3 ) 0.5 6.6 3.7 1.2 

Figure 1 shows a deficiency in the low values as compared to those 
in the high range. The median is 40 Bq/rrr and the distribution 
calculated skeweness is + 0.29. Consequently the propability histogram 
of the values in Fig. 1 will not be symmetrical about the mean, and 
shall have longer "tail" to the right. 
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Figure 1 presents the distribution of average radon concentrations 
during one year. The abscissa shows the cumulative percentage of all 
readings that are below a given concentration. 
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SEASONAL RADON CONCENTRATION VARIATIONS 

To appreciate the significance of seasonal radon concentraitons 
seperate calculations performed are summarized in Table 2. Winter and 
spring mean values appear to be higher than those from summer and autumn. 
Due to the hot summer-autumn period, dwellings are kept tightly sealed for 
most of the day. However, houses monitored use forced-air ventilation 
systems which allow exchange of dwelling air with outside air. 

The large spread and variations in the winter readings had influenced 
the overall mean and standard deviation in the total data distribution. 

VARAITION OF RADON CONCENTRATION WITH FLOOR LEVEL 

Table 2 presents a summary of the radon concentrations at different 
floor levels. Most of the readings were in the ground, first, and second 
floors, with very few basement measurements. 

Table 2: Variation of Radon concentrations (Bq/m3 ) with floor level 

Basement Ground First Second Third 
Floor Floor Floor Floor 

Total (*) number of 
readings in each 
floor (**) 2, 4 20, 50 14, 30 12, 18 4, 8 

Mean (Bq/m3 

Summer-Autumn 53.4 47.8 41.9 37.5 26.2 
Winter-Spring 55.4 48.9 46.0 44.3 36.5 

Percentage deviation 
from basement mean(***) 

Summer-Autumn 0 -10 -21 -30 -51 
Winter-Spring 0 -12 -17 -20 -34 

Range (Bq/m3 ) 

Summer-Autumn 58-49 82-26 80-28 46-21 34-18 
Winter-Spring 64-48 103-21 102-24 68-8 54-17 

* Some readings were disregarded for being associated with high 
standard deviations. 

** The two numbers given for each floor are the Summer-Autumn 
followed by the Winter-Spring reading. 

*** The negative sign indicates reduction from the mean. 
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The results obtained in the basement were the highest with mean 
concentrations of 53.4% and 55.4% Bq/m3 for the Summer-Autumn and Winter
Spring seasons, respectively. These levels decrease on upper floors. It is 
worth noting that the percentage deviations obtained are increasing 
steadily, with almost the some rate for the floors from ground to second. 
This rate suddenly becomes higher for the third floor readings obtained for 
all seasons which possibly indicates additional ventilation due to 
increased draft at high-rise buildings. 

HEALTH EFFECTS FROM EXPOSURE 1D INIXX)R RAOON CONCENTRATIONS 

Dosimetric 1nodels for inhalation of radon daughters, with different 
assumptions used, consider the activity distribution in the respiratory 
tract in steady - state equilibrium taking into account the lung geometry, 
and the deposition and retention functions (3, 4-6). 

The BEIR Ill report (6) gives an elaborate age dependent risk factors 
of 10 x 10- 6 

6 
per WLM.y for age 35-45, 20 x 10- 6 per WLM.y for ages 45-65 

and 50 x 1 0- per WLM. y for ages above 65. We used the above model to 
calculate the distribution of lung cancers in Kuwait between the different 
age groups from a radon exposure of 0.228 WLM per year. The results are 
tabulated in Table 3 and gives 45 cases per year. 

Table 3 Distribution of lung cancer cases due to indoor radon exposure 
between the different age groups 

Group Effective Effective Lung Gancer Populatipn** Cases/Year 
Exposure duration' Rn Exposure' Risk/yrx1 or 5 

X 1 0 
(years) (WLM) 

35-44 
45-54 
55-64 
Above 64* 

29.5 
39.5 
49.5 
62 

6.73 
9.00 

11 .29 
14.13 

6.73 
18.00 
22.58 
28.26 

2.378 
1 .197 
0.428 
0.21 

16 
21 
10 
6 

*If we consider life expectency at age 65 is about 14 years, the average 
of this group will be 62. 

**Obtained from (10) 

Small differences in radon daughter induced cancer appear to exist 
after long-term follow-up studies conducted between smokers and non-smokers 
(3,7,8). Earlier studies showed a decrease in the risk ratio between the 
smoking and non-smoking population (9). Considering the estimated risk in 
this study, using the UNSCEAR model of 1 .2-2.7x10- 4 per WLM for smokers 
and the decreased risk ratio (9), the estimated risk for non-smokers in 
Kuwait would be in the range 0.6-1.3xHT 4 per WLM. Assuming 20% of the _

4 
population are smokers yields a reduced total population risk of 1 .76x10 
per~~ (30-63 cases). If we take the 1982 observed population risk of 
1 .76x1Qr 4 

, the relative risk (Rn daughters/observed) is in the range 
0.09-0.2. This means 9% to 20% of the observed lung cancer would propably 
be due to exposure to indoor radon daughters. 
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AN ESTIMATE OF THE NATURAL AND ENHANCED 
NATURAL RADIATION DOSE IN BELGIUM 

H. Van Marcke and G. Eggermont 
Laboratory of Nuclear Physics, University of Gent, 

Insitutute for Nuclear Science, RUG, 
Proeftuinstraat 86, B-9000 Gent, Belgium 

ABSTRACT 

The ICRP report 39 has reconsidered in 1983 the dose from 
natural sources of radiation from lmSv whole body dose to 2mSv 
effective dose equivalent. 

A Belgian and European research programme has been established 
in order to analyse the main exposure contribution, due to radon 
and its decay products, by numerous field investigations. 

The annual average radon concentration in Belgian dwellings, 
mainly due to Rn infiltration from the soil, is 53 Bq/m3. The 
study of the indoor aerosol and of the behaviour of Rn decay 
products in indoor air resulted in a dose conversion factor 
proportional to the radon concentration of 50 (~Sv/y)/~q/m3). 
The effective dose equivalent due to radon, 2.lmSv/y, is higher 
than the ICRP 39 total dose estimate. 

The Belgian mean value is of the same order as recent USA 
estimates. 

The other components of natural and enhanced natural radiation 
exposure are analysed referred to measurements, calculations and 
to comparisons with other European estimates. 

Interest is given to a correction of the cosmic and terrestrial 
free field measurements taking into account the interaction of 
roads and buildings. 

The different medical components still largely uncertain are 
discussed, pointing out the importance of considering both organ 
dose (particularly thyroid) and effective dose concepts. Some 
population averaged small dose contributions were reconsidered, 
concerning as well occupational doses as consumer product exposure. 

The total average effective dose to the population for the 
two geologically characteristic regions in Belgium is estimated 
at 3.8 and 5. msv. 
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INTRODUCTION 

In recent years there has been a growing concern about radon 
level indoors. Measurements of indoor 222Rn concentrations of 
residential buildings inrthe People's Republic of China are 
organized. The indoor 222 Rn survey program in the Shenzhen region 
was completed in 1986. The purpose of this paper is to present the 
results and to discuss the indoor radon variations. The dose 
estimation is also presented. 

METHODOLOGY 

Shenzhen is a special economic region of China. It is located 
between 113°46'E and 114°37'E, 22°27'N and 22°57'N. It faces the 
Daya Bay on the east and the Pearl River estuary on the west. 
Hong Kong is on its south. The climate is typically mariti~e with 
average annual rainfall of 1948mm. The temperature is between 1.4°C 
and 36.6°C, no significant seasonal variation. 

In order to obtain representative data, many measurements have 
been made in different types of dwellings and at widely distributed 
locations. Dwellings investigated were typical in each location. The 
multi-family dwellings selected were constructed with brick and 
fabricated concrete blocks. In each apartment there was water supply 
but no mechanical ventilation. Most of the high-rise buildings were 
morden hotels, or commercial buildings built with concrete, and 
morden building materials with central or separate mechanical 
ventilation system. Most of investigated detached houses were in 
the old area of the city or ir1 the rural area. They were mainly built 
of brick or stone with brick or concrete floors. Almost all dwellings 
measured were less than 5 years old except for some detached houses. 

Most of the measurements were conducted with a dual-filter 
environmental radon monitor, with decay volume of 15 lit .. The lower 
limits of detection (LLD) were 1.2 Bq m- 3 for 222 Rn. Another grab 
sampling technique used was scintillation flask radon monitor with a 
volume of 0.7 lit., the background was 0.04 counts per minute and the 
LLD was 1.2 Bq m- 3 It mainly used for checking and for rural area 
measurement. We also employed integrated activated carbor• detectors 
for comparison. Its LLD was 5.9 Bq m- 3 for exposure period of 3 or 4 
days (Re86). All these instruments were calibrated with liquid 
radium sources. The in situ intercomparison showed that the results 
of these three methods were agreeable within :24%. By the end of 1986, 
222 dwellings were investigated. Since there is no significant 
reasonal variation, the investigation covers half a year, from March 
to September. 

752 



RESULTS 

Radon-222 concentration 

Radon-222 concentration have been obtained from 19 multi
family apartments, 50 detached houses and 147 high-rise apartments. 
The frequency and cumulative frequency distributions of indoor 
222 Rn are approximately log-normal, though the existence of high 
222 Rn levels in some dwellings makes the distribution skewed. 

"'h d 222 R . . h t. ' ,, e measure .n concentrat1ons, extremes, ar1t me 1c ana 
geometric means in several types of buildings and outdoor are 
given in Table l. 

Table l ~ieasured 
222R 

concentration in diff!§ent 1.n 
types of dwellings :in Shenzhen (Bq m ) 

Types of Numbel' of Extreme Arithmetic Standard Geometric Geometric 
dwellings dwellings value mean deviation mean standard 

deviation 

High-rise 147 1.5 - 14.2 31.1 22.9 25.2 1.96 
buildings 

!·1ul ti-family 19 3.33- 52.5 15.5 11.8 11.8 2.16 
dwellings 

Detached 50 4.07- 54.0 17.8 11.8 14.4 1.93 
hcuses 

Basement G 77.7 -142 108 26.3 106 1.27 

Outdoors 10 2.78- 35.9 13.7 11.1 20.4 2.24 

0 . . l l . d" h 222 ~ t t" . d t h d 0tat1st1ca ana yses 1n 1cate t at hn concen ra 1ons 1n e ac e 
houses and multi-family apartments_~re no dif~erence, with arithmetic 
means of 15.5 Bq m-3 and 17.8 Bq m , respect1vely. The average 
concentration in high-rise buildings is 31.1 Bq m-3, significantly 
higher than that in the other two types of buildings. One of the 
probably explanation for the fact is that the air exchange rate is 
much lower in high-rise buildings as mentioned above. In basement 
the mean is 108 Bq m- 3 about 2.5, 5.1 and 6 times higher than in 
high-rise, detached and multi-family dwellings, respectively. 

For comparison, the outdoor 
222

Rn concentration is also listed 
in Table l. The arithmetic mean is 13.7 Bq m- 3 , much higher than 
the world average, 5 Bq m-3, given by UNSCEAR (Un82). The measured 
specific activity of 2 26 Ra in soil of Shanzhen region is, on 
average, 85 Bq kg- 1 , much higher than the world average, 25 Bq kg- 1 

(Un82). This may explain the higher outdoor 22 2 Rn level. 

Radon-222 daughter concentration 

Alpha potential energy concentrations of 
222

Rn daughters have 
been measured in 181 dwellings. Their frequency and cumulative 
frequency distributions are similar to the distributions of indoor 
222nn. Statistical analyses shows that the daughters' concentrations 
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in detached houses and multi-family apartments are statistically 
the same with arithmetic mean of 1.02 mWL and 0.81 mWL, 
respectively. The concentration, however, in high-rise buildings 
is significantly higher than in detached and multi-family dwellings. 

Equilibrium factor 

From the measured activity concentrations of polonium-218, 
lead-214, polonium-214 and 222Rn, equilibrium factors F were 
calculated. Table 2 listed the equilibrium factors in different 
types of dwellings as well as outdoors. It indicates that there 
are no significant differences and 0.20 is representative for all 
types of dwellings. It is much lower than the UNSCEAH estimated 
values, 0.5 for indoors and 0.6 for outdoors (Un82). The main 
reason for the low value might attribute to the high air exchange 
rate and low aerosol concentration in this subtropical city. 

Table 2 Equilibrium factors in different types 
of dwellings 

Types of Number of Extreme Arithmetic Standard 
dwellings dwellings values mean deviation 

High-rise 105 0.04-0.79 0.22 0.13 
buildings 

Multi-family 18 0.02-0.46 0.16 0.10 
apartments 

Detached 21 0.07-0.47 0.22 0.09 
houses 

Basement 5 0.11-0.19 0.14 0.03 

Outdoors 4 0.06-0.25 0.17 0.08 

DISCUSSION 

V . t" f 222 . . h . h b ar1a 1ons o Rn concentrat1on w1th e1g ts a ove ground: 
in naturally ventilated buildings, 222 Rn concentration is higher 
on lower floors, then it lows gradually as the altitute goes up. 
However, in centrally or separately ventilated buildings, this 
trend is not observed, even in a 53 story building, where the 
correlation coefficient between radon concentration and floor 
height is -0.43, it means no significant correlation exists. The 
variation of 222Rn daughters concentration with height is about 
the same. 

The influence of ventilation: The influence of ventilation on 
concentrations of indoor 222 Rn and its daughters is demonstrated. 
The concentrations in centrally and separately ventilated buildings 
are significantly higher than in naturally ventilated. The main 
reason may probably be the difference in air exchange rate. In fact 
if we use the measured air exchange rate, 226 Ra specific activities 
in building materials, and an appropriate model (Un86), the radon 
concentrations predicted are reasonably agreeable to the means 
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measured. It means that air conditioning may raise indoor 
222

Rn 
and its ctaughters concentrations and the inhancement of indoor 
air exchange rate is only way to reduce 222 Rn concentration 
indoors. 

Dose estimation: If the assumption is made that the radon 
equilibrium factor is 0.2 and that the UNSCEAR's occupancy 
factor and effective dose equivalent conversion factors, 0.061 and 
0.031 mSv (Bq m-3)-la-1 for indoor and outdoor are used (Un82), 
then the absorbed dose to T-B region and P region and effective 
dose equivalent for different types of dwellings caused by 2 2 2Rn 
daughters can be calculated, as given in Table 3. Cal~ulation 
indicates that effective dose equivalent caused by 222Rn is about 
12 times less than that listed in Table 3. 

Table 3 Estimation of annual dose caused by 
222

Rn daughters ... 
in different types of dwellings 

Absorbed dose Effective dose 

Types of EEC concentration 
( uGy) equivalent 

T-B region p region (rnSv) 
dwelling (Bq rn-3) Indoor Indoor plus 

outdoor 

High-rise 6.53 255 32.7 0.40 0.49 
buildings 

I·lul ti-fami ly 3.25 127 16.3 0.2 0.29 
apartmeLt 

Detached 3.74 146 18.7 0.23 0.3?. 
houses 

Basement 22.7 885 114 1.39 1.48 

*The doses are estimated based on arithmetic mean. 

It is evident that due to low radon and its daughter concentrations, 
the population weighted average annualeffective dose equivalent 
is about 0.3 mSv in this subtropical region. It is about one third 
of the world average estimated by UNSCEAR. For compari~on, the 
effective dose equivalent from external radiation, including 
cosmic ray, is about 1.1 mSv a-1 in this region, roughly 3.7 times 
that caused by 222 Rn and its daughters. 
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IS CR39 WORTH THE EFFORT? 
Richard V. Griffith 

Lawrence Livermore National Laboratory, University of California 
Livermore, California 94550 

INTRODUCTION 

CR39 proton sensitive track detectors were greeted by the radiation 
protection community at the end of the last decade as a major breakthrough for 
personnel neutron dosimetry. A number of laboratories eagerly began research 
on application of CR39 to their dosimetry needs. However, in the last two or 
three years the enthusiasm has subsided, and many health physicists have 
stopped working with the material. The number of participants using CR39 in 
the Oak Ridge National Laboratory Personnel Intercomparison Studies dropped 
from six in 1985 to three in 1986 [1,2]. On a national level, the Federal 
Republic of Germany with researchers active in CR39 research recently adopted 
an albedo system as their national standard [3]. In contrast, the United 
States Department of Energy (DOE) is supporting development of a CR39 based 
combination dosimeter to meet Department wide dosimetry needs [4]. The 
English National Radiological Protection Board (NRPB) now features the use of 
CR39 in the NRPB PADC(CR39) [5]. There has obviously been a range of 
experiences with CR39 in the dosimetry community. Why has this been the case, 
and what is the proper role for CR39 in personnel neutron dosimetry? 

DISCUSSION 

First, it is essential to understand that the simple term "CR39" does not 
specify the dosimeter any more than saying "neutron dosimeter." There are a 
large number of variables involved in using and processing CR39 track 
detectors, and three of the primary performance characteristics of CR39 based 
dosimeters (sensitivity, neutron energy response, and background) are highly 
dependent on the specific values of these variables. The basic detector 
processing can be done by using either chemical or electrochemical etching (CE 
or ECE). Although initially performed at room temperature (LTECE) [6,7], ECE 
can now be done at elevated temperatures (~50°C, ETECE) [8,9], with the result 
being a dose equivalent response that is much flatter in the range from 0.1 to 
5 MeV. Figure 1 illustrates generic differences in energy response between 
CE, LTECE and ETECE using typical processing conditions. Even within a 
particular etching class (ETECE for example), the energy response depends a 
great deal on the particular parameters used (Fig. 2). 

CR39 background and neutron sensitivity depend on the source of track 
detector material, age, and the full range of processing conditions--etchant 
type and concentration, etch time, temperature, pre-etch conditions 
parameters, post-etch parameters, frequency, field strength, and detector 
thickness. The effect of these conditions can sometimes be profound. In a 
recent EURADOS-CENDOS intercomparison program, 11 national laboratories 
submitted CR39 dosimeters for irradiation using 6 monoenergetic sources plus 
2s2cf [10]. Three laboratories used CE, three used LTECE, four used ETECE and 
one used two sets of dosimeters--one with CE and the other with ETECE. The 
background and neutron sensitivity ranges shown in Table 1 clearly reflect the 
effect of the particular processing protocol on detector performance. 
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TABLE 1 

Backgrounds and Cf Fission Neutron Sensitivities for Participants in 
the Joint European/USA/Canadian Irradiation Program [10] 

Processing Number Background 2s2cf Sensitivity 
Technique of Range ~ange 

Used Participants mSv em- • msv-1 

CE 4 0.16 - 1.89 297 - 969 
LTECE 3 0.19 - 0.64 43 - 160 
ETECE 5 0.05 - 3.03 424 - 721 

In addition to the problem of parameter dependent dosimeter response, CR39 
development has been inhibited by the lack of high quality, dosimetry-grade 
material capable of providing truly reproducible results. Issues of 
manufacturer differences and batch-to-batch variations in surface quality, 
background and sensitivity are well known. These problems are understandable, 
however, considering that initially the sources of CR39 were plastics 
companies that use the material for optical applications which do not require 
the quality control necessary for dosimetry. It should be remembered that 
significant materials' problems also plagued dosimetrists during the 
development of TLD. 

A final problem that caused a number of users to become skeptical of CR39 
performance was the poor performance exhibited by key commercial suppliers of 
dosimetry services. Users of these services often found that the results 
provided by the services were anomalous and inconsistent. In inter
comparisons, data provided by these services may not have been of acceptable 
quality. Unfortunately, for whatever reason--poor quality material, poor 
quality control, lack of appreciation for the details of the application, 
etc.--these experiences gave CR39 a bad image, but were not representative of 
the true potential of CR39 dosimetry. This potential is illustrated by the 
quality of results obtained in the European/USA/Canadian Joint Irradiation 
Program. 

Although a number of users have experienced problems with the development 
and use of CR39, a lot of progress has been made. Improved detector material 
capable of providing good quality results is gradually becoming available, 
although the material quality problems are by no means solved. Processing 
techniques necessary to obtain reproducible results have been identified. 
Even though different protocols yield different dosimeter characteristics, 
careful adherence to a given procedure will produce satisfactory results 
[10]. Commercial suppliers are beginning to take advantage of the experience 
of national laboratories through technology transfer programs. 

An advantage to CR39 is that the track formation properties of CR39 can 
be used to provide valuable information about the neutron field. For example, 
the etching parameter dependent variability in detector response can be used 
to perform simple spectrometry [11]. In fact, recent work suggests that 
electrochemical etch pit size distributions can be used to characterize 
neutron spectra for more accurate calibration factor assignment [12]. 
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CLOSING REMARKS 

The development problems associated with implementation of CR39 dosimetry 
have been magnified by the small numbers needed for neutron dosimetry compared 
with the large number of people monitored world-wide for photons. The.cost/ 
benefit ratio for development of CR39 is relatively high. At the same time, 
development has been slow because the financial support available for research 
is low. However, in spite of its deficiencies, CR39 is the best fast neutron 
detector currently available at a reasonable cost for routine personnel 
dosimetry. Yes, CR39 is worth the effort. 
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1. Comparison of typical CR39 neutron energy responses using chemical etching 
(CE), room temperature electrochemical etching (LTECE), and elevated 
temperature (60°C) electrochemical etching (ETECE). 
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2. Illustration of the voltage dependent ETECE CR39 neutron energy response 
for a 5 hour, 60 Hz etch, using a fixed 3000 volt, 2 kHz ECE post etch 
(approximately 30 minutes). 
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TWELVE YEARS OF NEUTRON PERSONNEL DOSIMETRY INTERCOMPARISON STUDIES 
AT OAK RIDGE NATIONAL LABORATORY: WHAT HAVE WE LEARNED? 

Richard E. Swaja 
Oak Ridge National Laboratory 

INTRODUCTION 

To provide an opportunity for dosimetrists to test and calibrate 
their personnel neutron monitoring systems in a variety of incident 
radiation fields, the staff of the Dosimetry Applications Research 
(DOSAR) Facility at the Oak Ridge National Laboratory (ORNL) has con
ducted personnel dosimetry intercomparison studies (PDIS) periodically 
since 1974 and annually since 1976 (Si82, Sw87). During these studies, 
personnel dosimeters are mailed to ORNL, mounted on phantoms and exposed 
to low-level (less than 15 mSv) dose equivalents in mixed-radiation 
fields mainly produced using the Health Physics Research Reactor (HPRR) 
at ORNL (Au65), and then returned to the participants for evaluation. 
Reported dose equivalents are compared to reference values provided by 
the DOSAR staff and to results reported by individual organizations 
which made measurements under identical conditions. These intercom
parisons, which require no fee and are open to any organization 
interested in external personnel dosimetry, have provided more data con
cerning neutron dosimeter performance characteristics in mixed-radiation 
fields than any other periodic open test program conducted to date. The 
following text presents a summary and analysis of neutron dose 
equivalent measurements reported for the Seventh through Twelfth inter
comparisons (1981-1986) using the HPRR as the source of radiation. Par
ticular factors examined include low dose equivalent sensitivity and 
measurement accuracy for the basic types of neutron personnel dosime
ters. 

INTERCOMPARISON DATA 

A total of 116 different organizations (78 from the United States 
and 38 from other countries) has participated in the ORNL intercomparis
ons. These organizations include industrial and government laboratories 
(40%), nuclear utilities (20%), universities (14%), vendor services 
(13%), military and regulatory agencies (12%), and hospitals (1%). Par
ticipants submitted a total of 5750 personnel dosimetry badges - 4700 
were exposed and 1050 were controls - for PDIS 7-12, and 3451 measured 
neutron dose equivalents were reported for HPRR-only irradiations. Most 
(about 85%) of the PDIS exposures have used the HPRR with and without 
spectrum-modifying shields as the source of radiation. About 90% of the 
HPRR irradiations have been conducted for four different shield condi
tions: unshielded (bare reactor) and the reactor shielded with 13-cm of 
steel, 20-cm of concrete, and 12-cm of Lucite. These fields range from 
a hard, almost U-235 fission neutron spectrum with relatively low ther
mal fluence and a small gamma component (unshielded HPRR) to a soft, 
hydrogen-moderated neutron spectrum with a high thermal fluence and 
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strong gamma component (Lucite-shielded spectrum). The steel- and 
concrete-shielded spectra in that order are between the unshielded and 
Lucite-shielded HPRR spectra in terms of increasing thermal component. 
The analysis presented in the following text is based on data obtained 
for these four radiation fields since they provided the most measured 
results and should give the best indication of dosimeter performance. 

Although few of the badge designs submitted by different organiza
tions are the same, the basic neutron detection mechanisms can be clas
sified into six categories: direct-interaction thermoluminescent (TLD), 
TLD-albedo, film, recoil track, fission track, and combination albedo 
plus recoil track. Direct-interaction TLD's differ from albedos in that 
direct systems are affected by all incident neutrons including thermals 
while albedo systems either discriminate against incident thermals by 
using a thermal neutron absorber or by measuring the incident thermal 
component separately. Recoil track dosimeters considered in this study 
consisted of allyl diglycol carbonate (CR-39) plastic and were electro
chemically etched to enhance track sizes. Results presented in this 
report are for those CR-39 systems that were commercially available 
between 1981 and 1986 and do not include any data for recently developed 
dosimetry-grade CR-39 and improved etching techniques (Ha87). 

LOW DOSE EQUIVALENT SENSITIVITY 

To determine the sensitivity of the basic neutron personnel 
dosimetry systems at low dose equivalents, irradiations were conducted 
for the four primary HPRR spectra at neutron dose equivalents of about 
0.5 mSv (50 mrem). Results of these studies showed that participants 
who used TLD-based systems had fewer problems obtaining measurable indi
cation (results above zero or the minimum detectable) of neutron expo
sure than did those who used track-based systems. Only approximately 4% 
of all results for albedo systems were reported as zero or below minimum 
detectable for dose equivalents of about 0.5 mSv. Combination albedo
track and direct-interaction dosimeters exhibited slightly greater dif
ficulty providing measurable indication of neutron exposure at this 
level with about 9% and 17%, respectively, of the results reported as 
zero. Track-based systems had much more difficulty providing indication 
of neutron exposure in that approximately 25% of all fission track 
results, 29% of all reported film results, and 47% of all CR-39 results 
were reported as zero or below minimum detectable. The next lowest neu
tron dose equivalent level considered in the ORNL intercomparisons was 
about 1.5 mSv (150 mrem) which is the lowest limit specified for neutron 
dosimetry accreditation testing (AN83). None of the basic dosimeter 
types exhibited any difficulty providing measurable indication of neu
tron exposure at dose equivalent levels above this value. 

MEASUREMENT ACCURACY 

The quantity of most concern to those involved in applied dosimetry 
or accreditation program testing is measurement accuracy. In this 
analysis, accuracy is indicated by the mean normalized dose equivalent 
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which is the average of all measured-divided-by-reference dose 
equivalents for a particular incident spectrum reported for PDIS 7-12. 
Measurement accuracy for albedo, direct-interaction TLD, film, and 
recoil track neutron dosimeters as a function of the four most used HPRR 
spectra (unshielded, steel-shielded, concrete-shielded, and Lucite
shielded) are shown in the figure below for neutron dose equivalents 
above 1.5 mSv. The spectra shown on the horizontal axis are ordered 
such that the neutron energies get increasingly softer (e.g., higher 
thermal neutron component) going from left to right. Points shown in 
the figure are accuracy values and represent the average normalized 
results reported for PDIS 7-12 by all participants who used a particular 
dosimeter type. Fission track systems are not included in the figure 
since only a few measurements were reported for this dosimeter type. 
Combination albedo-track dosimeters are also not included because the 
variation in accuracy as a function of incident spectrum is almost 
identical with that observed for recoil track systems. 
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Figure 1. Neutron dosimeter accuracy as a function of incident spect:um 
for dose equivalents greater than 1.5 mSv. 

The figure shows that direct-interaction TLD's, albedo systems, and 
recoil track dosimeters provide average results within about 10% of 
reference values for the hardest (unshielded) HPRR spectrum. Since most 
of these dosimeters were calibrated with hard energy spectra (e.g., 
unrnoderated californium or PuBe), this performance is expected. As the 
spectra become softer, TLD-based systems tend to overestimate reference 
dose equivalents with direct-interaction systems overresponding more 
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than albedos with increasing spectrum softness. Dosimeter types with 
threshold detection energies such as recoil track and film underestimate 
reference dose equivalents for moderated spectra by more than 20%. Film 
neutron dosimeters, which were generally calibrated in spectra much 
harder than the unshielded HPRR, also underestimate reference values for 
the unmoderated reactor spectrum. These observed variations are quali
tatively the same as would be expected if the dosimeters were calibrated 
to hard energy spectra on the order of the unshielded HPRR and no 
corrections were made to dosimeter responses to account for energy 
response characteristics and differences between incident and calibra
tion spectra. This suggests that many POlS participants are not making 
corrections to dosimeter responses or that they are using inadequate 
corrections. Despite this inferred problem, average reported results 
for all basic dosimeter types shown in the figure are within 40% of 
reference values with the exception of the direct-interaction TLD data 
for the softest incident spectrum. 
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ROUTINE NlmTRON MONITORING IN TilE FEDERAL REPUBLIC OF GERMANY 
USING A TWO-COMPONENT ALBEDO DOSEMETER SYSTEM 

1~. l'iesch, B. Burgkhardt 
Kernforschungszentrum Karlsruhe, llauplableilung Sicherheit 

Federal Republic of Germany 

INTRODUCTION 

In persnnnPI monitoring the NTA film was the only applied neutron detector for more than 25 years (I). 
However, the energy threshold at about I MeV, the relatively high fading and the gamma sensitivity 
allow only a useful application in neutron fields near accelerators. When used in personnel monitor·ing 
at reactors and in the fuel clement cycle, the NTA film never indicated neutron exposures. This ,zero 
reading" of the NTA film were sometimes taken as an alibi of negligible neutron dose contributions. 

Since ten year·s CR 39 track etch detectors have been improved in the etching technique and dosimetric 
properties. Commercially available materials, however, have not yet reached the state that materials of 
constant quality and uniformity in response and background are available for a large scale routine 
application (2). The energy threshold at about 100 keV, on the other hand, calls for a combination with 
an albedo detector. 

Energy dependence prevented a large scale routine application of albedo dosemeters in the past. This 
has been overcome by using location and facility dependent calibration factors. In the stray neutron 
fields of interest a large-scale routine monitoring (3, 4) has been recenlly realized with a two-component 
albedo dosemeter by classifying the variety of neutron fields in four types of application ar·eas. Well
known field calibration factors for each type of application area may be applied without the need of 
knowing more details about the local situation such as the neutron energy spectrum, the shielding and 
the distance to the source. The calibration factors which may significantly vary with neutron energy in 
the four areas of application are transferable to other types of TLD systems using the two-component 
dosemeter capsule. In routine monitoring therefore is in general no need to perform field calibrations at 
the actual neutron facility of interest. 

DOSEMETER SYSTEM 

The two-component albedo dosemeter· consists of a boron-loaded plastic encapsulation with an albedo 
neutron detector (i) facing the body of the wearer and an additional thermal neutron detector (a) for field 
neutrons. For special applications only track etch detectors may be incorporated. The universal albedo 
dosemeter is applicable for automatic TLD read-out systems of the manufacturers Alnor, Harshaw, 
l'anasonic and Vinten (Fig. I). 

The TLD systems applied make usc of TI.D cards with four detectors, for instance two pairs of 
TLD6001700 detectors. The TLD700 detector reading is used to subtract the gamma dose component 
from the TLD600 reading. An empirical calibration factor N N corrects for neutron energy dependence of 
the albedo detector reading M,(i). The neutron calibration factor NN == IIH/M,(i) has been derived from 
field calibrations using a 30 em polyethylene sphere as a phantom and reference dosemeter for the 
measurement of IIR using similar TL detectors in the center of the sphere. In detail, N N is the product of 
the relative neutron calibration factor nN normalized to the calibration factor in a Cf-252 neutron 
reference field, the relative neutron calibration factor nnr in the neutron reference field normalized to a 
photon calibration, and the gamma calibration factor N y for the TI.D reader given by the equation 

II 
nr 

NN N",. I 
N =(-)· (-)· N =-

y N N Y RN 
nr y 

( 1) 
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The results of field calibrations in all available types of neutron fields (3) have shown that the variety of 
neutron fields can be reduced to four typical types of neutron fields in the application areas N l-N4 
shown in Fig. 3. Within one area the relative neutron response R11/R11 r can be estimated with a 
sufficiently low scatter of about a factor of two which in general is acceptable in personnel dosimetry. At 
least in Nl and N2, constant response values may be used. In N3 and N4, the relative albedo response 
RN/R 11 r increases with the reading ratio of the albedo detector (i) and the thermal neutron detector (a). 
This ratio and the calibration curve may be used to estimate the actual albedo response in personnel 
monitoring. Behind heavy shieldings fission neutrons as well as 14 MeV neutrons may result in the 
same albedo response ( area N 1). Ther·e is the strong decision in neutron monitoring to use the albedo 
dosemeter in one field of application only. 

UOSIMETIUC ASPECTS OF ALBEUO NEUTRON UOSIMETHY 

In routine monitoring the two-component albedo dosemeter turned out to be of sufficiently low energy 
and angular dependence. On the basis of calibration factors derived from I•'ig. 3,rouline application does 
not need further investigation of workplace dependent calibration factors. The calibration factors are 
applicable in similar stray neutron fields and also transferable to other TLD systems as seen in Tab. 1 
for different neutron fields. Only in cases of higher neutron exposures it may be useful to improve the 
dose estimation by an actual field calibration. 

Within personnel monitoring the albedo dosemeter should indicate the angular dependent dose quantity 
II '(I Ol, in particular for an radiation incidence from the front half space. Also in the extreme case of 
lateral exposures the albedo detector still overestimates 11'(1 0). On the basis of field calibrations, the 
uncertainty of the albedo dosemeter reading due to energy dependence is comparable with that of the 
reference dosemeter. With respect to other ,rem-meters", the sphere of 30 em diam. offers the bwest 
energy dependence, i.e. overestimation in stray neutron fields (4). Field calibration factors are 
conservative with r·espect to the dose estimation within personnel monitoring, because the reference 
dosemeter overestimates the dose equivalent 11'(10) for frontal exposures below 1 MeV due to its energy 
dependence and for other directions of the radiatibn incidence due to its isotropic response. 

llowevcr, the application of albedo dose meters in routine personnel dosimett·y requires 
(a) the use of the personal dosemeter in only one field of application, 
(b) the need to apply once established field calibration factors for each type of application area Nl -

N 4, which ar·e applicable for TLD systems from different manufacturers, 
(c) the side correct attachment of the dosemeter encapsulation on the body. 

Fig. I Universal albedo dosemeter type 
Alnor, Harshaw, Panasonic, Vinten 
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Fig. 3 Relative neutron response RN of the albedo TLD system AI nor normalized to Rnr of a Cf-252 
scatter free reference field vs. the reading ratio M11 (a)/M 11(i) for different areas N 1 toN 4 

DOSIMETRIC PROPER'I'mS AND APPLICATION 

As shown in Tab. 2, albedo dosemeters covers a dose range which is sufficient for routine and accident 
exposures in mixed photon/neutron fields. In the case of criticality, the calibration factors ar·e well
known, the component of thermal neutrons are identified separately and the reading ratio M(a)/M(i) 
indicates changes in the shielding/scattering conditions during the exposure. These r·esults have to be 
completed by other measurements such as Na-24 in blood, P-32 in hair, by the chromosome abenation 
technique, for instance 

The effect of body-to-detector distance is comparable with other photon dosemeters. With respect to 
gamma discr·imination the dose equivalent of neutrons and gamma rays in total may be estimated 
accurately enough. 

Tab. 1 Relative neutron response of different albedo TLD systems in stray neutron fields 

I 

I 
I 

Cf-2520 

Reactor beam 

Power plant 

Fuel element 
storage2> 

Cf-2521 > 

Power plant 

RELATIVE Nl·:UTRON IU~SPONSE R11 (i)/R11(i,Cf-252) 

ALNOR IIARSIIAW PANASONIC VINTEN 
(KFK) (MPA) (GSI"l <KFKJ 

1 1 1 I 

4.0 3.94 4.3 3.55 

13.3 14.8 14.9 14.3 

3.2± 18% 4.25±21% 3.1 ±21% 

RELATIVE ANGULAR tmSPONSE Rn(i,90°)/Rn(i,0°) 

0.62 

0.56 

0.63 

0.52 

0.59 

0.53 

0.55 

0.54 

Hnwan 
±ilR 

I 

3.83± 12% 

14.0 ± 13% 

3.52± 15 o/o 

0.60±6% 

0.54 ± 4% 

I> Stray neutron field of source in 2.5 m distance and 1.25 m above noor. Field 
calibration includes room scattered neutrons 

2> Mean value and maximum scatter for 12to 20 calibration results 
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In special cases, the albedo dosemeter allows the combination with track etch detectors in order to detect 
separately neutrons above 5 MeV. The TL detectors, on the other hand, may be replaced by gamma 
insensitive IOB(n,a) track etch detectors resulting in a lower detection limit (Fig. 2). 

Tab. 2 Dosimetric properties of albedo dosemeters in stray neutron fields N I toN 4 

Dose range photons/neutrons (NI-N4) 

Random uncertainly/gamma discrimination 

Indication ofll'(lO) 

Energy and angular response R11 

(front half space) 

Systematical uncertainty 
of field calibration 

Detector-body distance effect 

Scatter in the r·esponse curves (Table I) 

0.03 mSv to I 0 Sv/(0.02-0.10) mSv lo (3-50) Sv 

0 11 < 5% for I 0 mSv/on+y < 20% for llylll 11 ~ 10 

conservative in front half space (including 90°) 

within factor 2 
N1, N2: constant R11 values 
N3, N4: calibration curve (see Fig. 3) 

conservative albedo response R11 (i), overestimation 
~50% due to energy dependence of 30 em sphere 

within ± 10% for distance up to 4 em 

within± 15%forTLDsystems 
Alnor/llarshaw/Panasonic/Vinten 

Within a governmental supported research progr·am four official dosemeter services make use of 
different automatic TLD systems of the manufacturers AI nor, Harshaw, Panasonic and Vinten. As the 
result of the joint calibration program and the long-term application in routine monitoring (4), the 
albedo dosimetry systems have been found lobe adequate dosemeters for the estimation of the neutron 
and photon dose equivalent. Within routine monitoring the lower detection limit and the uncertainly of 
neutron dose measurement have been found to be comparable with those of photon dosemeters. Since 
1986, the universal two-component albedo neutron dosemeter is the official neutron dosemeter in the 
Federal Republic of Germany which replaces Lhe neutron film dosemeter (NTA film) used so far. 
Neutron albedo dosemeters are applied routinely if the neutron dose rate at workplaces exceeds 20% of 
the photon dose rate and/or if there is a risk for an overexposure due to neutrons. 
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APPLICATION OF A TISSUE EQUIVALENT 
PROPORTIONAL COUNTER (TEPC) SYSTEM 

IN DIFFERENT RADIATION FIELDS 

C. Barth, C. Wernli 
EIR, Federal Institute for Reactor Research 
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CH-5303 WUrenlingen I Switzerland 

INTRODUCTION 

lhe TEPC system used at EIR was originally a copy of lhe JUlich counter devel 
oped by Booz, Schmitz et al. [1]. However, calculations by Morstin et al. [2], 
concerning tissue eauivalence at En > 20 MeV led us to modify the counter, ad
ding a few secondary improvements in the process. 
The counter is now made up of the following: Starting at the center, we have 
the anode wire of 0.1 mm dia. stainless steel, surrounded by the tissue
equivalent gas volume of 70 mm dia. and 70 n1m lenqU1 (a sq•i<H'e cyl indPr) at 13 
i/2 mbar, contained in turn in the 1 mm thick A-150 (Skonka plastic) cathode. 
Around this there is the modified outer shell: Instead 1•f the 20 mm P.E. shell 
of the JUlich design we now have an 8 mm Plexiglass shell, and, in order to 
have a metallic vacuum barrier (since all plsstics allow oxygen and water, 
both very detrimental to T.E. gas mixtures, to diffuse to some extent), anAl 
skin of 0.8 mm thickness. 
Attached to the base-plate of the counter (to keeo the 1eods short and noisp 
low) there is the preamplifier which feeds into the main, logarithmic amol~
fier. The log. amolifier was purchased from KFA JUlich. The pulses, now of 
comfortable signal strength, can be routed through coaxial cables of nearly 
arbitrary ·length to the mu1~icManne1 an~ly~er, where they are stored and pro·· 
cessed to yield dose and D.E. distribution, total dose and D.E. as well as the 
pHrts thereof oertaining to gamma ~nd neutron radiation, and, finally, the to
tal, y and neutron quality factors. 
The reader wishing to see the system described in more detail wi11 find this 
in [3]. 
Since the system was put into ooeration at the beginning of 1987, we have 
first spent some time calibrating it in Cs-137 gamma and Am-Be neutron fields 
of known strength (as well as getting acquainted with it and perfecting the 
evaluation), then proceeded to measurements in nuclear power stations in 
Switzerland, both PWR's (Beznau, Gbsgen) and BWR's (Leibstadt, M~ihleberg). The 
results from Gosgen and Le·ibstadt as well as a measurement performed at SIN 
are described in [3]. 
In the present paper, however, we iJre going to describe a second measurement 
at SIN and several measurements taken at the radiation therapy facilities of 
the University Hospital in Basle, Switzerland. 

SIN 

SIN, the Swiss Institute for Nuclear Research, is a 600 MeV proton accelerator 
located at Villigen (AG), Switzerland. It harbours the so-called Piotron, a 
radiation therapy fAcility using, as the name implies, pions. These are produ
ced by a 16 ~A beam of 600 ~eV orotons impinging on a Be target. Thus, all 
sorts of particles are produced, and those of the right mass and momentum are 
selected by two sets of superconducting magnets and focussed on the tumour to 
be treated, the rest being absorbed by the very massive shielding (4.5 m of 
concrete and shot concrete). A1so, the beam tunnel under the shielding hds to 
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be ventilated to evacuate the A-41 formed by n capture in Argon lest it accu
mulate in intolerable concentrations in the building. This ventilation shaft 
is, of course, a breach in the shielding, and it is on top of the elbow of 
that ventilation shaft, quite close to its emergence from the shielding, that 
we have put our counter. There, one expects a reflection or labyrinth soectrum 
of neutrons, together with a few penetration neutrons and gammas arising 
either directly from the target or from inelastic scattering and capture of 
neutrons. The measured spectrum is shown in Fig. 1 for dose equivalent 
distribution. The y, n, and total dose and D.E., the derived quality factors 
and ~n I ~Y ratio are listed in Table 1. 

iEQ~_!: Results ot the measurements at SIN and Basle University Hosoital. At 
pos. A and C the detector was covered by 5 em of lead (see text). 
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UNIVERSITY HOSPITAL BASLE 

As the central hospital serving nearly half a million inhabitants, the 
University Hospital of Basle has several radiation treatment machines, the most 
important of these being the Asklepitron, a 45 MeV Betatron manufactured by 
Brown Boveri Co., intended for high energy photon therapy and capable of de
livering 0.7 Gy/min at 1.10 m F.S.D. with a 10 x 10 em field at 5 em depth in 
a water phantom. 
Measurements have been made at the points designated A to G in Fig. 2, which 
shows the general layout of the treatment room. 

~: Ground plan of the Asklepitron room 
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The D.E. spectr~n shown in Fig. 3 was obtained at point A, with the counter 
shielded by 5 em Pb on all sides. This is a necessary precaution when working 
that close to the treatment head, for it cuts out most of the photons which, 
being so numerous, would lead to intolerable pile-up in a pulsed field with 
duty cycle~ 0.001. With the treatment head pointing downwards, as was the 
case for measurements A, C, D, E and F, a 30 x 30 x 15 em Plexiglass phan-
tom was placed in the beam at 1.10 m F.S.D. and was the source of much of the 
stray radiation, especially neutrons, the remainder coming from the floor 
below. In the case of the measurements B and G, the treatment head pointed ho
rizontally towards the concrete wall at the bottom of Fig. 2, making that wall 
the main source of stray radiation (some of course also penetrate the shield
ing). The dose rates, O.E. rates etc. of the measurements A - G are given in 
Table 1 as well as the results of remcounter measurements performed alongside 
our counter; they were measured by H.W. Nemec, Basle University Hospital. 
The very noticeable discrepancy between the neutron D.E.'s as measured by rem
counter and TEPC (the latter being a factor of three to f~ve lower than the 
former) begs for an explanation: 
Both remcounter and TEPC have a weak spot at intermediate energies, this being 
worst at about 100 keV for the TEPC (underresponding by a factor of about two 
to three, depending on outer wall thickness and material) and around 200- 300 
keV for the remcounter (overresponding by about a factor of two), so as to 
lead one to jest about taking the geometric mean as the ''true" value. The be
haviour of the TEPC improves as tne simulated diameter is reduced, but we al
ready use 1 ~m simulated diameter·, 0.5 ~m leading to frequent electric break
down. 

OUTLOOK 

We hope to have convinced our dear reader that the TEPC is a viable technique 
for· measuring dose and D.E. in mixed radiation fields, which has by now evol
ved into the early operational stage. Pacific Northwest Laboratories and one 
or two other institutions report having developed compact, rugged instruments 
designed either to be worn on the belt as a personal dosemeter or in a porta
ble version, as a latter-day ''true" remcounter. Ours is a bit bulkier and 
needs mains power, which, however, is nearly always available at neutron in
stallations. We hope to use our instrument for further measurements at medical 
installations, and at SIN, whose exotic radiation field makes the traditional 
techniques questionable. This would eventually result in a radiation survey 
with TEPC's of SIN, especially of its planned additions. 

REFERENCES 

[1] Construction and First Application of a TEPC Dose-Equivalent Meter for 
Area Monitoring 
Th. Schmitz, Th. Smit, K. Morstin, K.O. MUller & J. Booz 
Proceedings of the Ninth Symposium on Microdosimetry held at Toulouse 
(France) May 20th - 24th 1985 

[2) Tissue Equivalence of Materials for Possible Use in Area Monitoring of 
Neutron-Enriched Radiation Fields Around High-Energy Accelerators 
K. Morstin, A. Dydejczyk, F. Cartier, C. Wernli, 
EIR-Report No. 594, June 1986 

[3) Putting Microdosimetry to Work: The Measurement Campaigns of 1987 at KKG, 
KKL and SIN 
C. Barth, C. Wernli 
S·ixth Symposium on Neutron Dosimetry, Neuherberg FRG, October 12-16, 1987 



NUCLEAR ACCIDENT DOSIMETRY FACILITIES AND RESEARCH & DEVELOPMENT 
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INTRODUCTION 

Nuclear accidents involving an uncontrolled criticality excursion have 
been very rare in the nuclear industry but even so it is necessary to provide 
alarms for warning of such events and personal dosemeters for measuring doses 
to those in the vicinity of such an event. A reappraisal of past criticality 
accidents and more recent experimental studies of slow, delayed critical, 
excursions in liquid systems have focussed attention on the need to detect 
this type of excursion as well as fast transient ones(l). This need is 
reflected in the new Iso< 2 ) and IEC(3) recommendations for alarm systems. 
Personal dosimetry for nuclear accidents was the subject of intense activity 
by the IAEA in the 1970s which culminated in the publication of a compre
hensive manual( 4 ) (with an appendix summarising the 4 intercomparisons). The 
IAEA also provided a compendium ( 5 ) of neutron leakage spectra from critical 
assemblies for evaluating the doses for such accidents. The UK Ionising 
Radiation Regulations 1985(6 ) and the associated Code of Practice< 7 ) require 
approval for an accident dosimetry service. In order to obtain approval and to 
minimise the administrative costs, we have set up a users group to: provide 
traceability of dosimetry techniques to national standards; provide irradiated 
dosemeters for exercises; conduct any necessary R&D; and provide liaison with 
international organisations. 

This paper will include a discussion of the requirements for alarm 
systems and new developments in nuclear accident dosimetry. Also indications 
will be given as to future developments in computer control of counting 
systems and the provision of an expert system to interpret the measurements. 

CRITICALITY DETECTION AND ALARM SYSTEMS 

The design criteria and principles were produced by Delafield and 
Clifton(l) as a major development of earlier work by Aspinall and Daniels(S) 
incorporating the latest methods of detection (rate-of-change of dose-rate and 
neutron detectors) and knowledge of a wider range of criticality excursions 
(slow delayed to fast transient). The criteria have now been incorporated 
into an Atomic Energy Code of Practice< 9 ), which is at the moment provisional 
to allow experience on its implementation to be included. 

The characteristics of a criticality incident are described in terms of 
the minimum incident of concern and the radiation field. Consideration is 
given to: criteria for the threshold for detection; methods of detection; 
selection and siting of detectors; design principles for the alarm systems; 
testing and post-alarm procedures. For integrating detectors, it is recom
mended that the threshold of detection for solution systems of plutonium and 
uranium should be equivalent to a yield of 1015 fissions occurring over any 
duration between 1 ms and 1 minute. For metal or other systems for which it 
can confidently be judged that the probability is acceptably low that there 
are any mechanisms which could lead to a slow delayed criticality excursion, 
the upper limit of duration may be relaxed down to 5 s. In adopting a 
threshold yield for detection, the corresponding maximum (n+/) dose to 
personnel should be considered. In particular, where personnel are working 
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close to an assembly, eg at a glove box, then a tighter threshold of detection 
of 1014 fissions within 1 ms to 1 min (solutions) or 1 to 500 ms (metal) 
should be used. The time to alarm from passing the detector threshold to the 
alarm system reading full sound should be not more than 200 ms. For more 
detail of the recommendations reference should be made to the full report(l). 

The code of practice provides a step by step approach to the design of a 
complete system from the plant assessment to the provision of detectors, 
alarms and evacuation procedures. It includes: 

(a) a review of the criteria and principles; 
(b) plant assessment leading to the required characteristics for detection 

and warning; 
(c) detection criteria including thresholds; 
(d) detector siting to allow for shielding, background radiation, cabling and 

maintenance; 
(e) types of alarm and warnings, viz audible and visible, and their 

positioning; 
(f) characteristics including radiation response, time to alarm, reliability 

& spurious, alarms, maintainability, fault diagnosis and power supplies; 
(g) installation and testing; 
(h) management procedures in providing warning notices, evacuation procedures 

(eg routes), post-incident control and practical exercises. 

The code is produced to aid designers, operators, plant managers and health 
physicists to ensure that proper design principles are implemented and 
maintained to adequate standards. 

PERSONNEL NUCLEAR ACCIDENT DOSIMETRY 

In response to the regulatory requirements in the UK(G), Harwell set up a 
Nuclear Accident Dosimetry Users Group (NADUG) in 1986 to: 

(i) provide assistance to member establishments with the maintenance of 
their approvals for nuclear accident dosimetry services with the HSE; 

(ii) maintain UK expertise in nuclear accident dosimetry in order to provide 
consultancy and immediate assistance to a member establishment in the 
event of a criticality accident; 

(iii) undertake a modest programme of research & development to be steered by 
the Group members. 

Harwell has more than 20 years experience in the field including taking part 
in the first three IAEA intercomparisons and organising the fourth. In 
addition to regular steering committee meetings, two successful training 
courses have been organised to give members experience of evaluating doses to 
personnel from theoretical criticality accidents. 

The general principles, methods of dose assessment and interpretation 
employed in nuclear accident dosimetry are set out in a three part manual 
prepared in 1973(lO)_ Neutron dose is determined by simple measuring 
techniques which involve the counting of the activation in: gold (thermal and 
intermediate-energy neutrons); sulphur (fast neutrons); indium (fast 
neutrons); body sodium (total neutron fluence). A thermoluminscent dosemeter 
is used to measure gamma-ray dose. Indium ( 116Inm) activation in the 
criticality dosemeter, or film dosemeter or the site pass is used as an 
exposure indicator to identify those who have received the highest dose for 
immediate dose assessment. Following counting of the gold, sulphur, indium 
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(115Inm) and body sodium, an evaluation procedure is followed to give 
successively improved estimates of the neutron dose received. The total (n+'l) 
dose is then used to advise the doctors treating the patient as to who may 
require special hospitalisation. A full description of the system is given in 
the manuals(lO) and an up-to-date summary by Delafield(ll). 

R&D in nuclear accident dosimetry for NADUG has concentrated on 3 main 
areas: 

(i) 

(ii) 

(iii) 

development of a Mark IV Criticality Dosemeter containing a silicon 
diode< 12 ) to provide an immediate measure of neutron dose above 200 keV 
(this project is well advanced to the final design stage before 
production); 
reassessment of the interpretation of body sodium measurements (this 
project is complete); 
revision of the assessment procedures for AERE/NRPB film dosemeter 
(this project is complete). 

In the service area, NADUG has provided a revision of the assessment 
procedures in SI units which incorporates the latest information from the R&D; 
sets of traceable standard sources for calibrating counters for gold, sulphur, 
indium and sodium; a review of sites' instructions for use in an emergency. 
Future work will be discussed below but in the 18 months of operation, NADUG 
has demonstrated that for a small annual outlay (iSk) by up to 10 
organisations it is possible to provide a service and maintain a reasonable 
level of R&D in order to improve and simplify its operation. 

FUTURE DEVELOPMENTS 

New systems for criticality incident detection are being developed to 
meet the new code of practice< 9 ) These include the use of neutron detectors 
for operation in areas containing high transient gamma-ray dose rates. 

Silicon diodes could make a considerable contribution to simplifying the 
immediate determination of the neutron dose after a criticality accident and 
in improving the accuracy of dose assessment especially for well-moderated 
leakage spectra. Gold, sulphur, indium and sodium measurements will still be 
required to provide neutron spectral information for estimating organ doses 
and dose equivalent information for record purposes. The biggest impact will 
come from the use of computers. Computerisation of the system is being 
introduced gradually. Firstly, interactive programs have been written to 
facilitate the routine testing of the system and undertake a first stage 
evaluation of the counts from the activation detectors. Secondly, interactive 
programs will be provided to directly control the counters. Finally the aim 
is to move towards an expert system which will compare the evaluation with 
data from the compendium of spectra(S) and prompt for gamma-ray doses, 
orientation of the man, type of event, shielding, distance, etc. This third 
step is important in order to retain the expertise built up over the years and 
to reduce training costs. 
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CALCULATION METHODS FOR DETERMINING DOSE EQUIVALENT 

G. W. R. Endres, J. E. Tanner, 
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Pacific Northwest Laboratory 
Richland, Washington U.S.A. 

INTRODUCTION 

A series of calculations of neutron fluence as a function of 
energy in an anthropomorphic phantom was performed to develop a 
system for determining effective dose equivalent for external 
radiation sources. Critical organ dose equivalents are 
calculated and effective dose equivalents are determined using 
ICRP-26 [1] methods. Quality factors based on both present 
definitions and ICRP-40 definitions are used in the analysis. 
The results of these calculations are presented and discussed. 

The effective dose equivalent determined using ICRP-26 
methods is significantly smaller than the dose equivalent 
determined by traditional methods. No existing personnel 
dosimeter or health physics instrument can determine effective 
dose equivalent. At the present time, the conversion of 
dosimeter response to dose equivalent is based on calculations 
for maximal or "cap" values using homogeneous spherical or 
cylindrical phantoms. The evaluated dose equivalent is, there
fore, a poor approximation of the effective dose equivalent as 
defined by ICRP Publication 26. 

DISCUSSION 

Preliminary work was started in 1987 to develop methods to 
calculate and possibly experimentally determine effective dose 
equivalent. This work consisted of modifying the powerful com
puter code, Monte Carlo Neutron and Photon Transport (MCNP) [2], 
to run on a minicomputer. Next, a suitable anthropomorphic 
phantom was selected for the effective dose equivalent calcula
tions. The male MIRD phantom was modeled as an input file for 
the MCNP code. 

A number of calculations were performed with the MCNP code 
and the MIRD anthropomorphic phantom. The results were then 
used as input to a second code written at The Pacific Northwest 
Laboratory (PNL) to calculate dose equivalents to various 
tissues and calculate the effective dose equivalent as defined 
in ICRP Publication 26, with certain exceptions. The weighting 
factors used in the PNL calculations were specific to the male 
phantom and not an average of male and female as defined in ICRP 
Publication 26. The weighting factors used are given in 
Table 1. The weighting factors are slightly different than 
those given in ICRP-26 in that the female breasts were not 
included. Future calculation will be done with a female phantom 
and appropriate weighting factors. 
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TABLE 1. Effective Dose Equivalent for Monoenergetic 
Neutron Beams 

Cell 
Weighting 

Factor 

Lung 0.12 
Liver 0.00 
Stomach 0.06 
Small Intestine 0.06 
Upper Large Int. 0.06 
Lower Large Int. 0.06 
Testicles 0.25 
Thyroid 0.03 
Red Bone Marrow 0.15 
Trunk 0.06 

Dose Equivalent for Each Tissue 
Per Unit Neutron Fluence Incident 

Upon Body, mrem per n/cm2 

100 keV 1 MeV 
Neutron Beam Neutron Beam 

-7 2.65x1o_ 7 2.15x10_ 7 2.69xl0_ 8 4.45x10_ 8 7.10x1o_ 8 3.50x10_ 6 1.97x10_ 7 9.33x1o_ 9 2.89x10_ 7 5.22x10 

-6 8.85xl0_ 6 8.22x10_ 5 1.07xl0_ 6 4.62x10_ 6 6.44x10_ 6 3.94x10_ 5 2.44x10_ 5 1.78x1o_ 7 7.31x10_ 6 8.43x10 

Effective dose equivalent per unit 
fluence incident upon body, 

7~17~1a=7 1~16~1a=5 

mrem per n/cm2 

The methodology of ICRP Publication 26 requires that the 
dose equivalent be determined for various tissues in the body. 
The dose equivalent for each of these tissues is then multiplied 
by a weighting factor, and the products are summed to give the 
effective dose equivalent for the entire body. This method thus 
accounts for the attenuation of radiations within the body and 
the radiosensitivity of various tissues within the body. It 
also allows for the determination of effective dose equivalent 
in nonuniform fields and for the addition of dose equivalents 
from internal and external sources. In general, the effective 
dose equivalent is a more accurate estimator of the risks of 
radiation exposure than the currently defined dose equivalent. 

Results from the MCNP calculations are shown in Table 1 for 
100 keV and 1.0 MeV monoenergetic neutron beams. All organs 
listed are modeled mathematically in the computer code. The 
effective dose equivalent shown is for neutrons only and does 
not include the dose due to secondary photons. The MNCP code 
does, however, determine the effective dose equivalent due to 
secondary photons; that information is included in the curves 
shown in Figures 1 and 2, which show the conversion factors for 
the full energy range of the calculations. 

Figure 1 demonstrates the differences between the 
conventional fluence-to-dose equivalent conversion factors and 
the effective dose equivalent conversion factors for the 
anterior irradiation with a parallel beam of monoenergetic 
neutrons. The effective dose equivalent is at least a factor of 
two lower than the conventional dose equivalent for most neutron 
energies. At the higher neutron energies above about 10 MeV, 
the effective dose equivalent values are closer to the 
conventional dose equivalent. 
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In ICRU Report 40 [3], a joint task group of the Interna
tional Commission on Radiation Units and Measurements and the 
International Commission on Radiological Protection proposed a 
radical change in the definition of quality factor. The joint 
task group proposed that quality factor, which is now defined as 
a function of linear energy transfer (LET), be redefined as a 
function of the microdosimetric quality lineal energy. Lineal 
energy is a stochastic quantity that can be experimentally 
measured with instruments such as the tissue equivalent 
proportional counter. The quality factors in ICRU Report 40 are 
calculated at a point in tissue and were used to calculate the 
dose equivalent to the various tissues in the MTRD phantom, and 
the weighting factors of ICRU 26 were applied to determine the 
effective dose equivalent. The results of these calculations 
are presented in Figure 2 along with the conventional dose 
equivalent. 

CONCLUSIONS 

This calculational method is appropriate for most 
anticipated health physics monitoring situations. Variations in 
physical size of the human body can be taken into account as 
well as most of the potential exposure geometries (point source, 
beams, and isotropic). For many spectra, the effective dose 
equivalent is smaller in magnitude than dose equivalent 
determined by present methods. The effective dose equivalent is 
also more accurate in that it takes into account the 
radiosensitivity of the individual organs. 

In the future, differences between the male and female 
phantoms and different sizes of phantoms will be studied. 
Experimental measurements will also be conducted with an 
anthropomorphic phantom to verify the calculations. 
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ABSTRACT 

The neutron dose reassessment of atomic bomb at Hiroshima 
was done by using residual activity of 152Eu of granite rock 
specimen taken out from 41.5cm depth position inside the Motoyasu 
bridge pillar. The neutron dose Ctissue kerma in air) at a point 
of 132m of SSW direction from the hypocenter was experimentally 
evaluated to be l5.5Gy. The obtained value shows that it is 
needed to argue and include the anisotropic performance of 
Hiroshima atomic bomb warhead. After the correction of aniso
tropic effect of warhead, the source yield of Hiroshima atomic 
bomb is estimated to be 17.7kt by combining the measured value 
obtained here with DS86 calculated value. 

1. INTRODUCTION 

The results of epidemiological survey of atomic bomb sur
vivors at Hiroshima and Nagasaki give an important fundamental 
data in considering influences of radiation to a human body. The 
radiation dose of T65D <Tentative 1965 Dose; 1,2,3) has long been 
used as a foundation of dose data in estimating radiation risk 
for atomic bomb survivors. But from 1980 to 1982, Loewe pointed 
outC4,5,6) the uncertainty of T65D dose (especially about neutron 
dose). After that, the reassessment work of atomic bomb dose at 
Hiroshima and Nagasaki began widely. Four times conferences were 
held between U.S. and Japan till now (7,8,9). In the fourth con
ference, the DS86 <Dosimetry System 1986) dose assessment system 
was adopted and the revised dose was presented. In this system, 
the neutron dose was obtained by neutron transport calculations 
from the atomic bombs. The verifications of calculations were 
done for the following old measured data; 32p (10,11,12> by 
32scn,p) activation reaction and 60co <13) by 59cocn,r ). But 
these data have big uncertainties caused by statistical errors, 
sample position ambiguity and sample element composition vague
ness. In C14), the residual activity measurement of 152Eu was 
carried out by us for a deep part sample of rock at Hiroshima. 
In this report, this measured data were analyzed by a Monte Carlo 
transport calculation to get a neutron dose information. 

2. MEASUREMENT OF EUROPIUM RESIDUAL ACTIVITY IN A ROCK 

Europium exists about 1 ppm in the rock. Atomic abundance 



ratio is 47.9% for 151Eu and 52.1 % for l53Eu. Reactions of 
151Eu+n-+152Eu and 153Eu+n-. l51Eu ·were caused by Hiroshima atomic 
bomb. We mainly measured r rays of l52Eu (L)lEu was difficult to 
measure for a big decrease). \eut1·un .:~bsorption cross section of 
151Eu<n.r) reaction is picked out from E:\DF/B-V cr<l!3S section 
library, 1-1hich is r.early lhr sh~<;:·c. The magnitude of this cros.o; 
section is about 5900 barn at 0.02ScV. 

As a specimen, we chose a bridge Pil Jar {82.5LxS2.5Wxl78Hcml 
made of granite in \1otoyasu bridge at 1:32 m pnint ~·f SSW of 
hypocenter of Hiroshima IFig.ll. Th1s specimen has a clc.:~r 

situation with nu matcriat around it. Vie hol1o·wed i)UL st{.lf!·.:_' 
Ci_l!E:S of 6.8 em¢ to the directiOn f1·om east to west. nort~. t:; 
s·..-:1l~h and t~JP lo bottom t:tt .:.tb(iUt center position o£ each surf.::.ce. 
We made sto?"Ie board slices of 2 em thicr~ness :~·c·rn th~'s·-: CGl'es and 
measured residuai r rays by an intr~nstc Gc dctectnr- u£ l2 i cz~. 

The measurec result iv.iS c:rrecte·:i ;nto the absulutc activlLy at 
the time uf 8:15 a.m. on August 6 in lYJ5. The 10ck composition 
was measured for the calculation. ~oisture, which has b1g i~

f!uenc~ t0 neut1on transport, was also checked preciseiy by Karl 
Fischer volumetric method etc. The water content was 0.60± 0.08%. 
The rat1o of europium in a gran; l<: specimen was t).85~; .('5Ji gEu/ 
g-granite, which is 0.88± ~.06 ppm, by an activat1on method using 
a nuclear 1·cactor. Tr1c obl._tln(-;d act~vi ty "Aias J.27± 0 .. :28CBq/mr;Eu) 
(30.6± 2.6CBq/mgEu) on August 6 in l9.J5) ;~~ l~:;:; roc:k ce:tter. 

neutron transport calculations. The !leutron cross section;.::. that 
J.~·c :ncorpol·ntcd i.~ :..1C\:F \.~i1d•,~ w~..~rc L!.Sr_·d ~r: calcul.::tl1nns. 
151Eu(n, ( > .!.""(:action cross secL1on, E\~~r~/B-V dat.J. \•.~r:::c G~\:-.,~c·,.._ 
into appropriate groups. 

T h f'.' c .:t ; c -~1 -~ a L .t \) n w a;.:; co 71 d u c t e d by t \\; o s t e p s . F i r :; t , a p ~..~ : n i 
source term of atomic bomb based on two d1mensJonal ca.cu JiCd 

result of Streetman Cl6) was prepated at E80 m altitude 10 atr 
from the ground, and ncutro:1 ::-<.u:sp;Jrt ca:cu;atJcr. in air was 
co;Jducted. The spectral shape and angular dtstrihUtlun of 
neutrons were obtained by this ca!culaticn at a pus. tion ~f a 
rock pillar specimen. In the next step, a subrJutinc was espe
Cially prepared tha: supplied a box type plane source 1n lhc 
ne1ghborhood. of the brid.ge pLllar. Tr! th1s case, the fil·~:;t :;;tcp 
results of spectral shape and angular dlstrlbution of ncutJ·uns 
we1e used as an input for the second step calculattun. Angula• 
and energy dependent neutrons were produced toward a bridge rock 
pillar frcm Lhe box type pianc source. ?ir:ai ly, Lhe calculated 
results were summarized in the fotm f europium actiVIty to one 
neutron incidence. Caicq;;:,:cd europ1um activity to one neutron 
that was obtained by these two combinational calculations is com
P<H,;d with measured one. By lhls analysis, neul;·on fluence at a 
stone bridge pillar position is obtained. T1ssue kerma in .Jil is 
also obtained by multiplylng a kerma factor. 

Tf:e rclaticn bet\ol.'ccn mc:las~Jrcd and calcu1ated values are 

.~\exp= f .. ;\· Real· ,J { ~ \ 
, . ' 
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Here, A expis a measured 152Eu decay rate pe1· Eu lmg at the time 
of atomic bomb explosion (30.6± 2.6). f is an incident neutron 
number for these produced 152Eu. R cal is generation rate of 
152Eu per Eu-atom per source neutron obta1ned by a calculation at 
the depth of 41.5 em <0.2162x1o-24). p is Eu atom number per Eu 
1mg (3.963xlOl8). A is decay constant of 152Eu (1.649xlo-9 J. 

By substituting these values into the eq.(l), the incident 
neutron number f at a box type sauce posi t1un became 2.166 x 
lol6[n·(produced 152Eul-l]. 

Geometrical factor for one neutt·on incidence of a whole area 
of a box type neut1·on source was ¢ o= 5.217xlo-·l [n/cn{ J by the 
Mente Carlo calculation w1th no stone b1 idgc pillar. Total 
neutron £lux obtained by this analysis are ¢ = f • 0 o= 1.13U x 
1 0 l 3 [ n I c m' ]. T i s s u e k e r m a i n a i r was o b t a i n e d by m u l t i p l y ; n g 
this neutron flux by kerma factor determined ln ICRU Report 26. 
The obtained tissue kerma in air at the bridge pillar position of 
132m from Hiroshima hypocenter is 15.5Gy !1550radl. 

Corrcspt·r::ilng to tlns 132m point, T65DC2,3J, LL\iLCLoewc;GJ, 
OR~L(Kerr;17,18J and DS86!9) gave tissue kerma in air to be 
12~Gy/12.:;kl, GS.2.Gy/ 15kt, :2-i.Q Gy/12.5kt and 31.-J Gy/l5kt 
respectively. The difference between the measu1ed value and 
these calculattuns :s caused by the anisotropy of emitted 
neutrons from Hiroshima atomic bomb :F1g.2J, and we can cor1ect 
th!s effect by using Whalen's experiments \16,19! of anguiar 
neutron flux distribution uslng a repl tea of Hiroshima atomic 
t·Jmb war·hcaJ.. The f,tl"Wdrd c:omp<~ncnt suffered by a metal sh~c:ld-

ing of about 56 em thickness was decreased to 4l.G% 1n comparison 
w : L h .~;. n i so t r o p < c c· m i s s i on . Thus the c: n r l. c c ted res u l t s u 1 c a ; c u
!ated values are shown in a column oi "'anisotropic"' in Table 1 
~ :_-, g ;.; the r w i t h or i g 1 n 3. l c a ; (~ -~! l a ~ ~ d n s . 

According iv this attenuation cortec~ion and assuming a 
S<·>ircc yield of Hiroshima alum1c bullit; t" b;:: l~kt, Lhe values (.y 
T65D, LL~L. OR\L and DS86 became over ur underestimation of +289 
%, +75 %, -21 % and -15 % respectively. By contraries, we could 
assume the source yield to be unknown, and could obtain the yield 
by a n:ciprocal caiculati.on. The new snur'Ce yield was obtained 
by cumpar:ng our measured result of 15.5Gy with DS8G of 13.1Gy/ 
:Skt, because it is consici<'! .,d thai. the DS86 system is most rei,
able depending on the knowledge at the time of present. 
Whereupon, the source yield of Hiroshima atomic bomb became 17.7 
kt. This value is very near the value of 18 kt presented by 
Kau1::2oJ) :ecently. 

The atomic bumb neutron dose at 132m po1nt to SSw direction 
from Hiroshima hypocenter was reassessed th1·ough the analysis of 
cxpcrimf.ntal value of the measured l52Eu residual aclivi ty at 
41.5cm depth in gt·ani te rock. The obtained neutr;;n tissue kerma 
;n ~~rat tr:is p;..:int is l5.5Cy <155\)radl. By comparing the pre
vious estimation uf TG5D, LL\L, OR\L and DS8G, it was shown Lhat 
the cstlmutlun of anisotropic effect of emitted n;:;;Jtrons from 
Hiioshima atomic bomb warhead was required for the co1·rect dose 
evaluation on the e:uund. The source yield of Hiroshima atomic 
bomb was also estimated to be 17.7kt. This value JS very clo5e 
·,c; l8kl, the lalest estimation of Kaul in 1987. 
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Table 1 Neutron Tissue Kerma in Air at 132m Position 
from the Hypocenter of Hiroshima 

Reference Burst Source 
height yield 

570m&580m 
579m 

T65D 
Loewe 
Kerr & 
DS86 

Pace 580m 

12.5 kt 
15 kt 
12.5kt 
15 l<t 580m 

12.5kt 15kt 
Isotropic Anisotropic Isotropic 

121 Gy 50.3 Gy 
(54.3 Gy) (22.6 Gy) 
24.6 Gy 10.2 Gy 

(26.2 Gy) (10.9 Gy) 

(145 Gy) 
65.2 Gy 

(29.5 Gy) 
31.4 Gy 

This work Real height Real kt 
through the analysis of experiment. 

15.5 Gy 
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(60.3 Gy) 
27.1 Gy 
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NEUTRON FLUENCE TO DOSE AND DOSE EQUIVALENT CONVERSION 
FACTORS: A COMPARISON FOR SPECTRA OF INTEREST 

C.S. Sims 
Oak Ridge National Laboratory 

P.O. Box X, Oak Ridge, TN 37831-6379, USA 

ABSTRACT 

Many different sets of neutron fluence to dose and tluence to Close 
equivalent conversion factors are available for use by dosimetrists. Dif
ferent sets exist because there is a variety of dose and dose equivalent quan
tities in use today (e.g.; kerma, effective dose equivalent, individual dose 
equivalent-penetrating) and because different authoritative bodies (e.g.; 
International Commission on Radiological Protection) advocate the use of their 
own set of factors. For the dosimetrist to make informed decisions concerning 
the selection of a set of conversion factors, differences in results due to 
the usc of various data sets should be known. A good way to compare data sets 
is by usc of the spectrum averaged flucncc to dose and fluence to dose 
equivalent conversion factors developed from those data sets for spectra of 
interest. 

Three different sets of neutron fluence to dose conversion factors and 
four different sets of neutron flucnce to dose equivalent conversion factors 
have been used to calculate spectrum averaged values for twelve different neu
tron energy spectra. The spectra for which values have been calculated 
include Cf-252 (unmoderatcd and D 0-modcratcd), pressurized water reactors 
(four locations), and the Health Physics Research Reactor (unmoderated and 
five moderated spectra). Spectrum averaged values are compared and discussed. 
Usc of different sets of conversion factors leads to dose variations of more 
than 3~ and dose equivalent variations of more than 5~. 

Research sponsored by the Office of Health and Environmental Research, U. S. 
Department of Energy under contract DE-AC05-840R21400 with the Martin Marietta 
Energy Systems, Inc. 
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A NEW TYPE ACTIVE PERSONAL DOSEMETER 
WITH A SOLID STATE DETECTOR 

T. Nakamura, M. Horiguchi, A. Yamadera 
Cyclotron and Radioisotope Center, Tohoku University 

Aoba, Aramaki, Sendai 980, Japan 

T. Suzuki and T. Yamano 
Tokyo Factory, Fuji Electric Co. Ltd. 

Fuji-cho l, Hino, Tokyo 191, Japan 

INTRODUCTION 

At present there is no active personal neutron dosemeter 
which is commercially available and covers a wide energy range from 
thermal to MeV. There have been a few works on pocket neutron 
dosemeters that indicate the dose equivalent and a review on these 
dosemeters has been reported(l). Among of these works, two works 
by Tyree and Falk(2), and Eisen et al. (3,4) have described the use 
of a silicon surface barrier detector and proposed a small size 
and real time dosemeter for personnel monitoring. Tyree and Falk 
have used a polyethylene radiator which is sensitive in the MeV 
energy range, and Eisen et al. have extended the sensitivity to 
the energy from l eV to 15 MeV by using both B-10 and polyethylene 
radiators. 

We have developed a new type personal dosemeter by using a 
B-10 doped silicon p-n junction detector with a polyethylene 
radiator and a polyethylene moderator. The purpose of this study 
was to develop a real time neutron dosemeter with a nearly flat 
response in the energy range from thermal to 15 MeV and low angular 
dependence to the incident neutron direction. The neutron response 
of the dosemeter was obtained with the Monte Carlo calculation and 
the monoenergetic neutron experiment in a free air field and also 
under a condition attached on a phantom. 

DETECTOR DESIGN 

A planar-type silicon p-n junction detector fabricated by 
Fuji Electric Co. Ltd. was applied for a neutron dosemeter. A 
boron film enriched in 90% B-10 is deposited in about 0.6 ~m thick
ness on an n-type silicon crystal. A polyethylene radiator of 
0.8 mm thickness is positioned in front of the boron film. The 
silicon detector encapsulated in a stainless steel case is covered 
wi~h a hemispherical polyethylene moderator of l em thickness. 

This dosemeter has a sensitivity to neutrons of wide energy 
range. Low energy neutrons can be detected by alpha ions from 
the B-lO(n,a)Li-7 reaction and fast neutrons by the recoil protons 
from the elastic scattering of hydrogen in the polyethylene radi
ator, and the polyethylene moderator has a role to increase its 
sensitivity to the intermediate energy neutrons and also to depress 
its angular dependence. 
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EXPERIMENT 

The neutron response of this dosemeter was measured in the 
monoenergetic neutron field at the Fast Neutron Laboratory of 
Department of Nuclear Engineering, Tohoku University and the 
moderated Cf-252 neutron field at the Cyclotron and Radioisotope 
Center, Tohoku University. The five monoenergetic neutrons of 
energies of 150 keV, 500 keV, 1 MeV, 5 MeV and 15 MeV were produced 
by the p-T, p-Li, d-D and d-T reactions by using the Dynamitron 
accelerator. 

Figure 1 shows the experimental arrangement. The absolute 
neutron fluxes were measured by the fission chamber placed in 
front of the dosemeter. The contribution of the room scattering 
was evaluated by the shadow shield method, consisting of 20-cm 
long iron and 30-cm long boron polyethylene shield. The hydrogen 
proportional counter was also used subsidiarily as a neutron flux 
monitor. The dosemeter was placed in a free air field or in front 
of a ellipsoidal water phantom or a tissue-equivalent phantom de
veloped by the Central Research Institute of Electric Power Industry 
(5). The dosemeter response to neutrons were measured under these 
three conditions. The dosemeter was operated at very low voltage 
(+SV) in order to suppress the gamma-ray sensitivity and the out
put pulses were fed into the multi-channel pulse height analyzer. 
The thickness of the depletion layer was estimated to be about 50 
~m. 

RESULTS AND DISCUSSIONS 

Figures 2 and 3 show examples of the pulse height spectra for 
151.3 keV and 5.0 MeV monoenergetic neutrons normally incident to 
the front surface of the dosemeter attached on the water phantom. 
The pulse height spectrum for 151.3 keV neutrons shows a Li-7 peak 
and two alpha peaks corresponding to 1.47 MeV and 1.77 MeV energies 
from the B-lO(n,a) reaction, while for 5.0 MeV neutrons a plateau 
peak of recoil protons from the H(n,n) reaction is added to Li-7 
and alpha peaks. The recoil proton peak could be noticed for neu
trons of energy above 1 MeV and made an increase of the sensitivity 
of the dosemeter to fast neutrons. Only the pulses beyond the 
discrimination level indicated in Fig. 3 were integrated to obtain 
the real neutron counts, since the lower pulses included the elec
trical noises and gamma-ray pulses. The neutron response of the 
dosemeter was obtained experimentally by dividing this real neu
tron counts by the incident neutron flux measured with the fission 
chamber. The results obtained in a free air field and on the water 
phantom are shown in Fig. 4. 

The experimental results are limited to neutron energy above 
150 keV in the present stage, then the dosemeter response to neu
trons below that energy was calculated by the group Monte Carlo 
code MORSE(6). The MORSE calculation gave the neutron flux ~(E) 
at the position of the silicon detector through the polyethylene 
moderator for thermal to 15 MeV neutron incidence. The dosemeter 
response was estimated as follows, 

R = N s~(E) o(E) dE 
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where N is the total number of B-10 atoms and o(E) the B-lO(n,a) 
reaction cross section. The calculated results are also shown in 
Fig. 4 in a free air field and on a water phantom for comparison. 
The calculated results show very good agreement in absolute values 
with the experimental results below 1 MeV, where the contribution 
of recoil protons can be negligible. The neutron response of the 
dosemeter on the water phantom becomes much higher in the higher 
neutron energy range than that in a free air field, because of 
the increase of slow neutrons backscattered from the phantom. 

From the figure, it was clearly found out that the dosemeter 
has rather flat respons~ to neutrons in a wide energy range from 
thermal to 15 MeV under a condition attached on a phantom. This 
neutron response is much better than that of personal dosemeters 
now in use, such as film badge, albedo dosemeter and solid state 
track dosemeter. We are now performing to increase its sensitivity 
to neutrons and to fit the response further closer to the flux-to
dose conversion factor defined by the ICRP-21(7). 
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DEVELOPMENT OF A NEW SOLID STATE NEUTRON DETECTOR 
FOR POCKET DOSEMETER 

Toshikazu Suzuki, Toshiya Yamane, Yoshiteru Yoshida, 
Kazuo Tsukino and Takao Urushibata 

Tokyo Factory, Fuji Electric Co., Ltd. 
Fuji-cho 1, Hino, Tokyo 191, Japan 

Noritada Sato 
Research Laboratory, Fuji Electric Co., Ltd. 

Nagasaka 2-2-1, Yokosuka, Kanagawa 240-01, Japan 

SUMMARY 

A new solid state neutron detector for a pocket dosemeter was 
developed. This is one of planer type p-n junction silicon 
semiconductor detectors. A thick p+ layer of boron-10 is made on 
a n type hiqh-purity silicon substratum by a plasma CVD (Chemical 
Vapor Deposition) process. 

The detector, amplifier and discriminator are assembled as a 
hybrid integrated circuit for compactness together with a 
polyethylene radiator to obtain neutron sensitivity up to MeV 
region. 

DETECTOR STRUCTURE AND FABRICATION 

Figure 1 shows the structure of the present detector. A Sioz 
film of about 1 pm is formed by SiH~ on a surface of n type 
silicon substratum of lOk ohm-ern. A window for doping boron-10 
with enriched B2 H6 is provided on the surface by photo-etching 
process. The window is then coated with a boron-10 film of 0.6 urn 
in thickness by de plasma doping process. A p+ layer is also 
formed in the process simultaneously. Electrodes for signal lead 
are made by vacuum depositioning of aluminum onto both surfaces of 
the substratum. 

Figure 2 shows the density distribution in the boron layer of 
boron-10 atoms, boron-11 atoms, hydrogen atoms and silicon atoms. 
This distribution was obtained by a secondary ion mass analysis. 
Figure 3 shows the block diagram of the present detector. 
We have employed a charge amplifier as a preamplifier and a 
bipolar amplifier naving 1.5 ~sec shaping time as a linear 
amplifier. All these circuits consist of chip electronic parts 
and miniflat integrated circuits, and cow?OSe one hybrid 
integrated circuit mounted on a ceramic subst=atQ~ together with a 
0.8 rnrn thick polyethylene radiator (1). A bias voltage of the 
detector is +SV, which is common with a power source voltage. 
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RESULTS 

Figure 4 shows the pulse height spectrum of the detector for 
thermal neutrons. The thermal neutron sensitivity measured over 
the discrimination level in this figure is 3.50 x 16~ cps/nv, the 
sensitivity to 1 MeV and 144 keV fast neutrons is 2.52 x 16~ 
cps/nv and 3.13 x 10-~ cps/nv, respectively. Although the 
moderator is as small as 1 em, the sensitivity to fast neutrons is 
not much different from the thermal neutron sensitivity by 
measuring recoil protons from the radiator. A water phantom of 20 
x 30 x 40 em was used for these measurements. 

REFERENCES 
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EXPERIENCE WITH A FIVE ELEMENT NEUTRON DOSEMETER 

A.S. Keverling Buisman and H.W. Verhagen 
Netherlands Energy Research Foundation ECN 

P.O. Box 1, 1755 ZG Petten, Netherlands 

ABSTRACT 

The Health Physics Department of the Netherlands Energy 
Research Foundation ECN operates a dosimetry service specialized 
in beta and neutron radiation. The Department serves over 100 
clients with a total of 2000 radiation workers. Recently all 
film badges were replaced with TLD's. 

In the poster the experience with this new fully automated 
system will be reported, with emphasis on the neutron dosemeter 
results. This dosemeter consists of a four element albedo 
system, complemented with a polycarbonate track-etch detector. 
This combination is expected to yield reliable dose-equivalents 
for neutron energies from thermal to fast, also in mixed fields. 
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PERSONAL DOSIMETRY MEASUREMENTS AT THE BEVALAC 
WITH CR-39 AND NTA EMULSIONS AT A HIGH ENERGY ION ACCELERATOR 

N.A. Greenhouse, J.B. McCaslin, T.M. de Castro, 
P.R. LaPlant and R.K. Sun 
Radiation Physics Group 

Environmental Health and Safety Department 

and 

A.R. Smith 
Electronic Engineeriny Department 

and 

D.E. Hankins 
Hazards Control Department 

U.C. Lawrence Berkeley Laboratory, Building B75B 
One Cyclotron Road, Berkeley, California, USA 

ABSTRACT 

An intercomparison of neutron measurement techniques was made 
outside of a 3-foot thick concrete shield at the Bevalac during 
a period when 670 MeV·A neon ions were stopped in a copper target. 
Measurements at 90° to the beam axis were made with CR-39 and NTA 
emulsions on both stationary and rotating phantoms. Comparisons 
were made with liF thermoluminescent dosimeters in Andersson-Braun 
moderators, moderated BF3 neutron fluence monitors, carbon-11 
production above 20 MeV, and with measurements made with a 
Bonner multisphere neutron spectrometer. Of particular interest 
is the relative performance of CR-39 and NTA emulsion in a 
radiation field in which a large fraction of the dose equivalent 
is delivered by neutrons of energy greater than 20 MeV. 
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COMPARISON OF NEUTRON TRACK DETECTOR SENSITIVITY 
AS A FUNCTION OF THE ETCHING PROCESS 

M.A. Parkhurst 
Pacific Northwest Laboratory 

Richland, Washington USA 

The use of neutron track detectors made of allyl diglycol 
carbonate (ADC) is increasing as the international nuclear 
community seeks better methods to measure dose to personnel 
occupationally exposed to neutrons. The dosimetry-grade polymer 
ADC (CR-39), produced by PPG Industries, has undergone extensive 
evaluation in the past six years to prepare for its routine use 
at U.S. Department of Energy facilities. During this time many 
changes have been made in the way the CR-39 is processed. Each 
major improvement in the speed of processing or ease of readout 
has been adopted and current procedures provide excellent 
sensitivity and a nearly energy-independent energy response over 
the range of 144 keV to 2.8 MeV. 

Chemical etching with potassium or sodium hydroxide was 
first used in processing CR-39, and some laboratories continue 
to chemically etch their neutron-exposed samples. Chemical 
etching alone is the easiest etching method, requiring little 
sample handling and the fewest processing variables. The main 
drawback with chemical etching by itself is that the pits etched 
at the damage sites are very small. Material artifacts may be 
indistinguishable from radiation-induced tracks and two or more 
tracks in close proximity may merge to form a single large 
track. 

Some years ago, Luigi Tommasino from Italy and Dick 
Griffith from Lawrence Livermore National Laboratory (LLNL) 
collaborated in using electrochemical etching after a short 
chemical etch cycle. This greatly enlarged track size and 
facilitated automatic track counting. This combination also 
made discriminating between radiation damage tracks and material 
artifacts less difficult. The main disadvantage with this 
method is the double handling required for the samples. More 
recently, Luigi Tommasino tried a one-step electrochemical 
process and was encouraged by the results. Optimization of this 
process by Dale Hankins at LLNL demonstrated that the one-step 
electrochemical etch actually improved neutron sensitivity while 
reducing processing time. 

There are three major processes used to etch CR-39: 
1) chemical etch at high temperatures, 2) short chemical etch at 
high temperatures followed by electrochemical etch at ambient 
temperatures, and 3) electrochemical etch at high temperatures. 
There are many variations used in the processing of the first 
and third methods. The second process has largely been aban
doned in favor of the third process. 

Based on differences in results among the processes, there 
was evidence that the etching process selected determined the 
shape of CR-39's energy response curve. Pacific Northwest 
Laboratory (PNL) recently had an opportunity to participate in a 
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joint European/U.S./Canadian CR-39 dosimeter intercomparison and 
had sufficient numbers of samples exposed to a variety of 
energies to try all three processing methods. The samples were 
exposed to the following energies: 144, 250, 1200, 2800, 5300, 
and 14,700 keV. Some of these were from accelerators and some 
were from reactor beams. Monoenergetic exposures to the same 
energies were also performed using PNL's Van de Graaff 
accelerator to provide an additional comparison of results of 
the electrochemically processed samples only. All samples were 
exposed in air to incident beams. A nominal 5 mil covering of 
polyethylene on top and bottom of each sample served to protect 
the samples from alpha irradiation from radon exposure and to 
act as a neutron radiator. 

An attempt was made to use standard conditions for the 
etching processes. Some variations in the energy response curve 
would be expected as parameters are changed. Parameters used 
for the chemical etch were 6.5 N KOH at 70°C for 14 hours. The 
samples were etched in an agitated water bath and were manually 
read out using a magnification of 400X. The resulting energy 
response curve is presented in terms of tracks/cm 2-mrem 
(Figure 1) and the data points are summarized in Table 1. The 
results show no response above background at 144 keV and a 
maximum at 2800 keV. 

Samples processed by chemical/electrochemical etching were 
etched using the following parameters: chemical etch at 6.5 N 
KOH and 60°C for 3 hours followed by electrochemical etch using 
6.5 N KOH and a voltage of 2500 V and 2000 Hz for 5 hours. This 
combined process detected the 144-keV neutron exposures and 
peaked at 1200 keV (Figure 2). An automated image analysis 
system was used with a 4X objective lens magnification to count 
the tracks in these samples. 

The electrochemical etch at high temperatures was performed 
using the following parameters: electrochemical etch with 
6.5 N KOH in an oven at 60°C at 2500 V and 60 Hz for 5 hours, 
followed by an increase in frequency to 2000Hz for 23 minutes. 
This process produced a curve that detected the 144 keV with 
much improved efficiency and showed much less change in the 
response up to 2800 keV (Figure 3). The response at 14,700 keV 
was detected with good efficiency. These samples were counted 
automatically using a 4X objective lens magnification. As was 
illustrated with both other processes, the response drops at the 
5300 keV point. Because the curve was not as smooth as seen in 
previous monoenergetic studies, samples exposed at the PNL 
accelerator for comparison were processed by electrochemical 
etch. Results of these exposures show a smooth curve (Figure 4) 
and a maximum response holding quite steady from 144 keV to 
565 keV. 

A summary of the results from the three processes, includ
ing the additional accelerator exposures, records the tracks/cm 2 

per mrem and mSv (Table 1). 
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TABLE 1. Summary of neutron energy response as tracks/cm 2-mrem, 
msv 

Electrochemical Etch: 
Energy, Intercomparison (I) I 

keV Chemical Etch Chemical/Electro Accelerator {A} 

(I) (A) 
144 -0- 0.35 (35) 5.98 (598) 9.43 (943) 
250 1.15 ( 115) 0.63 (63) 9.92 ( 992) 9.73 (973) 
565 1. 46 (146) 1. 7 5 (175) 7.83 (783) 9.25 (925) 

1200 3.50 (350) 3.30 (330) 7.35 (736) 7.63 (763) 
2800 4.76 (476) 2.00 (200) 5.75 (575) 7. 11 ( 711) 
5300 2.72 (272) 0.49 (49) 1. 89 (189) 1. 86 (186) 

14700 1. 63 (163) 0.86 (86) 2.31 (231) 4.20 (420) 

Analysis of the shapes of the energy response curves 
resulting from the three processing methods was initiated to 
identify differences in the response curves. This was carried 
out for two reasons: to confirm that the electrochemical process 
had the flattest energy response curve over the widest range and 
to run all three methods on the same samples to look for useful 
differences that may assist in passive spectrometry. With the 
5-mil radiator thickness and the stated processing parameters, 
the results showed that chemical etching by itself did not 
detect 144-keV neutrons and the efficiency in terms of tracks 
per mrem was low up to 1200 keV. An interesting aspect is that 
the efficiency at the higher energies of 5300 and 147,000 keV 
was reduced more slowly than with the other two processes. The 
chemical/electrochemical process showed a higher efficiency than 
chemical etching alone in detecting the lower energy neutrons, 
and it has a smoother curve than the others, but its overall 
energy dependence is greater than desired. 

Samples processed by electrochemical etch at high tempera
tures demonstrated a higher response for each exposure energy 
and a flatter overall response. Compared with the other 
intercomparison samples, the curve shows a smaller change in the 
sensitivity between 144 and 2800 keV with a peak at 250 keV. 
The efficiency in terms of tracks/dose equivalent is 
considerably higher for electrochemical etch than for the other 
two processes. The curve resulting from exposures at the PNL 
accelerator provides an especially notable curve in showing very 
little energy response from 144 keV up to the 5300-keV point. 
This greatly reduces the complexity in interpreting results from 
samples exposed to more than one primary energy in this range. 
From the aspects of energy dependence and neutron sensitivity, 
this study shows that under the conditions stated, electro
chemical etching at elevated temperatures is superior to 
chemical and chemical/electrochemical etching of CR-39 neutron 
track detectors. 

[This work was performed for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 in support of the Personnel 
Neutron Evaluation and Upgrade Project managed by Pacific 
Northwest Laboratory.] 
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ADVANCES IN THE DEVELOPMENT OF CR-39 BASED NEUTRON DOSIMETERS 

D.E. Hadlock and M.A. Parkhurst 
Pacific Northwest Laboratory 

Richland, Washington, USA 

A combination thermoluminescent dosimeter (TLD) and track 
etch dosimeter (TED), which can be used for detecting neutrons 
over a wide energy range, has been developed through recent 
research in passive neutron dosimetry. This dosimeter uses 
Li-600 TLDs to detect thermal and low energ{a~eutrons reflected 
from the body, and the TED polymer of CR-39 , to detect fast 
neutrons from proton recoil interactions with the polyethylene 
radiator or with CR-39 itself. Some form of the combination 
dosimeter is currently in use at several U.S. Department of 
Energy (DOE) facilities, and its use is expected to expand over 
the next year to include all DOE facilities where significant 
neutron exposures may occur. The extensive research conducted 
on the TED component over the past six years has continually 
focused on material improvements, reduction in processing time 
and dosimeter handling, and ease of sample readout with the goal 
of automating the process as much as possible. 

Material Improvements 

Since the beginning of DOE's involvement in track detector 
development, many improvements have been made in the materials 
and sample processing. Of the track detector materials avail
able, CR-39, the highly cross-linked polymer of allyl diglycol 
carbonate, is the best material found to date for neutron 
detection over a wide range of energies. In recent years a 
higher purity of CR-39 monomer has been available and has led to 
a polymer with greatly improved detection consistency and 
reduced background tracks. With a nominal purity of 93%, this 
monomer has been dubbed "dosimetry grade." Anticipating that 
higher purity material may prove even better, further purifica
tion on a small scale led to almost nonexistent background on 
the resulting samples. A larger scale demonstration is underway 
to determine whether an ultra-high-purity material is worth
while. 

It was believed that the neutron damage of CR-39 was 
occurring at the polymer cross linkages. Researchers at the 
University of Connecticut, in conjunction with the Pacific 
Northwest Laboratory (PNL), provided experimental evidence that 
proved this was the case. They encased CR-39 into sealed 
aluminum containers and exposed the samples to several hundred 
thousand rad. Chemical analysis of the exposed samples indi
cated the presence of diethylene glycol and led to the con
clusion that the carbonate bonds in the side-chain cross 
linkages were the sites of the majority of neutron-induced 
damage. With this in mind, they set out to add a second 
component to CR-39 with more proton-sensitive functional groups 

(a)Trademark of PPG Industries, Inc. 
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to make a CR-39 copolymer that is more neutron-sensitive. 
Chemical bonding and mechanical problems have prevented real 
success to date, but the efforts continue to develop a more 
sensitive material. 

In addition to material improvements, current research 
goals are to expand the neutron energy range of CR-39 with the 
use of specialized radiators and process changes. 

Processing Improvements 

Processing of CR-39 was initially done by chemical etching 
and then by a chemical/electrochemical etch. A process using 
only electrochemical etching at elevated temperatures has been 
developed that shows a superior efficiency in track detection 
and has a nearly flat energy response curve over the energy 
range from about 150 keV to about 3 MeV. Considerable optimiza
tion of the electrochemical process has led to selecting 
parameters that include a two-cycle etch. 

For this process, sample chambers are preheated in an oven 
at 60°C and a 6.5 N potassium hydroxide solution is added to the 
chambers to begin the etch. The first cycle is operated at 
about 47,000 V/cm of material thickness and a frequency of 60Hz 
for 5 hours. The second cycle uses the same voltage but raises 
the frequency to 2000 Hz. This cycle runs for 23 min. The 
samples are then ready for track counting. This process 
produces 7 to 9 tracks/cm 2-mrem (700 to 900 tracks/cm2-mSv) over 
the most efficient portion of its energy range from about 150 
keV to 3 MeV. 

The sample chamber design has also been greatly improved 
over the past few years from single cell chambers to 8- and 
24-cell chambers. These multi-cell chambers have facilitated 
processing large numbers of badges and reduce the variation in 
the microenvironment surrounding the samples. A programmable 
power supply has been developed to keep the voltage steady and 
automatically change the frequency at the appointed time. 

New image analysis systems provide many more options in 
sample readout. Optical systems capable of providing a direct 
count of the sample numbers and digitizing imaging systems 
capable of also analyzing the size and shape of the tracks are 
currently in use. The extent of automation varies from track 
counting only to automated stage movement, sample hoppers, auto
focusing of the microscope, and sophisticated software to 
interface the components and manage the data files. 

Track Size Distributions 

With the use of automated track counters with size dis
criminators, it has been possible to evaluate the track size 
(area) distributions as a function of energy. A difference in 
track size with energy has been theorized by many researchers, 
and it is evident from observing tracks from monoenergetic 
sources versus continuous energy sources that differences in 
track size exist. Evaluation of samples from a series of 

300 



monoenergetic exposures shows such differences exist. 
Histograms of the shape of the size distribution curve changes 
in an orderly pattern with energy (Fig.1). A pattern developed 
going from a single peak to a bimodal formation and then back to 
the decreasing size distributions. The exposures represented in 
the figure were about 200 mrem (2 mSv) but fluences were not 
identical and the graphs were not normalized. Therefore, their 
shapes, not their magnitudes, are important. Not all of these 
are specifically distinguishable from each other, and it is too 
early to tell if they truly have identifying signatures. The 
144 keV and 2.8 MeV results, for instance, look very similar. 

With too little dose, a pattern may not be evident. With 
high doses, the tracks become deformed, smaller, and too uniform 
for analysis. It is not yet known how samples exposed to 
several spectra may be interpreted. Work is continuing to 
clarify the track-size distribution relationship and to deter
mine whether it may have any benefit in evaluating dosimeters 
for spectra to which the personnel were exposed. 

[This work was performed for the U.S. Department of Energy 
under Contract DE-AC06-76RLO 1830 in support of the Personnel 
Neutron Evaluation and Upgrade Project managed by Pacific 
Northwest Laboratory.] 
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A PERSONNEL NEUTRON DOSIMETRY SYSTEM USING LOW FREQUENCY 
ELECTROCHEMICAL ETCHING 

Dale E. Hankins, Steven Homann and Joane Westermark 
Lawrence Livermore National Laboratory 

P.O. Box 5505, L-386, Livermore, CA 94550, USA 

ABSTRACT 

We have developed a personnel neutron dosimetry system based on the electro
chemical etching of CR-39 plastic at elevated temperatures. We use a three
step etching procedure. Our first etching step is at 60 Hz, 3000 V for five 
hours 1n a 60°C oven using 6.5 N KOH. The second etching step consists of an 
additional 23-minute etch at 60°C, 2~0 kHz, and 3000 V, which increases the 
track size. The final step is a 15-minute post etch at 60°C, which gives the 
track a smoother appearance. 

The foils are etched in etch chambers that can process up to 24 foils. 
Several of these chambers can be used simultaneously with a single power 
supply. These chambers are rugged and have been used daily for over a year. 

The sensitivity of the system is about 5 tracks/mrem with a background of 
about 8 mrem, giving us a lower limit of sensitivity of approximately 10 mrem 
for the dosimeter (when three foils are used). At 400 mrem the precision of 
the foil's results has a standard deviation that averages about 5%. The 
dosimetry system is linear up to about 600 mrem and can be corrected for doses 
up to 2 rem. The energy dependence is fairly flat from 150 KeY up to 5 MeV, 
but drops by 421 at 14 MeV. It has no response to thermal or intermediate 
energy neutrons. 

We observe no fading of the latent tracks. The dosimeter has a significant 
variation in directional response, dropping to about 30% at 90 degrees. We 
have studied the effect that changes in the etching parameters have on the 
results. These parameters include KOH normality, high voltage, frequency, 
etch time, oven temperature, and pre- and post-etch procedures. We are 
presently studying the relationship between the track size distribution and 
the incident neutron spectrum. 

*This work was performed under the auspices of the U.S. Department of Energy 
by Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48. 
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A 1/V ABSORBER DETECTOR FOR MEASURING NEUTRON SPECTRA 

J.E. Tanner, W.O. Reece, L.W. Brackenbush and R.I. Scherpelz 
Pacific Northwest Laboratory 

INTRODUCTION 

Accurate neutron spectrometry for intermediate energy 
neutrons (in the range of about 1 eV to 100 keV) is extremely 
difficult with any existing portable neutron spectrometer. 
Time-of-flight and crystal scattering methods are used, but the 
techniques cannot be applied in portable instruments. The 
Bonner sphere or multisphere spectrometer is often used by 
health physicists for measuring neutron spectra over a wide 
range of energes, but the unfolding technique requires choosing 
one of an infinite number of mathematically correct solutions to 
the Fredholm integral equations. For intermediate energy 
neutrons, the responses of the various conventional Bonner 
sphere configurations are not distinctive enough to provide 
meaningful intermediate energy spectra. 

The problem of determining intermediate neutron energy 
spectra can be solved by using a material that responds as a 1/v 
neutron absorber, such as 6 Li, or 10 B, to cover neutron detec
tors such as a 3 He proportional counter or 6 Li scintillator. 
The term "1/v neutron absorber" indicates that the material has 
a neutron cross section that varies as the inverse of the 
velocity of the neutron, or as the inverse of the square root of 
the neutron energy. Isotopes with 1/v cross sections include 
3 He, 6 Li and 10 B. A neutron detector covered by a 1/v absorber 
material will produce a signal that is dependent on the energy 
of the neutrons incident on the absorber material. A judicious 
choice of 1/v absorber material configured around one or more 
detectors can result in an instrument capable of unfolding the 
energy distribution of the incident neutrons. 

RESPONSE FUNCTIONS FOR CANDIDATE CONFIGURATIONS 

The 1/v detector system being developed at the Pacific 
Northwest Laboratory (PNL) consists of a small 1/v detector 
inside a material which both moderates and absorbs neutrons with 
a 1/v cross section. The detector(s) would be placed inside the 
moderator/ absorber, with count rates recorded at a number of 
locations inside the moderator/absorber. 

Possible configurations for a 1/v detector system are being 
investigated by calculating the theoretical responses of each. 
Since the set of calculations needed to characterize a proposed 
configuration is easier to set up than an experiment, a number 
of different combinations of neutron moderating and absorbing 
materials can be investigated and compared before the most 
promising configurations are actually assembled and tested in 
the laboratory. 

Calculations are performed using a radiation transport 
computer code, MCNP. MCNP is a code that uses Monte Carlo 
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methodology to determine the transport of neutrons and photons 
through various media. It uses a point-wise representation of 
cross sections rather than a multigroup scheme, so inaccuracies 
that can be introduced by cross section collapsing are avoided. 

In one example calculation, a proposed system consisting of 
a 25-cm-diameter sphere filled with a homogeneous solution of 
boron-loaded glycerine was modeled. The sphere was exposed to 
an isotropic field of monoenergetic neutrons, and neutron 
interaction rates were calculated for a number of different 
depths within the sphere. The interaction rates recorded were 
the (n,alpha) reactions, indicating the response of a typical 
Lii neutron detector. Separate calculations were performed for 
several different neutron energies incident on the glycerine
filled sphere. For each of the energies, the calculated 
reaction rates were plotted as a function of depth within the 
sphere. 

A graph of the results of this set of calculations is 
presented as Figure 1. It is apparent in this graph that there 
is a clear difference in reaction rates at depths of greater 
than about 5 em, with higher energy neutrons producing appre
ciably higher count rates than lower energy neutrons. This 
discrimination is an important feature for a detector system 
that will be used to unfold neutron spectra. 

LABORATORY TEST OF A 1/V DETECTOR 

The results of the theoretical study were used to design 
and test a candidate 1/v detector system. In this study a 
detector system was assembled consisting of a spherical flask, 
12.6 em in radius. The flask was filled with glycerine, and a 
small spherical 3 He tube was used as the detector. The system 
was first modeled using the MCNP transport calculations, and 
count rates were determined at various depths in the sphere for 
exposure to neutrons emitted by an unmoderated 252 Cf source. 
For the 3 He tube the dominant interaction producing counts is 
the (n,p) reaction for neutrons. 

The detector system was then exposed to an unmoderated 
252 Cf source under the same conditions (distance from the 
source, source strength) as in the calculations. The detector 
was connected to standard nuclear electronics and a multichannel 
analyzer, and count rates were recorded with the detector in a 
number of positions within the sphere, matching the depths in 
the calculations. 

The results of this comparison are presented graphically in 
Figure 2. One of the curves on the graph is the count rate 
predicted by the MCNP calculations, and the other curve is the 
count rate actually measured in the experiment. For shallow 
detector depths the agreement between the predicted and measured 
count rates is excellent. For deeper positions the agreement is 
not as good, primarily due to some features of the modeling. 
The modeling of only (n,p) reactions in the detector ignores 
other interactions which may contribute to the pulses generated 
in the detector, especially at high neutron energies. The 

305 



otherwise good agreement, however, indicates the system of 
calculations can be used to predict and optimize the responses 
of proposed systems. 

CONCLUSIONS 

The preliminary studies have not yet arrived at an opti
mized system. More investigation must be done to study other 
possible configurations. Once a promising configuration of 
moderator/absorber material and detector is identified, a 
laboratory system will be set up and tested. A set of response 
functions for count rate versus neutron energy at various depths 
must then be determined, and an unfolding algorithm will then be 
implemented to derive incident neutron flux as a function of 
energy from the measured count rates. 

The methodology of a 1/v absorber detector system is in 
many ways similar to the Bonner sphere system. The 1/v system 
will have the advantage of being more portable and easy to use, 
since it will consist of a single moderating device with the 
detector(s) inside, rather than a set of five or more spheres. 
The search for an optimized detector system is necessary because 
it has the potential for overcoming a major drawback of the 
current Bonner sphere system: the poor energy discrimination in 
the intermediate energy region. An optimized 1/v absorber 
detector system could be a very useful tool for the determina
tion of neutron fluxes, energy distributions, and dose 
equivalent rates in nuclear facilities. 

Work-supported-by the u.s. Department of Energy under Contract 
DE-AC06-76RLO 1830. 
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PRACTICAL DETERMINATION OF DOSE EQUIVALENT USING 
LOW PRESSURE TISSUE EQUIVALENT PROPORTIONAL COUNTERS 

H.G. Menzel, G.Dietze+, H.Schuhmacher+ 
Universitat des Saarlandes, FR Biophysik, D-6650 Homburg(Saar),FRG 

+ Phys.-Technische Bundesanstalt, D-3300 Braunschweig, FRG 

BASIC ASPECTS 

Conventional dose equivalent meters for neutrons are based on 
the detection and registration of thermal or thermalised neutrons. 
The count rate of the detector sensitive to thermal neutrons and 
suitably combined with a hydrogenous moderator is calibrated in 
terms of dose equivalent rate by irradiation in a reference field. 
An important disadvantage of this principle is that the dose equi
valent response is not constant with neutron energy. 

Dose equivalent meters based on the microdosimetric technique 
of using low pressure tissue-equivalent proportional counters 
(TEPC) are expected to have a response which is closer to being 
constant and this has been the main reason for recent efforts by 
several groups to develop TEPC area and individual monitorsl. The 
expectation is based on two facts: ( 1) The TEPC is a cavity 
chamber which enables precise determination of absorbed dose to 
tissue-like material, D, to be made for penetrating radiation. (2) 
Not only pulse rate but also pulse height information is used to 
evaluate dose equivalent. The puse height spectra are related to 
radiation quality and can be used to assess the mean quality 
factor Q. The product of Q and D is by definition dose equivalent 
H and the product of the measured values is the dose equivalent 
reading of the detector which can be used to estimate ambient dose 
equivalent H*(10). Figure 1 shows the dose equivalent per neutron 
fluence measured by a TEPC in monoenergetic neutron fields 
(counter wall thickness 2.5 mm, simulated dimeter2 21-1m) in 
comparison to the flunce-to-H* ( 10) conversion function and the 
reading of a rem counter. 

The TEPC detects events due to photons as well as to 
neutrons. The measured dose equivalent therefore includes both 
components. The measured pulse height spectra can be also used to 
evaluate the neuton and photon components separately and to 
calculate total and neutron mean quality factors. This diagnostic 
capacity of TEPC is an additional reason for the increasing 
interest in using this instrument as dose equivalent meter. 

INVESTIGATION OF THE RESPONSE TO NEUTRONS 

The excellent dose equivalent response of the TEPC for 
neutrons above a few hundred keV (Fig. 1) is mainly due to the 
fact that the measured pulse height, calibrated in terms of the 
microdosimetric quantity lineal energy y, is a good approximation 
of LET for recoil protons and to the accuracy of the instruments 
in absorbed dose measurements. The interpretation of the response 
and of the underlying microdosimetric spectra for neutrons below 
100 keV has to take account of two different physical aspects: 
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(1) The quality of the TEPC as a LET-spectrometer deteriorates 
rapidly with decreasing neutron energy due to the insufficient 
range of the recoil protons in comparison to the cavity diameter. 
(2) The modification of the primary radiation field by the 
detectot- walls becomes of increasing importance. With regard to 
dose equivalent there are the two competing processes taking place 
in the counter wall, that of neutron fluence attenuation and that 
of neutron thermalisation with subsequent capture reactions in H 
and N. This is illustrated by the two fluence normalised 
microdosimetric spectra for 73 keV monoenergetic neutrons in 
Fig.2, one measured with a counter wall thickness of 2.5 mm tissue 
equivalent plastic A-150 (B), the other with a total wall 
thickness (A-150 + PE) of 20 mm (A). The comparison reveals the 
obviously larger flunce attenuation of the thicker wall. The 
larger absorbed dose contribution of thermalised neutrons is 
documented by the larger photon component ( <10 keV/~m) due to the 
capture reaction in hydrogen and the pr-oton component around 100 
keV/~m due to capture in nitrogen. 

Several research groups in Europe and the U.S. have developed 
TEPC instruments for area monitoring and investigated the 
influence of design and operation parameters on the dose 
equivalent response and performance characteristics. In Europe 
the Eurapean Radiation Dosimetry Group (EURADOS) and the 
Physikalisch-Technische Bundesanstalt (PTB) organised a first 
intercomparison of di ffer·ent TEPC prototype area monitors with 
monoenergetic neutrons between 0.073 and 5 MeV and for a D2D mode
rated 252Cf-source3. The main results obtained to date in these 
investigations may be summarized as follows: 

Optimisation of the counter geometry, in particular the wall 
thickness is not sufficient to eliminate the problem of the too 
low response below 100 keV neutron energy3,4_ Potentially useful 
parameters for further improvement of the response are the 
simulated diameter, the evaluation algorithm and modifications of 
the detector materials. 

Measurements with moderated 2 52Cf-sou rce have shown that the 
influence of detector geometry on the r·esponse for broad neutron 
energy spectra is much less pronounced than for monoenergetic 
neutrons3 • s. There is evidence for the assumption that the too 
low response to monoenergetic neutrons below 100 keV of the TEPC 
is of limited relevance for the broad energy spectra encountered 
in radiation fields of practical importance. 

- The calibration procedures with built-in alpha particle sources 
or external photon sources is adequate if the phantom-based 
definition of the quantity H*(10) is taken account of. 

- The sensitivity of TEPC area monitors is adequate for practical 
purposes. It has to be pointed out, however, that the statistical 
uncertainty does not depend only on count rate but also on the 
pulse height distribution which has a wide dynamic range of more 
than four decades. he sensitivity therefore is a complex function 
of radiation quality, the photo dose fraction and, as can be seen 
from Fig. 2, of the detector geometry. 
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PRACTICAL EXPERIENCES 

Measurements of dose equivalent with TEPC have been made to 
date in the mixed radiation environments of high energy and 
medical accelerators, nuclear power plants and nuclear fuel 
processing plants. The results reveal the considerable variations 
in radiation quality between various facilities and in some cases 
within the environment of one facility. Variations of Q for 
neutrons between 4.3 and 10 were observed. The diagnostic 
information provided by the instrument enabled the interpretation 
of these variations. The neutron dose equivalent reading of the 
TEPC and of rem-counters in identical positions agreed well for 
neutron spectra moderated dy hydrogenous material as encountered 
at nuclear energy facilities. However, the results differed by 
factors of up to 3, for example at some locations in the 
environment of high energy accelerators. The eperiences gained 
are also of importance for neutron personnel dosimetry. The 
comparatively low energy dependence and the diagnostic information 
is expected to be useful in establishing local correction factors 
for currently used individual neutron monitors. 

CONCLUDING REMARKS 

The recent availability of modern microelectronics is the 
basis for the construction of portable dosemeters using spectro
scopic methods. This enables the construction of portable TEPC 
based dose equivalent meters and the utilisation of their 
favourable properties in radiation protection routine. The final 
conceptual and technical development is still in progress. First 
commercial instruments, however, are available. 
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FACILITIES AND PROCEDURES FOR CALIBRATING 
A SELF-FABRICATED BORON-LOADED PERSONNEL NEUTRON DOSIMETER 

Shian-Jang Su and Shann-Horng Yeh 
Institute of Nuclear Energy Research 

P.O. Box 3-10, Lung-Tan, Taiwan 32500, R.O.C. 

ABSTRACT 

The inaccuracy of general personnel neutron dosimeters and 
more concern about the neutron damage to humans have brought about 
an intensive effort in designing a new type of personnel neutron 
dosimeter. Facilities and procedures for calibrating a self
fabricated boron-loaded neutron dosimeter are described here. 
/\n nl.uminum buildin<J d~ni<Jn~d <tnu c:onsLI-ucLcu uy the Institute of 
Nuclear Energy Research was used as a neutron calibrating room. 

Cf-252 was used as a primary neutron standard source. A 
variety of moderators were used to change the irradiated neutron 
spectra for testing the energy dependence of this new dosimeter. 
Dose equivalent rates of various spectra were evaluated by Bonner 
Multisphere spectrometer. Ratios of 9" to 3" sphere from BF3 
detector were determined as the energy correction indices. 

This paper also discussed the unfold spectra as the number 
of energy group in Bon computer code was changed. Results of 
field measurements in LWR by this boron-loaded dosimeter were 
compared to those from multisphere spectrometer. 
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EXPERIMENTAL SIMULATION AND CHARACTERIZATION 
OF NEUTRON SPECTRA FOR CALIBRATION RADIATION PROTECTION DEVICE 

J.L. Chartier, F. Posny - R. Medioni, M. Sueur 
CEA Fontenay aux Roses 

CEA CEN-FAR DPT/SIDR - B.P.6 - 92265, 
Fontenay aux Roses Cedex, France 

and 

M. Buxerolle, M. Massoutie, J. Kurkdjian 
CEA Cadarache, France 

ABSTRACT 

To improve the evaluation of dosimetric quantities, it is 
advisable to calibrate devices used for radiation protection in 
neutron spectra very similar to those met in practice (for 
instance in nuclear plants, plutonium technology laboratories, .... ). 

Among the neutron sources and monoenergetic neutron radiations 
recommended by the ISO for calibration, appears a lack of neutron 
sources with broad spectral distribution extending to lower 
energies ; spectra where thermal component represents an important 
part are for example not available. 

To complete the range of neutron calibrating sources, it seems 
useful to develop several wide spectra distributions representative 
of typical spectra. 

The prototype equipment of our laboratory is based on the 
moderation of fission neutrons by shields of different materials 
modifying the spectral distribution. The experimental set up is 
described and results are presented. 

Two characterization techniques have been employed : on one 
hand, the Bonner spheres system of which the results are handled by 
the MORELPA program. This method is able to give spectral 
informations on the whole scale of neutron energy, but in a rough 
manner ; on the other hand, the spectrometry by recoil protons 
using spherical proportional counters and a NE 213 liquid 
scintillator gives accurate results between 5 keV and 20 MeV. 

The dosimetric quantities deduced from these spectra are 
compared with direct Kerma measurements obtained with a tissue 
equivalent ionization chamber and a Geiger Muller counter. 
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USE OF AMERICAN AND TAIWANESE COINS AS QUICK SORT 
INDICATORS OF NEUTRON ACCIDENT EXPOSURE 

Shann-Horng Yeh 
Institute of Nuclear Energy Research, ROC 
P.O. Box 3-10, Lung-Tan, Taiwan 32500, ROC 

and 

R.E. Swaja 
Oak Ridge National Laboratory, U.S.A. 

ABSTRACT 

Nuclear accident dosimetry system usually include quick sort 
indicators and accident dosimeters to assess the accurate dose to 
personnel. A neutron accident exposure indicator is required 
for the rapid identification of neutron exposed personnel. 
Although the most common material are indium and dysprosium, 
coins possessed by workers also can be seen as an assistant 
indicator especially for unmonitored personnel. This paper 
describes the response characteristics of American and Taiwanese 
coins to four neutron energy spectra that could be encountered 
during a criticality accident. 

Three American coins, Dime, Nickel and Penny, and two 
Taiwanese coins, $5 and $1, are exposed to neutron from Health 
Physics Research Reactor (HPRR) at Oak Ridge National Laboratory 
in U.S.A. Response characteristics of coins were obtained for 
four different neutron spectra produced by operating the HPRR 
with the following shield conditions; unshield, shielded with 
concrete, steel and lucite. In irradiation, coins were mounted 
at front, side and back of BOMAB phantom to evaluate directional 
dependence. Coin activities were measured by GM survey meter 
in units of dpm and dose rate as a function of time after the 
irradiation. Nuclides were analyzed by HPGe detector also. 

Results of this study show that: (1) coin activities are 
strongly depend on the incident neutron spectrum, (2) directional 
dependence is serious, (3) Taiwanese $5 coins show the highest 
activity and penny is the lowest, and (4) all coins show 
distinguishable activities within 24 hours after exposed to 
0.25 Gy of neutron of four different spectra. These results 
indicate the possibility to use coins as an neutron accident 
exposure indicators. This also provide unmonitored personnel the 
opportunity to receive immediate medical care. Absorbed neutron 
dose can also be estimated approximately with some limitations 
which will be discussed in this paper. 
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EMISSION RATE MEASUREMENT OF A Cf-252 NEUTRON SOURCE 
BY MANGANOUS SULFATE BATH METHOD 

Sun-Tae Hwang 
Korea Standards Research Institute 

P.O. Box 3, Taedok Science Town, Taejon, Korea 

Kun Jai Lee 
Korea Advanced Institute of Science and Technology 

P.o. Box 150, Cheongryang, Seoul, Korea 

1. INTRODUCTION 

The manganous sulfate(MnS04) bath method has been in use over 
two decades for the most accurate measurement of neutron emission 
rate" The MnS04 bath has been developed accordingly and the bath 
system has been operated for the standardization of neutron meas
urements at the Korea Standards Research Institute(KSRI) since 
1986" There are three types of the radioactive neutron sources: 
(y,n), (~,n) and spontaneous fission. In this research work, a 
spontaneous fission source, Cf-252, as the reference neutron source 
calibrated by the standard neutron source, Am-Be, is introduced to 
determine the characteristics of the bath system in terms of the 
bath efficiency (E), the saturated manganese activity (As), the in
verse manganese(55Mn) neutron capture fraction (f- ) and eventually 
the bath system correction factor (CF)· 

2. PRINCIPLE OF THE METHOD 

Figure 1 shows the events which take place in the MnS04 bath 
during a Cf-252 neutron source calibration. The neutron source is 

MnS04 IN 
DISTILLED WATER 

CAPTURE IN 
THE SOURCE 

NEUTRON 
LEAKAGE 

160(n,()() 
32S(n, p) 

FAST NEUTRON 
CAPTURE 

THERMAL 
NEUTRON 

APTURE 

Fig. 1 Schematic Diagram of Principle of MnS04 Both Method 
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mounted at the center of a spherical bath containing an aqueous so
lution of manganous sulfate. The solution is continuously stirred 
by the impellers and at the same time pumped in a closed circula
tion circuit through a detection system. Figure 2 shows the sche
matic arrangement for the bath system. Neutrons from the neutron 
source are thermalized6in the MnS04 solution and captured by the 
v5~rious nuclei. The 5 Mn resulting from the capture of neutron by 

)Mn is measured by the counting system in the bath system. 

Water 

Circulation 
pump 

* T I c Temperature Indicator a controller 

4 
I 

I 

~-.J 

• 

Fig 2. Schematic Diagram of MnS04 Bath Circulation System 

The neutron emission rate of a Cf-252 source, Q, is given by 

( 1) 

where f is the fraction of neutrons captured by 55Mn. In the exist
ance of impurities in the solution, the inverse 55Mn capture frac
tion becomes(1) 

f-1 = 1 + (NimjNMn)·(~Imj~Mn)·((1 + rs)Imj(1 + Grs)Mn) + 

(1 + (NimjNMn)) X (~s;~Mn)·((1 + rs)s/(1 + Grs)Mn) + 

(NH/NMn)·(ITHj<rMn)·(1j(1 + Grs)Mn) (2) 

where NM , NH, and Nlm are the respective concentrations of manga
nese, hyarogen and lmpurities in the solution. The factor 1 + Grs 
allows for the resonance capture in manganese. In the notation of 
Westcott et al.(2), sis the resonance activation integral, r is the 
the epithermal flux parameter averaged over the MnS04 bath and G is 
the resonance self-shielding factor for the solution. Rearranging 
eq. (2), a straight line is fitted to the data(J). 
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J. EXPERIMENTAL PROCEDURE 

J.1 Measurement of Bath Efficiency, E 

A quantity of radioactive 5 6Mn of high purity is divided into 
portions by weight, some of which are used to activate the bath and 
others are absolutely measured by the 4n~-Y coincidence counting 
technique to determine the specific

6
activity. To obtain the effi

ciency, the mean counting rate of 5 Mn ~-rays measured by the MnS04 
bath counting system and corr~cted for decay back to a suitable ref
ence time is divided by the 5bMn activity measured absolutely and 
corrected to the same reference time. Sinr:e this quantity is con
centration dependent, E is determined at least once for each concen
tration. 

J.2 Calculation of Saturated Manganese Activity, As 

The 5 6Mn activity produced during neutron irradiations in the 
MnS04 bath is counted by the two 1.5" ¢ x 1.5" Nai(Tl) scintillation 
detectors equipped in a 12.5-liter detector bath of s.s. Marinelli 
beaker-type. A third detector monitors the room background. The 
saturated activities are calculated using the computer progr3~ taken 
from the Gilliam model(4) in the growth and decay phases of Mn 
activity. The parameters used in the calculation are the total num
ber of counts (Ci) observed during the counting period which began 
at a time after insertion of the neutron source into the bath the 
duration of the neutron irradiation, the decay constants of SbMn and 
Cf-252 and the mixing constants. 

J.J Calculation of Inverse 55Mn Neutron Capture Fraction, f- 1 

To obtain the inverse 55Mn capture fraction from eq. (2), the 
necessary data are taken from Mughabghab et al.(4) and Hwang et al. 
(5). The NH/NMn ratio is determined by the gravimetric method by 
drying and weighing weighed samples of the MnS04 solution. 

4. EXPERIMENTAL RESULTS 

The neutron emission rate of the reference source, Cf-252, cal
ibrated by the comparative 'ethod to the standard source, Am-Be is 
determined to be 2.232 x 10 n/s at the reference time, 12:00 on 
November 15, 1987(6). The bath efficiency and the inverse 55Mn neu
tron capture fraction, the saturated manganese activity are given in 
Table 1 and Table 2, respectively. 

According to the data, the following empirical formulae as a 
function of NH/NMn are derived by the least squares fitting method: 

From Table 1, YE = x-4.J48 and Yf-1 = 0.024842 X + 1.025252 

From Table 2, YG -0.8270 X + 166.J797 (Growth phase of 56Mn) 

YD = -0.8292 X + 165.5645 (Decay phase of 5 6Mn) 

Substituting these results into eq. (1), the bath system cor
rection factor, CF is obtained at a reference time. 
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Table I. Bath Efficiency, E and Inverse 55 ~in 

Neutron Caoture Fraction, r; 
Table 2. Saturated 56Mn Activity, A5 

X ( Nw'NMo) E ( I0-0 cns/dos) I 1--::;----l 
X ( NH /NMn) 

As ( cps) in I As ( cps) in 

I Growth Pnose 1 Decoy Phose 

45.034295 

I 
2.!47862 

58.191625 1.433550 I 2.470228 

45.034295 !33.8850 !3!.20900 

58.!91625 115.32310 -
71.586090 1.502855 i 2.798636 71.586090 102.67!40 101.21610 

94.411795 1.457515 

I 
3.370241 

111.04887 1.476193 3.786437 

94.411795 89.45201 -
111.04887 76.07417 7549648 

5· CONCLUSION 

From the graphic analysis of data obtained by the manganous 
sulfate bath method, the bath system correction factors to the neu
tron emission rate can be determined as a function of the NH/Nmn 
ratio. Figure 3 shows the straight lines fitted to the data in or
der to determine the unknown correction factor of a Cf-252 neutron 
source at the given :r~tio of NH/NMn in a MnS04 solution

5
. 
6 

In compar
ison of the line in) Nln growth phase with the line in Nln decay 
phase, the difference of the correction factors between them turns 
out to be a range of 0.77 ;; to 1.44 ;0 to the growth phase activity. 

r o: 56Mn Activity in Decay Phase 

y _ Y = -78684xlo-4 x + 1.2419 

L G: 56Mn Activily ~·=G=ro=w=th==P=h=as=e=====: 
Y =- 2.6566 X 10-4X + 1.1507 

50 
NH /NMn 

100 150 

Fig 3. Bath System Correction Factor 
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ACTIVITIES OF THE INTERNATIONAL NON-IONIZING 
RADIATION COMMITTEE OF IRPA 

H.P. Jammett, Chairman of IRPA/INIRC, 
and 

A.S. Duchene, Scientific Secretary of IRPA/INIRC, 
Commissariat a l'Energie Atomique, IPSN, 

B.P. n°6, 92265 Fontenay-aux-Roses, Cedex, France 

ABSTRACT 

The work achieved by the International Non-Ionizing Radiation 
Committee of IRPA since the 6th International IRPA Congress in 
May 1984 will be briefly reviewed. Stress will be laid more 
particularly on the new problems which had to be dealt with. 

Following important progress made in research on the inter
action of radiofrequency radiation with biological systems, 
particularly in the field of dosimetry, the Committee amended 
on several points the "Interim guidelines on limits of exposure 
to radiofrequency electromagnetic fields" which were published 
in April 1984. 

In recent years, concern developed, in a number of industrialized 
countries, about the health risks which might be associated with 
the increasing propagation of electric fields, for instance from 
high power transmission lines, and with the expanding use of 
static and slowly varying magnetic fields in advanced technologies 
and medical applications. The presently available data and 
conclusions reached by an international group of experts, as 
contained in UNEP/WHO/IRPA Environmental Health Criteria documents 
35 for Extremely Low Frequency Fields (1984) and 69 for Magnetic 
Fields (1987), will be summarized. Some difficulties involved 
in the drafting of internationally acceptable recommendations in 
these fields will be outlined. 
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CARCINOGENIC POTENTIAL OF NON-IONIZING ELECTROMAGNETIC RADIATION 

Michael H. Repacholi, Ph.D. 

Member, INIR Committee of IRPA 
Chief Scientist, Royal Adelaide Hospital 

IRTRODUCTIOR 

The mutagenic and carcinogenic potential of the ionizing 
radiations such as X-rays, gamma rays, alpha and beta particles 
are well known and their mechanisms of interaction with living 
organisms are well characterised. Aside from ultraviolet light 
producing various skin cancers, the carcinogenic ability of 
other non-ionizing radiations (visible, infrared, microwaves, 
radiofrequency, extremely low frequency, static electric and 
magnetic fields) had, until recently, been dismissed. 

In Australia, general public and employee concerns about 
exposure to electromagnetic radiations, predominant at power 
frequencies (50/60Hz) have been raised to such a level that 
electric power utilities have had very significant resistance to 
the construction of new installations. Uninformed media 
coverage and lack of knowledge about the difference between 
established and unsubstantiated biological effects has 
contributed to the concerns. 

This paper will briefly review experimental data as well 
as cancer registry and epidemiological studies that suggests 
exposure to extremely low frequency (50 or 60 Hz) fields may be 
associated with an increased incidence of leukaemia, brain 
tumours, or other forms of cancer. 

Laboratory Studies 

An in-depth review of the interaction mechanisms, 
biological effects and health risk assessment of ELF electric 
and magnetic fields has been published (WHO, 1984, 1987). 
Studies on Drosophila and animals have indicated that exposure 
to 50/60Hz fields do not produce mutagenesis (Krueger et al, 
1975; Bender, 1976; Phillips et al 1979; Frazier et al 1982). 
It is generally believed that 50/60Hz fields are not primary 
inducers of cancer, however studies are continuing to determine 
if these fields act as cancer promoters (Adey, 1986). To date, 
no laboratory evidence has been produced to substantiate this. 

Human Studies 

In 1979 Wertheimer and Leeper published their study that 
came to the then remarkable conclusion that children resident 
near high current configurations (transformers; large guage, 
low-voltage, high-current power lines; power substations etc.) 
had a two-to three-fold higher incidence of cancer than children 
resident near low current configurations. This study, although 
having a number of limitations common to many epidemiological 
studies, was sufficiently well conducted that interest was 
raised and a large number of subsequent studies have resulted. 

320 



Table 1 gives a summary of the studies on cancer incidence 
and occupational exposure to electromagnetic fields. Of the 20 
studies, about half suggest an association between exposure to 
these fields and an increased incidence of leukaemia. The other 
studies suggest no association or an associated increased 
incidence of other cancers. Armstrong (1986) suggests that 
although the balance of studies favours an association between 
work in electrical occupations and leukaemia, it is possible 
Milham's (1982) observation caused a number of investigator's 
with access to occupational cancer incidence or mortality data 
to examine their data, and that the "positive" results were, in 
the main, the only ones reported. 

Table 2 summarises the studies on cancer incidence and 
population exposure to electromagnetic fields. Only 3 of the 11 
studies suggest an increased leukaemia risk. It should be noted 
that the category of study design is indicated in Tables 1 and 
2. The proportionate mortality ratio (PMR) or proportional 
incidence ratio (PJR) studies provide the most limited and 
potentially flawed data, case-control (CC) studies provide 
better results, while the retrospective follow-up (RFU) studies 
are the most methodologically sound (Cole, 1987). One notes 
that most of the RFU studies do not suggest an increased 
incidence of leukaemia with electromagnetic field exposure. 

Cole (1987) claims the epidemiological evidence is weak because: 
Studies suggesting an association between lung cancer and 
smoking, or mesothelioma and exposure to asbestos fibres, were 
very consistent - the causal factors were never repudiated, and 
large risk ratios were identified. None of these features occur 
in the electromagnetic field studies. The two major studies by 
Wertheimer and Leeper (1979, 1982) were not conducted blind, 
leading to the distinct possibility of bias. Both birth and 
death addresses were used giving different answers depending on 
which were used. Both studies contain an "inordinate 
consistency." All but one of about 30 comparisons contained 
relative risks in the range 2.0 to 3.0. Cole (1987) calculated 
the probability that the studies could be so consistent as less 
than 1 in 100. The two studies claim that electromagnetic 
fields from high current configurations (suggesting magnetic 
fields as the causative agent) produces a broad spectrum of 
different concerns - a broader spectrum than ionizing radiation 
or polyoma virus. This stretches credibility. Cole concluded 
the studies could only be biased. No other study approaches 
these for strength or consistency of findings despite better 
methodology. 

The best of all studies conducted thus far is from Savitz 
(1986b). Cole claims this is a small study because there are 
nearly as many risk ratios below 1.0 as above, and there is no 
consistent dose-response. Savitz data shows a tendency to an 
isolated high risk ratio in the highest exposure category. A 
reasonable explanation for this result almost certainly lies in 
the acknowledged poor cooperation from controls leading to an 
under-representation in controls in the VHCC (very high current 
configuration) category. 



Table 1 
CANCER INCIDENCE & OCCUPATIONAL EXPOSURE TO ELECTROMAGNETIC 
FIELDS 

REFERENCE WORKERS STUDY CANCER RISK 
Wiklund et al., 1981 Telecom PMR No cancer risk. 

Milham, 1982, 1985b Electrical PMR Increased leukaemia. 

Wright et al., 1982 Electrical PIR Increased leukaemia. 

McDowall, 1983 Electrical PMR/CC Increased leukaemia. 

Coleman et al., 1983 Electrical PIR Increased leukaemia. 

Vagero & Olin, 1983 Electrical RFU No leukaemia risk. 
Increased pharangeal, 
respiratory cancer. 

Swerdlow, 1983 Electrical PMR Increased eye melanoma. 

Pearce et al., 1985 Electrical cc Increased leukaemia. 

Lin et al., 1985 Electrical cc Increased brain tumours. 

Milham, 1985a Amateur radio PMR Increased leukaemia. 

Gilman et al., 1985 Miners RFU Increased leukaemia. 

Vagero et al., 1985 Electrical RFU No leukaemia risk. 
Increased urinary cancer, 
Malignant melanoma. 

Calle & Savitz, 1985 Electrical PMR No leukaemia risk. 

Olin et al., 1985 Electrical RFU Increased malignant 
melanoma. 

Stern et al., 1986 Electrical cc Increased leukaemia 

Tornquist et al., 1986 Electric power RFU No leukaemia risk. 
No brain tumour risk. 

Flodin et al., 1986 Electrical cc Increased leukaemia 

Thomas et al., 1987 Electrical cc Increased brain tumours. 

McLaughlin et al, 1987 Electrical PIR No brain tumour risk. 

Lin, 1987 Electric power cc Increased cancer risk. 
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Table2 
CANCER INCIDENCE & POPULATION EXPOSURE TO ELECTROMAGNETIC 
FlEWS 

REFERENCE SUBJECTS STUDY CANCER RISK 
Wertheimer & Children resident cc Increased leukaemia. 
Leeper, 1979 near HCCs. 

Fulton et al., 1980 Children resident cc No increased leukaemia. 
near HCCs. 

Wertheimer & Adults resident cc Increased cancer. 
Leeper, 1982 near HCCs. 

Coleman et al., 1985 Persons resident cc No increased leukaemia. 
nearHV. 

Myers et al., 1985 Children resident cc No increased cancer. 
near HV. 

Rodvall et al., 1985 Persons resident cc No increased cancer. 
near HV. 

Tomenius, 1986 Children resident cc Increased CNS tumours. 
nearHV. No increased leukaemia. 

McDowall, 1986 Persons resident RFU No increased leukaemia. 
nearHV. 

Savitz, 1986b Children resident cc Increased cancer. 
near HCCs. Increased leukaemia. 

Stevens et al., 1986 Persons resident cc No increased acute 
near HCCs. non-lymphocytic 

leukaemia. 

Coleman & Bell, 1987 Persons resident cc No leukaemia risk. 
near HV lines & 
sub-stations. 

The World Health Organisation (WHO, 1987) concluded that 
"These associations cannot be satisfactorily explained by the 
available theoretical basis for carcinogenesis by ELF 
electromagnetic fields. The preliminary nature of the 
epidemiological evidence, and the relatively small increment in 
reported incidence, suggest that, although these epidemiological 
data cannot be dismissed, there must be considerable further 
study before they can be accepted." 

CONCLUSIONS 

At this point in time, one would have to agree with the 
conclusions of Savitz (1986a) when he stated that "The findings 
of human studies of 50/60 Hz electric and magnetic fields are 
not sufficiently indicative of health hazards to warrant 
exposure limitation, nor is there high quality, convincing 
research to exonerate these exposures as threats to human 
health." "Given this array of incomplete information, there is 
not an empirical basis yielding an answer to the critical 
question of human health consequences of 50/60Hz electric and 
magnetic field exposures. 
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Using standard levels of scientific proof, the argument 
that these fields cause cancer, reproductive damage, or other 
health effects falls far short of convincing. From the 
perspective of public health protection, however; one might ask 
whether the suggestions of health effects raised in some studies 
have been convincingly negated by superior research. The answer 
is that they clearly have not. The social and political choices 
relating to this issue fall outside the bounds of science, but 
there is a major role for further epidemiologic study in 
providing the basis for those decisions." 

One of the major arguments against there being an 
association between electromagnetic radiation exposure and 
increased incidence of cancer, is the fact that laboratory 
studies have not identified a mechanism by which these 
radiations at 50/60Hz could either induce or promote cancer. 

In the final analysis, if an increased cancer risk is 
definitely found to be associated with chronic low-level 
exposure to 50/60Hz fields, the risk must be quantitated 
(presumably increasing risk with higher exposures) so that a 
risk-benefit analysis can be completed. If, for example, 
chronic exposure to 50 Hz fields at a given low level increased 
the risk of contracting cancer from 1 in 1,000 to 3 in 1,000 
people must determine whether they wish to reduce their use of 
electricity in order to lessen this risk. To date, chronic 
low-level exposure to 50/60Hz fields has not been established to 
increase the risk of contracting cancer. If it is established 
in the future, it would in all likelihood be a very weak 
carcinogen. 

REFERENCES 

ADEY, W.R. (1986), Electromagnetic fields, cell 
amplification and cancer promotion. Paper presented to 
Council on Radiation Protection and Measurement, Annual 
National Academy of Sciences, Washington, Feb. 1986. 

membrane 
National 
Meeting, 

BENDER, H.A. 
electromagnetic 
University of 
035956). 

(1976), A study of the effect of ELF 
fields upon Drosophila melanogaster, Indiana, 

Notre Dame (Final report, NTIS Document ADA 

CALLE, E. & SAVITZ, D.A. (1985) Leukaemia in occupational groups 
with presumed exposure to electrical and magnetic fields. New 
Engl. J. Med., 313: 1476-1477. 

COLE, P. (1987), 
electromagnetic fields 
Florida Electric and 
March 16., pp 28. 

An epidemiological perspective on 
and cancer. Paper presented to the 

Magnetic Field Advisory Panel Hearings, 

COLEMAN, M., BELL, J., & SKEET, R (1983), Leukaemia incidence in 
electrical workers. Lancet, 1: 982-983. 

324 



COLEMAN, 
(1985), 
study. 
Electric 

M., BELL, C.M.J., TAYLOR, H.L. & THORNTON-JONES, H. 
Leukaemia and electromagnetic fields: A case-control 

Paper presented at the International Conference on 
and Magnetic Fields in Medicine & Biology, London. 

COLEMAN, M. 
electricity 
Abstract to 
Kansas City. 

& BELL, J. 
transmission 
be presented 

Kansas, USA. 

(1987), Leukaemia and residence near 
equipment: A case-control study. 

to Contractor's Review Meeting (1988), 

EPA (1984), Biological effects of radiofrequency radiation, J.A. 
Elder & D.F. Cahill eds., U.S. Environmental Protection Agency 
Pub. EPA-600/8-83-026F. Research Triangle Park, North Carolina. 

FLODIN, U., FREDRICKSSON, M., AXELSON, 0., PERSSON, B, & 
BARDELL, L. (1986), Background radiation, electrical work and 
some other exposures associated with acute myeloid leukaemia in 
a case-referent study. Arch. Envir. Health !1(2): 77-84. 

FRAZIER, M.E., 
60Hz electric 
Annual General 
Angeles. 

SAMUEL, J.E. & KAUNE, W.T.(1982), Effects of 
fields on CHO-K1 cells, In: Abstracts, Fourth 

Meeting of the Bioelectromagnetics Society, Los 

FULTON, J.P., COBB, S., PREBLE, L., LEONE, L., & FORMAN, E. 
(1980), Electrical wiring configurations and childhood leukaemia 
in Rhode Island. Am. J. epidemiol., 113(3): 292-296. 

GILMAN, P.A., 
risk among US 
669-671. 

AMES, 
while 

R .G., 
male 

& MCCAWLEY, M.A. (1985), Leukaemia 
coal miners. J. Occup. Med., 27: 

KRUEGER, A.P. CIAROLA, A.J., BRADLEY, J.W., & SHREKERHAMER, A. 
(1975) Effects of electromagnetic fields on fecundity in 
chickens. Ann. New York Acad. Sci., 247:391-400. 

LJN, R.S., 
Occupational 
occurrence 
association. 

DISCHINGER, P.C., CONDE, J., & FARRELL, K.P. (1985), 
exposure to electromagnetic fields and the 

of brain tumors; an analysis of possible 
J. Occup. Med., 27: 413-419. 

LIN, R. (1987), Mortality patterns among employees of electric 
power company in Taiwan. Abstract to be presented to 
Contractor's Review Meeting (1988), Kansas City, Kansas, USA. 

McDOWALL, M.E. (1983), Leukaemia mortality in electrical workers 
in England and Wales. Lancet, 8318: 246. 

MCDOWALL, M.E. (1986), Mortality of persons resident in the 
vicinity of electric transmission facilities. Br. J. Cancer, 
53: 271-279. 

McLAUGHLIN, J.K., MALKER, H.S.R., BLOT, W.J., MALKER, B.K., 
STONE, B.J., WEINER, J.A., ERICSSON, J.E., & FRAUMENI, J.F. 
(1987), Occupational risks for intracranial gliomas in Sweden. 
JNCI, 78:253-257. 

325 



MILHAM, S., (1982), Mortality from leukaemia in workers exposed 
to electrical and magnetic fields. New. Engl. J. Med., 
307(4):249. 

MILHAM, S., (1985a), Silent keys: leukaemia mortality in amateur 
radio operators. Lancet, 1(8432): 812. 

MILHAM, S., (1985b), 
electro-magnetic fields. 
297-300. 

Mortality in workers exposed to 
Environ. Health Perspect., 62: 

MYERS, A., CARTWRIGHT, J.A., BONNELL, J.A., HALE, J.C., & 
CARTWRIGHT, S.C. (1985), Overhead power lines and childhood 
cancer. In: Proceedings of the International Conference on 
Electrical and Magnetic Fields in Medicine and Biology, London, 
October, 1985. 

OLIN, R., VAGERO, D., & AHLBOM, A. (1985), Mortality experience 
of electrical engineers. Br. J. Ind. Med., 42: 211-212. 

PEARCE, 
LILLEY, 
Zealand. 

N.E., SHEPPARD, R.A., HOWARD, J.K., 
B.M. (1985), Leukaemia in electrical 
Lancet, 1(8432): 811-812. 

FRASER, J., & 
workers in New 

PHJLLIPS R.D., GILLIS, M.F., KAUNE, W.T. & MAHLUM, D.D. (1979), 
In: Biological effects of extremely low frequency 
electromagnetic fields. Proceedings of the 18th Annual 
Hannaford Life Sciences Symposium, Richland, Washington, 
October, 1978, Springfield, Virginia, Technical Information 
Center, US Department of Energy, pp. 577 (DOE Symposium Series 
50, NTIS CONF-78016). 

RODVALL, Y., FEYCHTING, M., & AHLBOM, A. (1985), (Investigations 
of morbidity from cancers in the Alfta area,) Stockholm, 
National Institute of Environmental Medicine (in Swedish). 

SAVITZ, D.A, (1986a), Studies of humans exposed to 50/60Hz 
electric and magnetic fields. Paper presented to International 
Unitility Symposium on Health Effects of Electric and Magnetic 
Fields, Sept. 16-19, 1986, Toronto, Canada. 

SAVITZ, D.A., (1986b), Case-control study of childhood cancer 
and residential exposure to electric and magnetic fields. Final 
contractors report to the New York State Power Lines Project, 
Albany, NY 12201. 

STERN, F.B., WAXWEILER, R.A., BEAUMONT, J.J. et al (1986), A 
case-control study of leukaemia at a naval nuclear shipyard, Am. 
J. Epidemiol. 123: 980-992. 

STEVENS, R.G. (1986), 
residential exposure 
contractors report to 
Albany, N.Y. 12201. 

Epidemiological studies of cancer and 
to electromagnetic fields. Final 
New York State Power Lines Project, 

SWERDLOW, A.J. (1983), Epidemiology of eye cancer in adults in 
England and Wales, 1962-1977. Am J. Epidemiol., 118(2): 294-300. 

326 



THOMAS, T.L., STOLLEY, P.D., STEMHAGEN, A., FONTHAM, E.T.H. 
BLECKER, M.L., STEWART, P.A. & HOOEVER, R.N. (1987), Brain 
mortaility risk among men with electrical and electronics jobs: 
A case-control study. JNCI, 79(2):233-238. 

TOMENIUS, 
incidence 
191-207. 

L. ( 1986), 50Hz electromagnetic environment and the 
of tumors in Stockholm county. Biolectromagnetics, 7: 

TORNQVIST, S., 
Cancer in the 
212-213. 

NORELL, S., AHLBOM, A., & KNAVE, B. (1986), 
electric power industry. Br. J. Ind. Med., 43: 

VAGERO, D. & OLIN, R. (1983), Incidence of cancer in the 
electronics industry: using the new Swedish Environment Registry 
as a screening instrument. Br. J. Ind. Med., 40: 188-192. 

VAGERO, D., AHLBOM, A., OLIN, R., & SAHLSTEN, S. (1985), Cancer 
morbidity among workers in the telecommunications industry. Br. 
J. Ind. Med., 42: 211-213. 

WERTHEIMER, N. & LEEPER, E. 
configurations and childhood cancer. 
272-284. 

(1979), Electrical 
Am. J. Epidemiol., 

wiring 
109(3): 

WERTHEIMER, 
electrical 
345-355. 

N. & LEEPER, 
wires near the 

E . ( 1 9 8 2 ) , Ad u 1 t c an c e r r e 1 a t ed t o 
home. Int. J. Epidemiol., 11(4): 

WHO (1984), Extremely low frequency (ELF) fields, Environmental 
Health Criteria 35, World Health Organisation, Geneva. 

WHO, (1987), Magnetic Fields, Environmental Health Criteria No. 
69, World Health Organisation, Geneva. 

WIKLUND, K., EINHORN, J., & EKLUND, G. (1981), 
the Swedish cancer-environment registry. 
telephone operators at the telecommunications 
Sweden. Int. J. Epidemiol., 10: 373-376. 

An application of 
Leukaemia among 

administration in 

WRIGHT, W.E., PETERS, J.M. & 
workers exposed to electrical 
2(8308): 1160-1161. 

MACK, T.M. (1982), Leukaemia in 
and magnetic fields. Lancet, 

327 



HAZARD CONTROL MEASURES FOR LASERS 

David H. Sliney 
Laser Microwave Division, US Army Environmental Hygiene Agency 

Aberdeen Proving Ground, MD 21010-5422 USA 

INTRODUCTION 
Considerable attention has been paid to the establishment of 

exposure limits (EL's) for laser radiation [1,2,3], but it has 
been generally not well recognized that EL's are infrequently 
measured in actual hazard evaluations of laser installations. 
Inasmuch as many laser beam irradiances are at least a thousand
fold higher than applicable EL's, a very careful measurement is 
seldom needed [4]. A movement of a measuring instrument a few rnrn 
from the beam axis may result in completely missing the beam. 
Recognition of these difficulties led to an approach in laser 
safety that departs from the methods followed in evaluating and 
controlling ionizing radiation sources. 

It was recognized in the 1960's that regardless of detailed 
measurements certain similar types of lasers repeatedly required 
the same hazard control measures regardless of the specific 
application and environmental setting [5]. This recognition led 
to the development of the laser hazard classification scheme now 
almost universally applied throughout the world. Despite some 
small differences in national standards, the basic concepts ern
bodied in the hazard classes (i.e., Classes 1, 2, 3A, 3B and 4) 
are the same as in Standard 825 of the International Electrotech
nical Commission [6]. 

LASER HAZARD CLASSIFICATION 

Lasers fall into one of four general hazard classes. The 
basic concept is that a laser's potential hazard is defined by 
wavelength and output power/energy. A Class 1 laser product is 
not hazardous--either by virtue of an extremely low-powered out
put (e.g., some low-powered injection diode lasers) or from 
the use of an enclosure. 

A Class 2 laser product is limited to a laser which emits 
visible light between 400 nm (violet) and 700 nrn (red) and is 
sufficiently bright (up to 1 rnW power) to evoke an aversion 
response to bright light (i.e., blink reflex with eye and head 
movement). The hazard of looking into a beam ("intrabearn 
viewing") of a Class 2 laser is similar to that of staring at a 
welding arc or looking into a slide projector beam. Forced 
staring into such bright lights for minutes to hours can result 
in a photochemically initiated retinal injury (equivalent to 
eclipse blindness). The output power of a Class 2 laser must be 
less than 1.0 mW--a level which equates to the permissible occu
pational exposure limit of 2.5 rnW/crn• over a 7-mrn diameter pupil 
for a 0.25-s exposure (the aversion, or blink-reflex exposure 
time). One should consider Class 1 lasers "safe" and Class 2 
lasers "safe for all practical purposes,'' since Class 2 lasers 
pose only a theoretical hazard. 
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Class 3 and 4 laser products are potentially dangerous. 
Class 3 lasers can injure the eye upon direct intra-beam viewing. 
Class 3 is divided into 3A and 3B; Class 3A is a transitional 
class which includes lasers that pose a hazard only under certain 
worst-case conditions. A Class 3A laser product is generally a 1 
to 5 mW visible laser (most commonly a He-Ne, 632.8-nm laser). 
In all countries except the USA, Class 3A lasers are limited in 
output irradiance to the EL forts (i.e., 2.5 mW/cm 2

) [6-8]. 
Class 3 laser products are hazardous to the eye from intrabeam 
exposure--even for brief exposures less than 0.25 s. Class 4 
laser products, like Class 3, have a warning label with the 
familiar starburst logo representing laser radiation (Figure 1); 
and unlike Class 3 lasers, they may pose a significant fire 
hazard or skin burn hazard, and pulsed lasers may pose a beam 
reflection hazard even from diffuse surfaces. The hazard classi
fication is marked on the safety label by the manufacturer (since 
1976) and the classification scheme is complicated. However, for 
the visible lasers used by Itek, those less than 1.0 mW output 
power are Class 2; those with an output power of 1.0 to 500 mW 
are Class 3; and those with an output power exceeding 0.5 W are 
Class 4. Any continuous-wave (CW) lasers in the infrared or UV 
are Class 4 if their output power exceeds 0.5 W average. Hence, 
most C0-2 lasers in the infrared are Class 4. Most excimer 
lasers which emit in the UV, and many argon lasers are Class 4 
since their average output power normally exceeds 0.5 W, or the 
output radiant exposure exceeds a given limit. Visible and near
infrared lasers (400-1400 nm) may cause retinal injury; whereas, 
far-infrared and UV lasers may injure the cornea or lens. 

HAZARD CONTROL MEASURES FOR THE USER 

For Class 2 lasers, one need only caution the uninitiated not 
to stare into the light source, and treat it with caution as one 
would a bright movie projector or spotlight. For Class 3 lasers, 
persons should be instructed to wear laser eye protectors or 
enclose the beam or use baffles to preclude direct intrabeam 
exposure to the primary beam or specular reflections. Class 2 
laser power levels should be used for alignment where feasible, 
and intrabeam exposure must be prevented if Class 3 lasers must 
be used for alignment unless the beam has been expanded to reduce 
the beam irradiance below ·z.5 mW/cm

2
• Laser eye protectors are 

particularly important for Class 3 pulsed lasers and for in
visible (IR or UV) laser beams. 

For Class 4 lasers, the requirements for Class 3 should be 
followed, and in addition eye protectors must be worn if any open 
beam is accessible. Most laser eye injuries have occurred from 
reflected beams from Class 4 lasers. The greatest "offender" has 
been the Neodymium:YAG Q-switched laser systems. Entryway door 
interlocks may be required for Class 4 laser laboratories to 
protect persons entering during laser operation unless the beam 
is well baffled or enclosed to greatly reduce the Nominal Hazard 
Area (or Zone). The skin should not be exposed to Class 4 laser 
beams. Entryway doors should have a standard warning symbol 
(Figure 1) and sign indicating the hazard and appropriate pre
caution to take (e.g., ''Do Not Enter When Red Light is On, "Knock 
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FIGURE l. Laser Radiation Warning Symbol [6]. 
tionary guidance and hazard classification is 
below the triangle. 

Detailed precau
found in panel 

before Entering," etc.). A warning symbol without meaningful 
instructions for the reader is useless. For Class 3B and 4 laser 
systems emitting between 300 and 4,000 nm (where glass transmits) 
windows should be non-existant or covered with a light-tight, 
opaque screen. In this regard, many plastic "opaque" curtains 
actually transmit near-infrared (e.g., 1064 nm) wavelengths. 

SYSTEM SAFETY HAZARD CONTROL MEASURES 

Most countries have regulations for laser manufacturers which 
mandate certain system safety features depending upon hazard 
classification. These generally follow the IEC standard 825 [6]. 
For example, in the USA, a manufacturer of any commercial laser 
product must comply with provisions of Title 21, Code of Federal 
Regulations, Part 1040, Performance Standard for Laser Products 
[8]. The manufacturer must certify that his laser product meets 
these requirements, and must file documents which detail this 
certification with the Center for Devices and Radiological Health 
(CDRH) of the Food and Drug Administration (FDA), Rockville, MD. 

The laser system safety features required by such per
formance standards which are applicable to most commercially 
constructed research and industrial Class 3b and 4 lasers are: 
(l) an interlocked or secured protective housing, (2) a remote 
connector which can be used to interlock an entrance door, (3) a 
key operated switch, (3) an emission indicator, such as a pilot 
light, (4) a beam attenuator, e.g., a mechanical shutter, (5) 
specified warning labels, (6) protective viewing optics (i.e., by 
a filter or shutter system), and (7) operator controls located to 
limit the chance for exposure. In addition to these general re
quirements, all medical laser products must also comply with 
three other requirements: (l) a means to measure the output 
within ±20 %, (2) a measurement calibration schedule, and (3) a 
"laser aperture" label. In some instances, a self-monitoring 
fixed laser output is considered to fulfill the first medical 
requirement. In the USA, manufacturers can obtain variances from 

330 



the above standards if alternate and effective controls are 
provided. A few controls (e.g., the protective housing), are 
also required for laser products assigned to lower classes. 

It is important that each person working with a Class 3B or 4 
laser product understand that the system safety controls are only 
helpful if used, and cannot be relied upon alone without other 
user control measure. Airborne contaminants must be evaluated 
[9]. Controls (e.g., filters in viewing optics) must be checked 
to be in place after servicing. Use of the key switch can pre
vent unauthorized use of the device by untutored persons. Since 
hazardous reflections and high voltages are accessible within the 
protective housing, the interlocked or screw-fastened enclosure 
should not be tampered with except by a well trained serviceman. 

MEDICAL SURVEILLANCE 

Medical Surveillance is not a control measure. At one time, 
many regulations required that all employees working with lasers 
have pre-placement and periodic eye examinations. However, today 
some examinations remain only for legal reasons [10]. But, if an 
accidental over-exposure to laser radiation occurs, it is criti
cally important that an examination be performed within 1 - 2 
days following the accident or suspected accident [10]. 
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RISKS OF CHRONIC EXPOSURE OF THE EYE BY OPTICAL RADIATION 

John Marshall 
Institute of Ophthalmology 
Judd Street, London, UK 

and 

David H. Sliney 
US Army Environmental Hygiene Agency 

Aberdeen Proving Ground, Maryland, USA 

ABSTRACT 

In recent years a growing body of data has accumulated in 
relation to the effects of optical radiation on the incidence and 
chronology of age related ocular pathologies. Chronic exposures 
to optical radiation result in both artificial and natural 
sources, but in practice solar radiation is by far the most 
significant. The solar exposure of the eye varies with 
geographic location, the altitude, the time of day and the 
geometry of the exposure. The absorption sites within the 
ocular tissues are dependent upon the wave length of the incident 
radiation. Each tissue of concern in the eye selectively absorbs 
specific wavelengths, thus precluding these from falling on the 
next underlying tissue along the path length. The actionspectra 
of eye pathologies will be discussed in relation to tissue, age, 
and specific waverlengths absorbed. 
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SOLAR RADIATION AND THC: ULTRAVIOLET 
RADIATION EXPOSURE STANDARD 

Colin Roy, Peter Gies and Graeme Elliott 
Australian Radiation Laboratory (ARL) 

INTRODUCTION 

Partly as a result of increased concern over the possible 
depletion of stratospheric ozone and concomitant biological 
effects such as an increased incidence of skin cancer, ARL is 
extending the scope of its solar ultraviolet radiation (UVR) 
measurement programme. The results obtained thus far will be 
presented and their implication for the outdoor worker will be 
discussed in terms of the Australian occupational UVR exposure 
standard and the need to change existing work practises and 
personal protection. 

EXPE:R I MENTAL MF~'l'HOD 

Solar UV spectral measurement are made at Yallambie (37.8°S) 
using a microcomputer controlled spectroradiometer incorporating 
a Spex 16808 double monochromator (DM). The DM contains two 
50x50mm, 1200grooves/mm gratings blazed at 250nm. resulting in a 
dispersion of l.8nm/mm and a resolution of 0.2nm. The detector 
is an EMI 9653QA end-on PMT which is held at -10°C. The current 
is measured with a Keithley 616 digital electrometer. The typical 
dark current is 50 pa which results in a noise equivalent 
spectral irradiance of approximately 1~W.m-2.nm-1 at 
300nm. The optical input involves a 100mm integrating sphere 
coupled to the DM entrance slit by a 1m liquid light guide. The 
sphere is raised into position through a hatch in the laboratory 
roof and global radiation measurements are made at solar noon on 
cloud-free days. The diffuse component of this radiation is also 
determined by making alternate measurements with an occulting 
band in place. Scans are made at 1nm intervals over the range 
280- 400nm with a bandwidth of lnm. At each wavelength data is 
automatically collected and averaged until the required (usually 
1-10%) standard deviation is met. Calibrations are performed 
in-situ using a calibrated 100W quartz halogen lamp. All data is 
stored on disk for eventual transfer to the ARL computer. 

Solar UVR is monitored continuously with an Eppley uv 
radiometer. This has an interference filter which limits the 
spectral response to the 295- 385nm wavelength interval. The UVB 
component is measured with an International Light IL700A UVB 
(280- 315nm) radiometer. Total sun and sky radiation are measured 
with an Eppley precision spectral pyranometer. This has a 
spectral response covering the 0.285-2.8 ~m region. All three 
radiometers are interfaced to a datalogger which stores data as 
10 minute averages. This data is transferred weekly to the ARL 
computer for ana lysis. Three further broad- band detection units 
have been constructed and these will be placed at Brisbane 
(27.5°S) and Mackay (2l.PS) (both on the east coast of 
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Australia) during early 1988. A detector with an 
'erythemal-like' response will also be included in these units. 

RESULTS AND DISCUSSION 

Typical spectral power distributions (SPD) for solar UVR are 
shown by log and linear plots in Figure 1 for four days 
representing the four seasons of 1987. The measurements are of 
global radiation (direct plus diffuse) incident on a horizontal 
plane. The log plot shows the dramatic increase in spectral 
irradiance through the UVB region (five orders of magnitude over 
a 20nm wavelength interval). The changing onset with time of 
year is also evident (from 287 to 292nm). The daily and annual 
variation of UVR and UVB is given in Figure 2. In summer during 
the five hours centred on solar noon 59 and 70% of the daily 
total of UVR and UVB respectively is received -this has important 
implications for the outdoor worker. 

In determining exposure doses it is important to know the 
direct and diffuse components of the global radiation. Figure 3 
shows the variation of the solar ratio with wavelength and SZA 
during 1987. Measurements were made at solar noon on the 
indicated dates. At low SZA' s the wavelength variation of the 
ratio may be predictable for given atmospheric conditions and 
this would allow the determination of the diffuse component from 
the calculated direct component and a few measurements of the 
ratio at selected wavelengths [1]. This would provide spectral 
information for data collected at remote locations. 
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Exposure Standard 
The Australian National Health and Medical Research Council 

recently adopted the IRPA UV occupational Exposure Limits [2] for 
Australian workers. For an 8-hour working day these are 

1. UVA radiation (315-400nm). The total irradiance incident 
upon the unprotected skin or eye should not exceed lOW.m-2 
for periods greater than lOOOs. 

2. uvc and UVB radiation (180-315nm). An effective irradiance 
(Eeff) of 30J. m--2 is recommended. The Eeff for a 
broadband source is calculated by weighting the SPD by the 
spectral effectiveness curve [2]. 

Table 1 gives maximum irradiance data for four representative 
days of 1987 as well as the maximum allowable exposure time 
(tmax> for the UVB component calculated according to the IRPA 
guidelines (2]. It is immediately obvious that the 
outdoor worker is exposed to uv irradiances that 
standard throughout the entire year and can receive 
permitted daily dose in less than 10mins in summer. 

unprotected 
exceed the 

the maximum 

Table 1 

Date(l987) UVA(Wm-2) UVB(Wm-2) Eeff(mwm-2) tmaxCmin) 

Jan 19 67.6 2.3 73.4 6.8 
April 24 31.5 0.8 16.5 30.3 
July 8 22.7 0.4 7.3 68.5 
Oct 30 51.9 1.7 48.4 10.3 

Protection 
The incidence of nonmelanoma skin cancer is known to be high 

amongst Australians, especially Queenslanders, although scant 
information is available for outdoor workers. Research at ARL 
and elsewhere has demonstrated the effectiveness of broadrim 
hats, clothing, sunglasses and sunscreens in reducing solar UVR 
to acceptable levels. It remains the responsibility of 
management and the unions to provide the encouragement and the 
means for outdoor workers to protect themselves. 

l. 

2. 
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ALLEGED RADIATION RISKS FROM VISUAL DISPLAY TERMINALS 

B. G. KNAVE and U.O.V. BERGQVIST 
National Institute of Occupational Health 

S-171 84 SOLNA (Sweden) 

A number of careful scientific studies have been focussed on the measurement of electro
magnetic radiation or fields due to VDTs based on the cathode ray tube technique (CRT), 
while limited attention has also been given acoustic radiation (see reviews, e g Bergqvist 
1984 or Guy 1984). The discussion as to whether work at VDTs can affect human health 
has been centered on different types of effects such as eye damage or discomforts, neck and 
shoulder discomfort, adverse reproductive outcomes, skin disorders and different stress 
reactions. In the present paper a short review is given of some of the alleged radiation 
hazards from the VDTs, mainly with emphasis on pregnancy outcome. 

THE CLUSTER PHENOMENON 

The discussions as to whether VDT work may influence pregnancy outcomes among 
operators originated with the observation that some groups of pregnant women had an 
unusually high frequency of miscarriages or birth of malformed children. Several investig
ators have found, however, that the reported number of such clusters is not higher than 
what is to be expected; although the occurrence of such a cluster is a very unusual event, the 
number of pregnant VDT workers is so large that also such events should be expected to 
occur, with a certain (low) frequency. Thus, a plausible explanation of the occurrence of 
these clusters is that of random distribution of adverse pregnancy outcomes - which will 

result in a low frequency of clusters due to chance without any VDT -specific causal factors 
being involved. 

THE POSSIBILTY OFTERATOGENICFACTORS ATTRIBUTABLE TO VDTWORK 

A number of alternate explanations for these clusters have been discussed; X-ray 
radiation, UV -radiation, microwaves, electric fields, magnetic fields, light air ion depletion, 
PCB emission, stress annd worry and sedentary work. Two of these factors are at present 
appearing in the debate: stress and worry and low frequency pulsed magnetic fields. 

Stress and worry: Some recent literature reviews have suggested a relationship between 
stress/worry and miscarriages /Bjorseth et al1985, MacKay 1984/. The possibility warrants 
further research, but available data, although indicative, appear insufficient to establish such 
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a link. Furthermore, consistent relationships between 'VDT work' and 'higher stress levels' 
have not been found. It appear prudent, however, to rectify stressful work situations for 

pregnant VDT operators (as well as non-pregnant operators). The explicit worry due to the 
debate concerning pregnancy outcomes remains a factor whose possible influence on 
pregnancy outcomes have not been tested. 

Effects of pulsed magnetic fields on embryos: Based on a series of studies, Delgado and 

coworkers have suggested that square pulsed, low frequency magnetic fields can disturb the 
embryonal development in chick embryos /Delgado et al 1982, Ubeda et al 1983/. Later 
investigations have however revealed serious technical shortcomings in these studies -
invalidating at least the 'exposure data' presented. Some other groups have failed to replicate 

these studies on square pulsed magnetic fields, in chick embryos /Maffeo et al 1984, 

Hansson-Mild unpublished, Tell-cited by Guy 1984/ or mice embryos !fribukait et al 1987/. 
A possible exception is a recent study /Juutilainen & Saali 1986/, where some effects on 

chick embryos of various forms of magnetic fields were indicated. According to the authors, 

the result did correlate with the amplitude of the field (i e the B levels), but not with the time 
derivate (dB/dt levels, or current induction). 

It has been suggested, that the relevance of these studies to VDT-like situations hinge 

upon the similarity of the dB/dt-levels. It is then worth noting that the positive study of 
those cited above, does not indicate that dB/dt is a relevant parameter for the effect. In a 

review for the WHO Regional Office for Europe, the working group concluded: "Although 

one or two parameters of the exposure fields employed in these studies are similar to those 
around VDTs, there are significant differences in numerous other parameters. Any 

extrapolation of these study results to exposure of VDT operators can only be considered 
tenuous." /Marriott & Stuchly 1986/. 

A few studies have also been performed, where the magnetic fields used were similar in 
pulse shape and frequencies to those found around VDTs ('saw-tooth pulses'): 

In one study by Tribukait et al /1987/, pregnant mice were exposed to various field 
intensities, the strongest being 15 uT. The foetuses were examined after 18 days (15 days of 
exposure and 3 days following exposure). In the 15 uT group, 11 (2.9%) of the exposed 
foetuses showed malformations, compared with 7 (1.4%) among the controls. On the other 
hand, 2 (0.5%) of the exposed foetuses died after the exposure period, compared to 8 
(1.4%) among the controls. Results from this study have been reported twice, both in 

January (approximately half of the material) and in May 1986. The differences described 
above were those for the full study. (It was noted, that such differences was only present in 

the first half of the study, data from the second half of the study showed identical results 

among the exposed and control groups as to these outcomes.) 

Another study by Frolen et al has recently been concluded - with the purpose of 
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replicating the study of Tribukait et al (above) with saw-tooth pulsed magnetic fields. The 
study results (here expressed as numbers/100 dams were: Implantations 716 (exposed) and 
688 (controls), living foeteses 625 and 644, number of malformations in living foeteses 45 
and 45, dead foeteses 15 and 6, resorptions 76 and 38, and number of malformations in 
dead foeteses 7 and 2, respectively. Thus Frolen et al did not find any increase in the 
number of malformed living mice foetuses due to magnetic field exposure, and thus the 
earlier results have not been verified. Instead, a certain increase in the number of foetuses 
that have started development in the uterus, and a corresponding increase in the number of 
dead or resorbed foetuses were found. 

In an ongoing study on clastogenic effects of pulsed magnetic fields on human amniotic 
fluid cells (Nordenson and Hansson Mild, 1987), some preliminary results have been re
leased. For both 50 Hz sinusoidal and 20 kHz sawtoth fields experiments, increased freq
uencies of chromosome aberrations were seen. The authors point out that implications of 
this to human health is still unclear. 

A study has been performed with chick embryos and saw-tooth pulses /Sandstrom et al 
1987/. No significant differences in number of abnormalities were observed between cont
rols and exposed eggs. 

Stuchly et al (1987) have recently reported on a study on rats exposed both before and 
during pregnancy to sawtoth pulsed magnetic fields of similar characteristics. No adverse 
pregnancy outcomes were found. 

EPIDEMIOLOGICAL STUDIES OF PREGNANCY OUTCOMES RELATED TO VDT 
WORK 

Systematic comparisons between VDT operators and non-VDT workers as to pregnancy 
outcomes have been made in a number of epidemiological studies. Hitherto, about 10 such 
studies have been conducted. None of these studies have provided evidence for an effect of 
VDT work on the frequency of miscarriages or serious malformations. In some studies, the 
frequencies were somewhat increased - which were explainable by confounders and/or 
random variations. In other studies, the frequencies were somewhat decreased - likewise 
explainable. These studies were of varied size and quality. Five of them can be considered 
(according to the authors) as fulfilling some necessary quality criteria. These studies are 
briefly presented in table 1. 

The existence of five large and apparently well conducted studies enables an evaluation 
not only based on the presence or absence of statistical significance or computed confidence 
intervals in each study, but that can also consider possible consistent ('nonsignificant') 
findings across these studies. Concerning miscarriages, there are then results which can be 
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Table 1. Outcome of five epidemiological studies that compared miscarriage and 
malformation occurrences for women with and without VDT work during pregnancy. 

Study Numb~rof Did the study find evidenc~ 
12regnancies of link between VDT work and: 

Miscarriag~ Malformations 
Swedish case-control study 
/Kallen & Ericson 1986/ 1447 No No? 

Swedish Nat'l Insurance study 
/Westerholm & Ericsson 1987) 4 347 No No 
Finnish case-control study 

/Kurppa et al1985/ 2950 Not inv. No 
Montreal study 

/McDonald et al 1986/ 
- previous pregnancies 3 863 No No 
-current pregnancies 3 799 No? No 

Michigan study 
/Butler & Brix 1986/ 817 No Not inv. 

Comments for table 1: No= no significant differences occurred. No? =some differences 
were noted, but the final evaluation by the authors was that these differences did not appear 
to constitute evidence for an increased risk due to VDT work. Some further details and the 
authors own conclusions regarding their studies are presented in the text. 

evaluated in different ways in the Montreal study (current pregnancies only) and possibly 
also in the Michigan study (as discussed above). In contrast, the Montreal study (previous 
pregnancies), the Swedish Nat'l Insurance study and by and large the Swedish case-control 
study lack such results. Concerning malformations, results open to interpretations exist in 
the Swedish case-control study, but are not found in the Montreal study, by and large not in 
the Swedish Nat'l Insurance study and not in the Finnish case-control study. A consistent 
pattern of increased risks is thus not present. 

REFERENCES 
See Bergqvist UOV and Knave BG: VDT work- an occupational health hazard? The IRPA 
7 International Non-Ionizing Radiation Workshop 5-8 April1988, Melbourne, Victoria. Ed. 

by MH Repacholi. 
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THI:!: ANATOMICAL DISTRIBUTION OF' SOT~AR UVR WITH EMPHASIS ON THE EYE 

Peter Gies, Colin Roy and Graeme Elliott. 
Australian Radiation Laboratory (ARL) 

INTRODUCTION 

Solar ultraviolet radiation (UVR) has been implicated in the 
induction of skin cancers and cataracts. Doses received by the 
body and the eye during different activities and over the 
lifetime of an individual have only recently begun to be 
quantified. 

Polysulphone (PS) film is a possible UVR dosimeter and 
several studies investigating the anatomical distribution of UVR 
have been published 1-4 Much of the work to date relates the 
UVR dose to that at a horizontal plane (defined here as ambient), 
and makes the assumption that the spectral power distribution 
(SPD) of incident radiation at all the exposure sites is the 
same. The spectral response of PS does not exactly match the 
biological response of human skin or eyes to solar UVR and 
variations in the incident spectrum could therefore introduce 
significant errors in the calculated UVR dose. Of particular 
interest is the SPD of UVR incident upon the eye. since the 
hazards of UVR vary greatly with wavelength, especially near 300 
nm. The transmission of UVR through the ocular media is 
complicated by many factors. The natural protective features of 
the eye such as pupil dilation and squint mechanism greatly 
modulate the dose of UVR which enters the eye. This work 
presents the dose response of PS film to solar UVR, the anatomic 
distribution of solar UVR, and also the SPD of radiation incident 
on the eye. 

EXPERIMENTAL METHODS 

Ambient measurements of the solar UVR SPD were made using a 
Spex 1680B double monochromator system. Continuous radiometric 
measurements of solar radiation, solar UVR and solar UVB 
radiation were made using an Eppley pyranometer, Eppley UVR 
radiometer and an International Light IL700 UVB radiometer 
respectively, at the ARL in Yallambie (38°5). The complete 
measuring system is described in detail elsewhere 5. 

A number of different headforms and mannikins with small PS 
film badges attached at various sites were placed either on a 
rotating turntable, or simply positioned to face in a given 
direction, and exposed to solar UVR. Exposures took place in a 
large open area well clear of any buildings, and the ambient 
radiation was monitored continuously with separate PS film while 
solar UVR SPDs were measured every 10 minutes. 
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Measurements of the SPD of solar UVR incident on the eye 
socket of one of the headforms were made using a 25 mm 
integrating sphere and a 2 m liquid light guide as input optics 
of the double monochromator. with the sphere positioned with its 
input port at the eye aperture. It was not possible to rotate 
the head form while scanning. so SPD measurements were made with 
the headform facing Nth, Sth, East and West, with the ambient SPD 
measured immediately before and after. 

RESULTS AND DISCUSSION 

Exposure of PS film to solar UVR and simultaneous measurement 
of. the SPD of the incident radiation allowed quantification of 
the radiation received by each PS film badge. Weighting of the 
solar UVR SPD with the recently introduced CIE 6 erythemal 
response (ER) gives a dose response curve of change in 
absorbance A versus erythemally effective dose (EED) in J tm2. 
This dose response curve (Figure 1) was used to determine all 
relative UVR doses with respect to ambient for headform PS 
exposures. For comparison the results of Diffey 7 are shown. 
The difference between the two curves is mostly due to the 
different ER' s used in each analysis. When the CIE 6 ER is 
used on the results of Diffey 7 the agreement is markedly 
improved (Figure 1) . 
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Figure 1. Change in absorbance versus erythemally effective 
UVR dose (EED) for polysulphone film. 
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Measurements of the anatomical distribution of solar UVR are 
shown in Table 1. and compared with previous measurements. While 
there are slight variations between the different studies, 
probably due to variation in conditions under which the exposures 
took place. similar distributions of relative UVR dose are 
evident. It was also observed that the relative dose at each 
anatomical site was independent of cloud cover 1 

Table l 

Anatomical 
Site 

UVR dose as a percentage of the vertex (ambient) 
This Diffeyl* Holman3 

Vertex 
Cheek 
Shoulder 
Upper Arm 
Lower Sternum 
Lumbar Spine 

Work * 

100 
17 - 30 
89 - 99 
41 - 32 
58 - 42 
47 -- 24 

100 
30 - 31 
80 - 68 
49 - 56 
58 -- 73 
43 - 51 

* Cloud cover varying from overcast to clear 

100 
15 - 47 
66 - 70 
59 -- 66 
44 - 46 
58 -- 71 

Measurements of the relative UVR dose at sites about the face 
using rotating headforms and PS film are shown in Table 2. Of 
particular interest is the ocular to ambient exposure ratio 
(OAER) which is found to vary from 0.12 to 0.40 depending upon 
the time of year. and this range encompasses previous 
measurements (Diffey et al 2 OAER=0.46, Rosenthal et al 4 
OAER=O.l9). Many of the anatomical sites show a variation of the 
relative UVR dose with season. the effect of solar elevation 
playing an important role in the irradiation process. Table 2 
shows the variation of anatomic distribution measurements for the 
months of January. r'ebruary and May. The results for summer 
(Jan-Feb) show a pronounced change from those for May. Wearing a 
hat reduces UVR dose at all sites. while sunglasses reduce the 
ocular dose. 

TABLE 2 

The relative UVR dose as a percentage of the vertex. 
results of Diffey et al 2 are shown for comparison. 
shown are the effects of wearing sunglasses and 
(measurements made in February). 

The 
Also 
hats 

When Wearing 
Position Diffey2 May January r'ebruary Glasses Hat 

Vertex 100 100 100 100 100 
r'orehead 58 72 31 44 39 <1 
Side of Nose 42-51 74 31 32 23 5 
Centre of Nose 66 77 50 66 52 16 
Cheek 29-50 62 22 28 18 12 
Eye 46 41 14 12 2 4 
Upper Cheek 14-41 63 26 39 ll 8 

343 



Exposures with PS film on the 4 headforms facing N.S.E and W 
gave average values in good agreement with those obtained using 
rotating headforms. so averaging the ocular scans should also be 
valid. Table 3 summarizes the SPD measurements for the 4 
directions. 

Table 3 

UVR Ocular Irradiance as a 
Direction Time Conditions Irradiance Percentage of ambient 

(Wfm2) UVH UVA* UVB** 

East 1230 (0900) Clear 3.5 (6.1)"* 6 (13) 6 (13) 6 (13) 
North 1235 (0905) Clear 4.2 ( 3. 7) 7 ( 8) 7 ( 8) 6 (7) 
West 1240 (0910) Clear 4.1 ( 3. 8) 7 ( 8) 7 ( 8) 7 ( 9) 
south 1245 (0915) Clear 3.6 ( 3. 6) 6 ( 6) 6 ( 6) 6 ( 8) 

North 1350 overcast 3. 1 16 16 12 

* UVA = 315-400 nm ** UVB 280-315 nm -+ (am values in brackets) 

The irradiances listed are the integrations of the SPDs over 
the appropriate wave length ranges and as expected. those with 
larger direct components of solar radiation are higher than those 
without (south). The SPDs for each of the directions was not 
significantly different from that of ambient. 

CONCLUSIONS 

(1) The anatomical distribution of UVR varies with time of year. 

(2) The spectral distribution of UVR incident on the eye is not 
detectably different from that of ambient. 

(3) Although the spectral response of PS film is not ideal the 
results obtained thus far indicate that it is suitable as a 
personal solar UVR dosimeter. 
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UV - RADIATION: AN EPIDEMIOLOGICAL STUDY ON MALIGNANT 
MELANOMA IN GENERAL POPULATION AND A MODEL OF OCCUPATIONAL 

STUDY ON RESEARCH WORKERS 

R. Horn Orni and C. Pala 
CNR Safety and Health Service of National Council of Research 

Via Serchio 8, Roma, Italy 

and 

G. Petrelli 
Instituto Superiore di Sanita 

ABSTRACT 

Malignant melanoma of the skin has increased rapidly in the last decad~s,and th 
problem of its etiology has caused considerable concern. In Italy a threefold 
increase in the mortality rate of melanoma has been observed in the period 1955 
1978. An epidemiological study has been conducted in the city of Rome and the 
incidence of melanoma has been determined retrospectively for the years 1970-79. 

All public and private health structures of the city were involved.A case was 
defined as patient resident in Rome with histological diagnosis of melanoma 

performed between 1970 and 1979. In the years 1970-72 the average incidence rate 
per year was 0.8 per 100,000 inhabitants both for males and females;while in 
1977-79 the average rate was up to 2.0 per 100,000 for males and 2.4 for females 
(age standardized rates). The annual increase in incidence was 19%, for males and 
25% for females. Age specific incidence rates were quite similar in both sexes. 
In the aetiology of mel..araia the authlrs suggest· that one of the major factors that 
plays a role in the increase of melanoma is sun exposure. In order to analyse 
the occupational exposure to UV, particularly to workers of research referred, 
monitoring and control was planned. In the National Council of Research (CNR) 
we decided to screen the main kinds of sources used in relation to the number 
of workers involved, their exposure time and so on. In the Post~r we ~il show 
the results of the epidemiological study and of the screening with the subsequen 
consideration. 
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SAFETY IN THE USE OF NON-IONISING RADIATION:A FEW SAMPLE SURVEYS 

R.N. Sachdev, G. Swarup and K.K. Rajan 
Pollution Monitoring Section, BARC,Trombay, Bombay 400 085 

This paper summarises the results of a few sample surveys 
carried out in course of an on-going programme at Trombay, on safety 
during use of equipment generating non-ionising radiation in three 
different categories, namely, visible radiation from gas-filled 
discharge-tube flashes, lasers and ultra-sound. Some of the measured 
levels in the above three categories which deserve attention have 
been discussed in the light of exposure limits CELsl. 

SURVEYS ON OPTICAL RADIATION HAZARDS FROM XENON TUBE FLASHES 

Measurement of visible radiation during flashes from 28 em long 
16mm dia cylindrical tubes have been carried out in a laboratory 
engaged in fabrication, assembly and testing of these tubes for use 
with glass type of lasers. Tubes, during the course of testing and 
calibration, are normally covered with an opaque box to contain all 
radiation but there are inadvertent leakages which vary widely. 
Surveys covering various distances and locations in the laboratory 
from the site of leakage were carried out with the use of a portable 
survey-meter <Sachdev, 87l incorporating PIN photo diode as sensing 
element. Instruments of this type can be used to measure radiation 
in any part of the optical spectrum with the use of suitable 
combination of band-pass and band-stop filters. While the study of 
spectral radiance from the 
~m range, the PIN photo 
incorporated with a set 
between 310 nm to 720 nm. 

flashes was carried out in the 0.26-0.60 
diode at the time of measurements was 
of optical filters limiting its range 

From a series of measurements made during these surveys, those 
carried out on leakage of radiation at the end-on side of the 
cylindrical tube are reproduced in Table 1. Retinal, thermal hazard 
and blue l:iqht hazar-d givr.-m by~L)IR;., 6;>. ~' Z.L,.t 8?< ~:;>. ,.··;::··;.;p~~ctivE~ly 
~~Jt:erE' r,~val.u.iJ.t<=.;d <i•JHO, 1982) \•Jith the usE~ o·f t-E~tinal. ·J::.hermal (£).)and 
blue light (B~ )weighting functions(sliney,1980). Weighted spectral 
radiances in the two cases are essentially as integrated over the 
entire available wavelength range for the duration of the flash (t). 
It is seen that retinal thermal hazard during these measurements is 
about~ two orders higher than the suggesed hazard limit of 1.716 
kW/cm~ computed on the basis of angle subtence by the source on the 
receptor. The blue light hazard from the flash i~, however, a small 
fraction of the hazardous limit of 154 watts/cmL.sr. It may be 
pointed out that similar measurements on broad-side of the tube 
would give even higher values of radiance for the radiation leakage. 

SPECLJLAP f~EFLECT I ON ME?iSUF!Et1ENTf:l 

It is common in environmental studies planned to measure 
concentrations of specific toxic gases using optical methods to use 
m set of metal deposited concave mirrors to increase the effective 
path-length by virtue of multiple reflections. Suitably located 
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mirrors, either in the laboratory or outdoor, are used to measure 
the extent of absorption of radiation of specific wavelength during 
the course of travel of the beam between the source and the 
detector. Mirrors in the experimental assemblies in our use were 
deposited with aluminium, known for good reflectivity in the middle 
infra-red. A He-Ne laser emitting at 3.39J~m was required to be 
used for detection and measurement of methane in the environment. 
The problem of a hazard from specular reflections in this type of 
assemblies arises during alignment of measuring set-up with the use 
of 0.6328 ~m wavelength from He-Ne laser. 

studies on specular reflections in the·? 
assemblies incorporating concave surfaces with radii of curvature 30 
and 575 em are summarised in Table 2. It is evident from the 
observed ratios of irradiance in reflected beam to that of direct 
beam that even when incident irradiance is kept within EL, the 
irradiance in specularly reflected beam could be orders higher in 
certain cases. The obseved irradiances in general are a composite 
function of distance traversed in between reflections, radius of 
curvature of reflectinq surface and the quality of finish of the 
·::;ur···f.,c-~ct2 (!iJI·iO, l9t32) .. Ca.ution is nE":E~dE'd dur-inq alignmF"nt, l'ihil•2 
using class ~ lase~s in this type of assemblies, since these 
invariably involve specular reflections from surfaces having large 
radius of curvature IIRPA/INIRC, 1985). 

ULTRA SOUND SURVEYS 

Safety surveys have been carried out at Trombay on about a 
dozen commercially available laboratory ultrasonic cleaners 
ope~atinq at 40 KHz and ultrasonic dental scaling units operating at 
28.5 KHz. These studies were carried out with the use of type 2209 
B~uel and Kjaer precision sound level meter receiving signal from a 
microphone type 4135 having an open circuit flat frequency response 
between 4 Hz and 100 KHz. Octave band filter-set type 1613 was 
used with the sound level meter. The meter had earlier been 
calibrated with sound level calibrator type 4230. 

The ob·;;(~l·-\nc.ec! v<J.l u.•:-:~;:, oF sound or-~?,os•Jr'ce 1 r,:, 'f21 (f::lF'L) in mo·::;t c:.;:\sr,:,·,; 
around operating dental scaling units are within recommended limits 
For continuous occupational exposure to airborne ultra-sound but 
those around some laboratory cleaners make interesting observations 
and are reproduced in Table 3. Sound pressure levels as given in 
these tables are those observed with octave bands with mid 
frequencies at 8KHz, 16KHz and 31.5 KHz respectively. Octave band 
filter centered at 16 KHz will have its upper and lower frequency 
l:i.rnit·;; a'5 2:2.6•l f<Hz <:'l.nd 11..~'.2 LH~: rE~~':>pio?ctiv(;?ly. ThE~ u.pp>:~r· ·ft"-E?qU.E?ncy 
limit of this octave band filter thus almost coincides with the 
upper frequency lirnit of a one-third octave filter centered at 20 
KHz (limits 17.89 and 22.36 KHz). It appears reasonable to compare 
the observed SPL's with the recommended limit of 75db for the one
third octave band with a mid-frequency of 20KHz (lRPA/INIRC, 1984). 
Values of 85 db and above, even at a distance of 6 m from the unit 
would appear to be high. Similarly the SPL's measured at a distance 
of 0.5 meter with the use of octave band filters centered at 31.5 
KHz when compared with the recommended limit for continous 
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TABLE 1 
Evaluated par:.01eters on spectral radiance, retinal and blue 

light risk from xenon lamp flashes 

Wattage of the source 
Duration of the flash 
Irradiance measured at a distance of 70 em 
Computed source radiance 
Weighted thermal retinal hazard 
Estimated thermal retinal hazard limit 
Y!eighted blue light retinal hazard 
Estimated blue light retinal hazard limit 
Spectral radiance in 310-390 nm region 
Spectral radiance in 400-495 nm region 
Spectral radiance in 500-600 nm region 

TABLE 2 

1385 
650 

2.5 
6 

85.1 
1.716 
5.2 

154 
30.4 
35.3 
34.0 

kW 
p.sec 2 
mW/cm., 
k\1/crnz 
kW/cm2 kW/cm2 W/cm2 
I<W/cm 
% 
% 
% 

.Sr 

.Sr 

.Sr 

.Sr 

.Sr 

Observed ratios of reflected and incident irradiances during a study of 
multiple specular reflections from concave aluminium coated reflectors 
with the use of a Ile-Ne laser operating at 632.8 nm 

Sr. 
No. 

2 

3 

4 

No. of 
reflections 

2 

3 

4 

Effective 
distance 

(em) 

60 

110 

2300 

235 

Radius of 
Curvature 

(em) 

30 

30 

5'15 

30 

Ratio of 
irrndlances 

0.65 

0.36 

180.40 

0.35 

Remarlm 

Laser and det-ector 
located at planes 
coinciding with 
centre of curvature 
of tho surface. 

Laser and detector 
located away from 
the planes 
coinciding with 
centre of curvature 
of surface. 

Laser and detector 
located et planes 
coincl.ding with 
centre of curvature 
of surface. 

Laser and detector 
located away from 
planes coinciding 
Hith centre of 
curvature of 
surface. 

-----------------------------------------
TABLE 3 

Typical ultra-sound pressure levels moasured around a few 
operating laboratory ultrasonic cleaners 

------- --------------------------------------------

Ultrasonio 
cleaner llo. 

II 

III 

Dietunce from 
cleaner (metres) 

0.5 
2.5 
4.5 
6.0 

0.5 
2.5 
4.5 
6.0 

0.5 
2.5 
4.5 
6.0 

348 

Mid frequency of 
octave band (K Hz) 

8 16 31.5 

72 100 117 
77 95 109 
74 92 103 
72 89 99 

73 94 116 
98 100-104 

67 07 97 
67 86 95 

79 94 114 
72 86 101 
72 87. 5 96-98 
71 85 99 

All pa3s 
(10-70KHz) 

117 
109 
l04 
100 

116 
106 
100 

98 

114 
104 
102 
103 

·---------------------



occupational exposure (1/3 Octave band) of 110 db would appear to be 
hi. q!··, (I;JHO, 1 9T7!. 

In a laboratory where such tanks are being operated to clean 
delicate mechanical and optical parts, authors have found it 
difficult to perform scientific tasks requiring concentration. This 
observation appears to confirm what several other workers have 
n;,cw-·ded (\J.JHO, 19821. 

CONCLUDING REMARKS 

The studies reported in the paper are based on a few sample 
surveys carried out on equipment generating non-ionising radiation. 
They have helped locate areas which merit more detailed study. It 
can be concluded based on these studies, that while use of NIR in 

medicine and industry is on the increase, 
and built in safeguards require to be looked into, 
in several areas. 
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SAFETY MEASURES FOR THEIR CORRECT USE IN THE WORKPLACES, 
AS A RESULT OF MANY EVALUATIONS OF DIFFERENT HUMAN

COMPUTER INTERACTION FACTORS 

Leonardo Petrella and Anna Russo 
National Research Council of Italy, Occupational Safety 

and Health Protection Department, Rome 

ABSTRACT 

The video display terminals (VDT's) use is widespread and 
continuously increasing, and VDTs can be found in practically 
in every modern office. 

Although their use provides many economical benefits, they 
have also given rise to many questions about potential health 
problems of operators. 

For this reason it has been necessary to investigate and 
evaluate all the factors (ergonomic, environmental, health, 
safety, radiation emission, and so on) which could provoke some 
health implications to operator. 

The authors have evaluated a series of measurement and other 
determining factors in connection with the above problems, 
examining the widespread use of many different types of VDTs in 
different environmental locations. 

As a result they hereby propose a series of standards which 
should be respected when it is utilizing VDTs in the working 
environment, in order to optimize their use. 
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EXPERIMENTAL DETERMINATION OF A LASER RETINAL LESION 
THRESHOLD IN THE VISIBLE SPECTRUM. 

D. COURANT*. L. COURT**. B. ABADIE** and B. BROUILLET* 
* C.E.A.-I.P.S.N.-D.P.S./S.P.E., Centre d'Etudes Nucleaires, B.P. n' 6, 92265 

Fontenay aux roses Cedex (France) 
** Centre de Recherches du Service de Sante des Armees, 1 bis rue du 

Lt R. Batany, 92141 Clamart (France) 

The risks due to the use of laser have called for the definition 
of exposure limits. In France up to now, no experimental study was 
especially directed to determine the laser beam threshold's injuries 
or to verify the limits proposed by several international 
organizations, generally issued from the figures published by the 
American National Standard Institute (1976). In this aim, a contract 
of research was supported by the Direction des Recherches Etudes 
et Techniques of' the Ministere de la Defense and then the 
Commissariat a l'Energie Atomique. The experimental study concerns 
the ocular effects of the laser beam in the visible spectrum where 
the exposure limit values are the lowest and the protection is delicate 
to assume. 

The investigations were at first performed to study the effect 
of a single -pulse whose the duration was widely shorter than the 
blink reflex and to determine the threshold level of a selected damage 
criterion corresponding to a pathologic change of the retina. The 
experimental results are compared to the actual limits proposed for 
one laser pulse emitted in the visible spectrum in cases of a point 
source and extended source viewing conditions. 

Two experimental layouts were used in this study. The first 
source was a pulsed dye laser emitting at 593 nm. The pulsewidth 
was 600 ns. The second source was a locally constructed Q-switched 
Nd:YAG laser delivering one pulse of 40 ns. A KTP crystal was used 
to frequency double the laser output at 532 nm. Different systems 
were mounted to give the most uniform energy distribution of the 
laser beam in the observation plan. In both optical systems the retinal 
image, varying from 30 to 570 1-(m, is formed using a Maxwellian-view 
procedure. The experiments were carried out on monkeys and rabbits. 
We have used two different methods to perform this work testing 
both their sensi ti vi ty and their reliability. The eye fundus 
examination was made by direct ophthalmoscopy and fluorescein 
angiography immediately after the exposure and after 24 hr. 

A retinal grey opacity which is in our experiments the slighest 
retinal damage detectable by a direct ophthalmoscopic method was 
selected as the threshold damage criterion. We have noted that if 
the most injuries are visible 15 mn after the exposure, it is only 
after 24 hr that all injuries can be observed with this technique. 
The same damage is observed by fluorescein angiography as a well 
delimited yellow-green spot revealing a persistent accumulation of 
dye anterior to the pigment epithelium. Immediately after the exposure 
the most lesions near the threshold detected by fluorescein 
angiography was not ophthalmoscopically visible. The si2e of the 
fluorescent spot was smaller in the lesions induced by exposures near 
the threshold. Depending on the radiant exposure the persistency 
of the fluorescence was varying from some ten minutes to some hours. 
In experiments carried out on the rabbit retina with minimal 
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exposures very near the threshold, the fluorescent spot like a 
granular pattern could not be distinguished by a new injection of 
fluorescein at time periods after the exposure varying from 3 to 
6 hrs. 

e Direct ophthalmoscopic exam. J 0 

A -11- II -11- J+l 

0 Fluoresc. angiographic exam. J 0 

b.-11-- --11 -11- J+l 

0 

0 

• 

0 

0 

285 570 
Retinal image diameter Jlm 

Figure 1. ED50 obtained on rabbit retina as a function 
of the retinal image diameter, immediately (JO) and 24 hr 
postexposure (J+i), with two methods of fundus observation. 

Retinal grey opacities and fluorescent visible lesions were scored 
and analysed by a method of probi t analysis. The statistical 
calculations had shown that fluorescein angiography is an 
investigative method allowing to detect laser induced lesions at 
radiant exposure levels below those which produce 
ophthalmoscopically visible changes (Fig. 1). 

The experimental results obtained with fluorescein angiography 
could be extrapolated to human and the threshold damage values, 
commonly represented by the median effective dose (ED5Q), could be 
compared with the limit values proposed. Of course, the comparison 
with the experimental values should be made with the limits 
corresponding in human to retinal images of same sizes. 

In the case of retinal images of 30 ~m it agrees to compare 
on the values found on the rabbit retina with the limit value 
recommanded for minimal retinal images (Fig. 2). This limit is lower 
than the energy related to the smallest probability of damage. The 
experimental results are in good agreement with the corresponding 
limit established for the vtsion of a point source. 
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Figure 2. Point source vision. Comparison between the 
probit regression line and the corresponding limit value. 

The exposures produced with the largest images (70 to 570 ~m) 
correspond to the extended source viewing conditions (Fig. 3). Then, 
it agrees to compare the retinal radiant exposure thresholds 
experimentally found for each image diameter to the corresponding 
limit values expressed too in retinal radiant exposure. For extended 
source viewing conditions the limit values are given in function of 
the exposure duration. The shortest exposure studied in this 
experimental work was obtained with a pulse duration of 40 ns and 
a retinal image diameter of 250 ~m on the monkey and 200 ~m on 
the rabbit. The ED5o are 52.9 and 20.2 mJ.cm-2 respectively. The 
correspondin~ exposure limit, equivalent to a retinal radiant exposure 
of 4.0 mJ.cm- , is lower than the EDso experimentally determinated 
but the probi t regression lines show this limit relates to weak 
probabilities to detect a lesion by fluorescein angiogri=!phy (1.4% and 
3% respectively). 

For a pulse of 600 ns, the experimental results obtained on the 
rabbit retina wit.h retinal spot sizes of 70, 285 and 570 ~m are 184, 
43.8 and i 7 mJ.cm-2 respectively. All these EDso calculated by the 
method of probit analysis are superior to the retinal radiant exposure 
limit equivalent to 10 mJ.cm-2 related to a pulsewidth of 600 ns. 
For the retinal image diameter of 70 1-1m this limit is also lower 
than values given by the probit regression line for the smallest 
probabilities. However, the comparison of the limit value with the 
probi t regression lines fitting the experimental data obtained with 
retinal image diameters of 285 and 570 ~-tm shows that exposure limit 
corresponds to a probability to observe a fluorescent spot on the 
fundus of 7 and 32 %, respectively. 
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Figure 3. Extended source viewing condition. 
Comparison between the probi t regression lines and the 
corresponding limit values. 

Then the EDso values, determinated in extended source viewing 
condition with both pulse widths of 40 and 600 ns are upper than 
the limit values but the discrepancy is considerably reduced when 
the image size increased. The probability to detect a fluorescent 
spot increases. This is particularly evident with experiments carried 
out on the rabbit using retinal spot size of 570 1-1m where fluorescein 
angiography had permitted to detect retinal damages induced by 
energy levels very near or below the limit value. Such damages are 
described in the histological study performed by Gueneau et al. and 
reported in the present volume. 

In conclusion, these experiments had shown for the study of 
retinal lesion thresholds but also for the clinical investigation of 
a possible accident, the importance of both the method and the delay 
of the observation after the exposure. In our experimental conditions, 
the fluorescein angiography appeared the most sensitive technique 
and should be used immediately after the exposure. At the opposite, 
the best delay using the direct ophthalmoscopic method is 24 hr 
after the exposure. 

Our experimental results obtained with a fluorescein 
angiographic method, extrapolated to human eye, support the limit 
value established for the vision of a point source but do not agree 
with the exposure limit established for extended source viewing 
condition. In this case, the limit corresponds to a probability of 
damage increasing with the retinal image diameter. 
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RETINAL LESIONS INDUCED ON RABBITS BY SINGLE AND LOW ENERGY 
LASER IRRADIATIONS. HISTOLOGICAL AND ULTRASTRUCTURAL STUDY. 

+ GUENEAU G. , +BAILLE V. , +-t COURANT D. and + COGR.T L. 

+C.R.S.S.A. Ibis Rue du Lt. Raoul Batany, 92I4I Clamart, France 
++ C.E.N- F.A.R., B.P. nQ 6, 92265 Fontenay-aux-Roses, France. 

The aim of this histopathological study is triple : I) to 
specify the retinal layers damaged by each radiant exposure stu
died, 2) to follow the healing reactions with observations car
ried out at different time intervals, 3) to determine the mini
mal radiant exposure to produce a cytological damage visible 
with the electron microscope. 

The experimental animals are adult "Fauve de Bourgogne" 
rabbits. Two different laser sources were used : a pulsed dye 
laser and a frequency-doubled YAG laser. 

RETINAL EFFECTS OF THE PULSED DYE LASER. 

With the pulsed dye laser the wavelength is 593 nm, the sin
gle pulse lasts 600 ns, and the retinal image diameter is 570 pm. 
Five energies, expressed in radiant exposur~ 2at the retina, have 
been studied : II8, 45, 26, I6 and I2 mJ.cm , and the examina
tions by light and electron micro:ocopy have been carried out 24 
h., 3, 7 and_ 42 days after the radiations. 

The lesion onset in this experiment is always the retinal 
pigment epithelium (thermal effect) .:_

2
When the energy delivered 

at the retina is less than 45 mJ.cm the lesion remains locali
sed under the outer limiting membrane. 

After a pulse delivering I6 mJ.cm- 2 at the retina the swel
ling of this one is almost imperceptible 24 hours post exposure, 
but three facts prove the presence of the lesion : a) the ripple 
and destroyed aspect of pigment epithelium where only melanine 
granule subsist, b) the slight oedema and the disorganization ob
served in the outer segments layer, c) at last the very slight 
damage of inner segments layer which has not its normal thick 
and tight aspect (Figure I). 

With the electron microscope we confirm that the lesion 
s-till remains severe : an oedema invades the outer segments layer 
where scattered melanine granules are observed, and above all 
many images of discs degeneration. 

-2 The I2 mJ.cm radiant exposure at the retina is the lowest 
energy level we have studied so far. 5 hours post exposure we can 
already observe on the I pm thick sections a slight injury of 
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some epithelial cells and outer segments tips. The Figure 2 
shows a totally burnt epithelial cell observed with the electron 
microscope 4 days post exposure. 

Two facts hold the attention in the healing phenomena : the 
proliferation of new epithelial cells which are perfectly obser
ved 7 days post exposure, and the progressive reorganization or 
"repair" of the outer segments observed 42 days post exposure. 

RETINAL EFFECTS OF THE FREQUENCY-DOUBLED YAG LASER 

With the frequency-doubled YAG laser, our physical parame
ters are different : the wavelength is 532 nm, the single pulse 
lasts 40 ns, and the retinal image diameter is 200 pm. 

We have only studied up to ~2w three radiant exposures~~t 
the retina : SO, 35 and IS mJ.cm , and the examinations by light 
and electron microscopy have been carried out 4 h. and 29 h. 
after the illuminations. 

The main result is the importance of_~he damage with the 
relatively low radiant exposure (IS mJ.cm ). The Figures 3 and 
4 show that the retinal layers involved in the lesion examined 
29 h. after exposure are the pigment epithelium, the outer and 
inner segments of the photoreceptors, and also the outer nuclear 
layer. 

We need other observations to specify the exact aspect of 
the damage induced by the frequency-doubled YAG laser, but what 
is already gained is that the minimal radiant exposure p~2ducing 
a cytological damage in the retina is far below IS mJ.cm . 
The study is carried on. 
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PROBLEMS IN APPLYING THE EFFECTIVE DOSE EQUIVALENT 
IN URANIUM MINING 

Wrn. R. Bush 
Atomic Energy Control Board of Canada 

270 Albert St., P.O. Box 1046 
Ottawa, Ontario KIP 5S9, Canada 

ABSTRACT 

Application of the effective dose equivalent (EDE) in uranium 
mining requires limiting the combined exposure to radon daughters, 
thoron daughters, uranium and thorium and their long-lived 
daughters, and gamma radiation. This can be done by limiting to 
unity the sum of the exposure to each source divided by its respec
tive exposure limit, but controversy exists about the appropriate 
limit for radon daughters. 

The AECB included the radon daughter limit recommended in ICRP-32 
(0.02 J/y or 4.7 WLM/y), as well as the EDE concept, in proposed 
regulations which it issued for public comment in 1983 and again in 
1986. The resulting comments from industry, labour, and the 
scientific community included opposition to the radon daughter 
limit as well as to the application of the EDE to mining. Some 
opposed the basis of the ICRP-32 limit, which is a combination of 
epidemiologic and dosimetric considerations. Some favoured epidem
iology whilst others supported the dosimetric approach. Some 
opposed using the EDE in mining because an epidemiology-based limit 
for radon daughters inherently accounts for some exposure to the 
other sources of radiation. To include each source in the EDE 
equation would therefore imply some degree of double accounting. 
In addition, apprehension was expressed about the practicality of 
complying with a limit on EDE. 

The evolution of the AECB's regulatory approach to uranium mining, 
taking into account the scientific and practical problems 
mentioned, is discussed in the paper. 
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VERIFICATION OF THE PREDICTED LEVELS OF ENVIRONMENTAL RADON, 
ORIGINATING FROM MULTIPLE LARGE AREA SOURCES 

D van As, A Grundling 
Atomic Energy Corporation of South Africa Limited 

INTRODUCTION 

An assessment of the contribution of radon-222, emanating 
from mine tailings, to the exposure of the population on the 
Witwatersrand(!), used an atmospheric transport model described 
in the AIRDOS-EPA computer code ( 2). This code is well known 
and is used extensively for radiation impact assessments and 
for setting radionuclide emission standards ( 3). It is 
imperative for the application that the accuracy and realism of 
the model calculations be determined by comparing actual 
measurements with predicted values under comparable conditions. 

Validation studies of the AIRDOS-EPA code for elevated 
single source releases over extended distances have been 
reported on by Field et al ( 4) . Amongst other observations 
this study emphasizes the influence of the observation period 
on the results and it is shown that agreement between measured 
and predicted values improves dramatically as the period is 
extended. It also points to the role of topography and the 
importance of the vertical mixing height for long-distance 
applications. Other validation studies ( 5) emphasize the 
importance of the procedure used to determine the atmospheric 
stability class from the measured meteorological data, 
especially for predictions over shorter distances. 

SITE CONDITIONS 

For the assessment of radon concentrations on the 
Witwatersrand (WWR), 250 tailings dams and ventilation shaft 
sources distributed over a distance of 80 km were considered. 
As the significant contribution from a ground-level source 
diminishes sharply with distance, predictions were limited to 
distances of 10 km from each source. An area of 104 km2 was 
divided into 1 km x 1 km grid spacings and overlapping values 
from single sources were summed to provide an integrated 
prediction from the multiple source distribution. 

For the validation study an isolated area with four well
defined sources was selected and predicted values compared with 
field measurements for two observation periods of 10 and 60 
days respectively. Short-term observations required sensitive 
measuring techniques. Ten monitoring points equipped with 
passive radon monitors were deployed in a down-wind direction. 
Longer observation times could be handled with track-etch 
detectors and observation points were established covering most 
grid sectors in a 100 km2 area. 



Validation studies were performed during the mid-winter 
periods which are dominated by highly stable atmospheric 
conditions, resulting in weak dispersion. These periods are 
therefore associated with maximum atmospheric radon 
concentrations. 

A major weakness in the overall assessment is the 
quantification of the source strength. Because of the extended 
and inhomogenous nature of radium in the tailings dams, as well 
as the variability of the radon emanation which is dependent on 
atmospheric and environmental conditions, the source strength 
is uncertain and can be extremely variable. For the 
validation, the radon emanation from the four relevant tailings 
dams was carefully measured, during the mid-winter periods when 
the absence of rain or intense atmospheric pressure variations 
allows a reasonable measure of homogeneity in the source 
strength. Atmospheric concentrations are directly proportional 
to the source strength. 

The Gaussian dispersion equation used in the model does 
not make provision for topographical features and comparisons 
were therefore performed over flat areas. The influence of 
topographical variations, in particular valleys, was inves
tigated. 

SENSITIVITY ANALYSIS 

Approximations are often necessary for input parameters 
used in the transport model. Amongst these are source 
diameters, source heights, the vertical mixing depth and the 
atmospheric stability classification. The sensitivity of model 
predictions to variations in these parameters was determined. 

The variation of the source diameter from 0,25 to 1,5 km 
resulted in significant differences within 2 km from the 
source. Smaller sources resulted in appreciably higher 
predicted concentrations at short distances from the source. 
The same effect is experienced with variations of the source 
heights between 0 and 30 m. At greater distances (more than 2 
km) the differences become insignificant. The depth of the 
mixing layer was not significant and only small differences 
occur at all distances. 

Atmospheric stability classification is a prerequisite 
for the determination of dispersion coefficients used in the 
Gaussian equation and requires input data of varying com
plexity. Two well-known methods, viz that of Turner (using 
cloud cover) and that of Vogt (using the vertical temperature 
profile), were compared for the same data base. The 
respective distribution of stability categories is illustrated 
in Fig 1. 

The difference in the predicted concentrations, resulting 
from the use of Turner and Vogt classifications, is highly 
significant and also strongly dependent on distance, as shown 
in Fig 2. 
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PERFORMANCE OP' THE AIRDOS MODEL 

The results of radon measurements, performed repeatedly 
for periods of 10 to 14 days at some 10 monitoring points, are 
compared with the predicted concentrations based on the Turner 
classification (Fig 3). The correlation coefficient was 0,73, 
with 88 % of the individual comparisons agreeing within a 
factor 2. 

A further comparison using observation periods of 60 days 
at 75 individual points did not show the expected improvement 
in correlation. The coefficient was 0,5, with 96 % of the 
individual values agreeing within a factor 2. 

Additional measurements were performed in valleys which 
acted as drainage channels for releases of radon from the 
tailings dams. Measured concentrations were consistently 
higher than predicted values by factors of 3 to 7. 

CONCLUSION 

When the uncertainly in the measurement of radon, which is 
of the order of 30 %, and the even larger uncertainty in the 
source term is considered, the comparison between predicted and 
measured values is most satisfactory. The model predictions 
used in the assessment of radon impact on the Witwatersrand are 
considered valid within the stated accuracy limitations and 
with due recognition for the effect of source proximity and 
topographical features. 
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CRITERIA FOR INTRODUCING INDIVIDUAL DOSIMETRY FOR MINERS 
EXPOSED TO RADON DAUGHTERS IN NON-URANIUM MINES 

W. Chruscielewski, D. Kluszczynski and T. Domanski 
Institute of Occupational Medicine 
90-950 Lodz, P.O. Box 199, Poland 

ABSTRACT 

In Polish non-uranium aines two systems of routine aonitoring for 
1nvironmental ~and individua' control on radiological hazards exist 
because of radon and its daughter products. These systeas are based on 
passive dosimetry with track etch detector. Routine environaental 
control is obligatory in all aines, however, routine individual control 
of ainers' exposure is introduced only in these mines in which the 
probability of exceeding 3/10 of basic liait exists, according to ICRP 
recommendation. This paper presents practical criteria for deteraining 
this probabilityt i.e. determines when routine individual control should 
be introduc1d parallel as int1nsivity of environmental control. This 
aakes it possible to aake rational and optiaal decisions to introduce 
individual dosiaetres of miners. It is very iaportant because the 
population of miners exposed to radon daughters is very large lin Poland 
about 300 thousand persons), These criteria result from statistical 
analysis of routine environaental aonitoring and individual exposures. 
All results of measurement from seven years' study are collected in the 
computer data base. We presented correlations between soae paraaeters of 
general environmental hazard estimation and the nuaber of individual 
exposures exceeding 3/10 of basic limit.The first of these paraaeters is 
average yearly radon daughters potential energy concentration and the 
second one is a fraction of the unit aeasureaent of this concentration 
exceeding 3/10 DAC obtained in monthly cycles. These parameters were 
estimated from 25594 numbers of unit aeasurements. These correlations 
were determined using Monte-Carlo aethod for function type 
y = i*lx-blc for x > b and y • 0 for x ~ b. This correlation 
shows that the probability of exceeding 3/10 of limit occurs after 
crossing threshold b. In this way individual dosimetry is introduced 
only for these ainers, whose radiation risk is iaportant fro• 
radiation protection point of view. 



EFFECTIVENESS OF A 1.5m THICK COVER OF SMELTER SLAG 
IN REDUCING RADON EMANATION FROM URANIUM TAILINGS. 

P C Crouch, A D Johnston, G Palmer & W J Spehr* 
South Australian Health Commission 

GPO Box 1313 Adelaide South Australia 5001 
•South Australian Department of Mines and Energy 

ABSTRACT 

A 1.5m thick cover of smelter slag was found to reduce 
radon emanation from uranium mill tailings by a factor of 
approximately 40. 

INTRODUCTION 

From 1955 to 1961, the South Australian Department of 
Mines operated a treatment plant at Port Pirie, approximately 
200km north of Adelaide extracting uranium from concentrates 
from the Departments' Radium Hill mine, 300km to the 
north-east. Aproximately 200,000 tonnes of concentrate were 
treated during this time with the tailings and other process 
residues being stored in dams adjacent to the plant. 

In 1982 the State Government decided to rehabilitate the 
site beginning with a proposal to cover the tailings dams. 
The 6 tailings dams covering an area of 22 ha were 
constructed on a clay base with clay retaining walls <See Fig 
1.). The uranium tailings were confined to Dams 2,3,4 and 
5. The tailings contained approximately 15 TBq of Ra-226 
with an activity concentration of 75 Bq/g. 

Plant 

Dam Dam Dam Dam Dam Dam 
6 5 4 3 2 1 

625 metres 

Fig. 1 Plan of Tailings Dam Area 
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The site is adjacent to a large lead smelter, and large 
quantities of smelter slag were available virtually free of 
cost. The slag is a sintered, granular material with 25% 
greater than lrnrn and only 1% less than 100 ~· It has a density 
of about 1400 kg;rn3 uncompacted and 1900 kg/rn3 compacted, is 
freely draining and will not maintain a moisture content of more 
than a few percent. 

Published results indicated that it would be a poor cover 
material as "sandy porous soil" has a re~orted half value layer 
for radon emanation reduction of l.Orn < >. However an initial 
laboratory test indicated that the HVL for the slag was of the 
order of 0.3rn, and so it was decided to conduct a field trial. 

FIELD TRIAL 

A test area <15m by lOrn> was selected and the pre-cover 
emanation rate was measured. The area was then covered with 
slag to depths of O.Srn, l.Orn and 2.0rn <see Fig. 2.). 

1 ·om 
o·s_m_ __ 

~' 
0~~ 

Fig. 2 Test Area Following Laying of Smelter Slag 

After covering, emanation rates on each thickness and an 
uncovered 'control' area were measured. Both the charcoal 
canister <2> and drum accumulator <3> methods were used to 
measure emanation rate. The HVLs measured for the various 
layers were from 0.14rn <O.Srn cover> to 0.57rn <2.0rn cover). Some 
but not all of the variation could be explained by compaction -
the O.Srn layer was compacted by vehicle movement in the laying 
of the other covers <4>. 

FULL COVER EFFECTIVENESS 

As results of the field trial were sufficiently promising, 
it was decided to proceed with a full 1.5rn cover of the 
tailings. A two year pre cover survey of the darns had shown a 
mean emanation rate of 5.0 Bq/rn2;s<4>. 
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After the cover had been completed a further survey over a 
12 month period indicated that the emanation rate had stabilised 
at approximately 0.12 Bq/m2;s. 

DISCUSSION 

The initial slag cover of approximately 1.Sm has been very 
effective in suppressing radon release from the Port Pirie 
tailings dams. The average annual emanation rate has been 
reduced b2 a factor of approximately 40 from 5.0 Bq/m2/s to 
0.12 Bq/m /s. This represents an effective HVL for compacted 
slag of 0.28m, a value consistent with the laboratory trials and 
similar to that of compacted soil (0.3m><1>. 

While there are presently no recommended Australian 
Standards for radon emissions from rehabilitated Uranium 
tailings piles, the value of 0.12 Bq/m2/s is well within the 
United States Environmental Protection Agency radon emission 
standard of 0.74 Bq/m2;s<5>. 

The 
known, 
moisture 
of Port 
tailings 
moisture 
radon<6>, 

reasons 
but an 

content 
Pirie 
become 
content 

for this relatively large reduction are not 
important factor is probably the increased 
of the tailings under the cover. The climate 

is dry with hot summers, and the uncovered 
desiccated. The cover will maintain a higher 
in the tailings, so reduc~ng the release of 

CONCLUSION 

While not appearing at first to be a good cover material for 
Radon suppression, the smelter slag performed surprisingly well. 
The conclusion to be drawn from this experience: try what you 
have at hand, it might work! 

J67 



REFERENCES 

1. EPA Draft Environmental Impact Statement for Remedial 
Action Standards for Inactive Uranium Processing Sites. 
(40 CFR 192> EPA 520/4-80-011(1980). 

2. Countess, R J "Rn-222 Flux Measurement with a Charcoal 
Cannister", Health Physics 1.L p 455, < 1976 >. 

3. Tompkins, R W and Cheng, K C <1969> Can. 
Metall. Bull, 11 p. 56-62 (1969>. 

4. Spehr, W J - "The Effectiveness of Lead Smelter Slag in 
Suppressing the Release of Radon from a Uranium 
Tailings Darn" Radiation Protection in Australia l· 
p 101 (July 1984>. 

5. EPA Proposed Disposal Standards for Inactive Uranium 
Processing Sites; <40 CFR 192). 
Federal Register Vol 46 No 6 p. 2562<Jan 1981). 

6. Strong, K B, and Levins D M, "Effect of Moisture 
Content on Radon Emanation from Uranium Ore and 
Tailings". Health Physics, 42, p. 27, <1981). 

068 



Ml'.:'l'llvU ~·uR l~B'l'lMA'l'lNli Hn-222 UAUGII'rl!:RS IN'rAKE 

FRmt 'I'Hh: CON'rENT OF Pb-?10 IN BONI!: 

Ruwei Ha, Yueru Jin, Xiuzhen Zhang, Renqi Zheng 

Institute for Rudiation Protection, MNI 

P.O.BOX 120 Taiyuan, Shanxi, CHINA 

ABS'l'RACT 

Underground uranium miners 8nd other miners are exposed to Rn-222 

nnd its daughters. It is of great concern that how the Rn-222 dau

t:hters intokt of miners will be er;timated when the informtion of 

concctration of Rn-222 daughters in air is not available. In this 

paper a method for estimating the Rn-222 daughtero intake from the 

content of Pb-210 in bone is presented. 

The intake-retention function, i.e. the ratio of the content of 

Pb-210 in bone, Q{t,T), to the potential energy intake of Rn-222 

daughters, Ip, is derived from the metabolic models of the ICRP 

Publication 30. At any time, T, after a constant exposure. interval 

t, the function is given by 

I t ->.·t -)\·T / 
Qct,T>/ 1p-D·59A 11·~.,Dc:(•-e. ~ )e •/)\'t"F 

A'1l- ( 1-t ~ K8 -t ~ Ke Kc.) "Ap / llA -t E8 t ~~ Ka-+ ~ Ka K~>J 

I 

Kj- t/ (I -t >..v/>.j) ( j = A I a I c I D) 

where, Di and )\j are the uptake deposition fraction and the effec-

tive clearau~c constant of the bone compartments i, respectively; 

"11 11 to )\, are the radioactive decay constant of the RaA to RaD; 7\v 

is the air turnover rate; F is fractional contribution of the shor

t-lived radon daughters inhaled to the content of Pb-210 in bone. 

Then Rn-222 daughters intake can be estimated from the calculated 

vDl\Ut of this function and meat>ured content of Pb-210 in bone .. 

This method has been used to evaluate the Rn-222 daughters in

lt~ke for 28 uranium miners. 'rhe renults eut i1n<tl ctl in this way ag

r~ed with in-3itu measured concenlrHtions of Rn-2?2 daughters in air 

within a factor of 2 and 4 for 68% and 100% of cases, respectively. 
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A RESERCH IN THE CLEANER FOR REMOVAL 
OF DUST AND RADON DAUGHTERS 

Wang Bingchuan. Ghen Baoshou 
The Metal Society of China 
Northeast University of Technology 

ABSTRACT. In polluted mines by radon and its daughters, the 
purification of mine air can be accomplished by the removal of 
dust particles and radon daughters using filters. A multi-stage 
filter cleaner was developed in Northeast University of Technology 
in People's Republic of China. Experimental data have indicated 
that removal efficiency is greater than 99% for dust and greater 
than 98% for radon daughters. Especially,it is able to withstand 
high humidity in mines. Its effectiveness has been proved by the 
data in-situ application in underground workings. 

For the purpose of occupational radiation protection at 
uranium mines and other mines polluted by radon daughters,many re
searchers and engineers have been paying great attention to look~ 
ing for a kind of high efficient cleaner.Because radon daughters 
are infinitesimal and positively charged particulates and can ra
pidly attach to dust, especially to submicron-dust, suppression of 
radon daughters is just as suppresion of dust in size of submicron. 
Obviously, it is impossible to collect such fine part1culates by 
means of the program of common industrial collection dust. As well 
known, the glass fibre paper filter has a higher efficiency in the 
cleaning and has been used to protect radon radiation, but it is 
so difficult,even impossible to use it in ·underground because of 
high humidity in mines and low strength of glass-fiber paper. 
It is necessary that the cleaner has such an ability to withstand 
high humidity in underground, by all means, also high efficiency 
and economic cost are taken into account. 

A multi-stage filter developed by Northeast University of 
Technology is composed of three parts: an electrostatic precharger 
(ESP), a fiber filter unit and a high efficient filter unit. Its 
structural scheme is shown in Fig.l. It owns such advantages as 
high collection efficiency,low noise level with 78db(A) and 75db(A) 
at the inlet and the outlet of cleaner respectively, high dust loa
ding capacity (1500 g/m~),long cleaning period of dust. The filter 
can be reused after being washed dust cake by water spray in as
sembly state. Its pressure drop is 60-lOOmmW.G at flow rate 3500-
5400mJ/hr. 

!.Electrostatic precharger 
2.Fibre filter 
3.Fan 
4.High efficient filter unit 
5.Collecting wind device 

Fig.l The structural scheme of multi-stage filter cleaner 
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Whether the last stdge high efficient filter can be used suc
cessfully, it deponds on the effectiveness of the prefiltration 
for the particles in size of submicrons. Because a bit little dust 
loading wilt sharp increase the resistance of the high efficient 
filter,in order to prolong the filter>s life, the prefilter should 
be designed as large dust loading capacity,high filtration efficier.
cy, strong moisture resistance,simple maintenance and long period 
of dust cleaning. The PW fiberous filter medium is of advantages 
for the purpose of collecting dust in underground. It has been de
veloped by Ventilation and Safety Engineering Division of NEUT and 
has been used effectively in industrial dust collection. Its effL
ciency is always more than 97%.The compar1son of six kinds of fil
ters are shown in Fig.2. 

~7.111Gt 

" 
80 

71 

" 
• .l V mfl 

1.The filter with electrostatic 
precharger 

2.The thick filter material 
3.The series ESP 
4.Common ESP 
5.The ESP with cross collective 

plates 
6.The thin filter material 

Fig.2 The comparison of the col
lection efficiency of six kind 
of filters. 

As mentioned above,the PW fiberous filter medium are chosen 
as a prefilter and asse.mbled in the cleaner to protect the last 
stage filter from excessive dust loading. 

The compound filter's filtration effectiveness only acheived 
80-90% because the efficiency of fiberous filter paper is 95% for 
particles larger than 0.3microns. It is neccessary for acheivement 
high efficiency that the submicron particles should be condensated 
as large as possible. As mentioned by Mr.R.L.Rock, the scholar of 
Denver Technical Support Center U.S.in 1972,"the most interesting 
aspect of ESP is that it appears that a bonus in air benefication 
is achieved by removal of condensation nuclei from mine air~ So an 
electrostatic precharger have been assembled for condensation of 
particle in front of fiberous filter.Experimental data showed that 
the filtration efficiency for radon daughters was raised to 98%. 

The test of the cleaner was carried out in the Heading 1730 at 
Malage Mine Yunnan Province China. Fig.3 shows the position of test 
site at the working face. The stope 1730 had an excessive concen
tration of dust and Radon daughters.Before 1re test,Radon daughters 
radioactive potential energy reached 6.4X10- JM-~It is 10times more 
than the National Health Standard Level. The experimental data are 
sUmmarized in the following Table,which shows the concentration of 
Radon daughters and dust decrease quickly as long as the cleaner 
turns on 10 minutes later,the concentration can drop to the Nation-
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nl Health StiJndr~rds. Tll!OJ cleaning efficiency in the working sp;:1c0. 
nchi.eved 89.6% and the tot~al collection efficiency of the cleaner 
for Radon daughters reached 98.85%. 

samplinq 'date 
·location time 

8.5m from Aug.'l 
face 8:55 

9:00 
10:35 
Aug.8 

t6:00 

Aug. 'I 
t5.5m from '9:00 
face Aug.8 

8:30 
20m from Aug.8 
face 16:00 
c le<'HJPc 

inlet 10:35 
outlet 

process 

loading 

drilling 
(two dri 11 ing) 

loading 

' drilling 
two drillers) 

1. The cleaner 

2.Ventilating tube 

The position of test site 
at working face. 

concentration 
,Radon(JM.1 ) dust mgm-1 
daughters 

5. 6X1o·s 
2.28 (Initial) 

1 0. 4/.X10·.f" 2.23 
·o. 37,no·-' 0.75 

o. 25 no-• o. 72 
-5 

1.03X10 1. 64 

-J"" 
0.26X10 1.2 

0.33Xl0_, 

-S' 
1. 97 XlO ·s 
0.024X10 

The concentration of Radon daughters and dust in 
cleaning process . The outlet of ventilating tube 
was kept 15m from drilling face in-situ test. 

CONCLUSiON 

Experimental results show that the method of local cleaning 
is available and reasonable technically for removal of dust and 
Radon daughters from the contaminated air in mines for the purpose 
of Alpha radiation protection. The cleaner can remove dust and 
Radon dau~hters effectively rind make excessive concentrations of 
dust and Radon dAughters decressing to the National Standards du
r·ing J t.o .10 minutes in underground atrnosphere.Even though double 
dri .l I ,,,.s vJOrk nt the same time, the cleaner can also make the con
c!~ntr<lti on of dust dE~creAsing to The National Standard, 2mg/m, at 
t.he workinq fuce. Whf'n tim cleaner is connected with a duct of 90 
:fl('tc'rs long And t.hP fJov1 ratp nt the outlet drops to 0.8 m~s.the 
('otWPnt r·;tl:ions or boUt pol Jul:ants can sUll be drained off effe
ctively. ···tte rJennPr c;m hP run continuously. Because of its low 
110ise, I">'OI·kers can LaJ k e;H:h other f reeJ y. 
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RADON EMANATION MEASUREMENTS FROM URANIUM ORE TAILINGS 
ARGENTINA 

IN 

Ciallella, H.E.; Jordan, O.D.; Oliveira, A.A.; Nollmann, C.E. 
Comision Nacional de Energia Atomica <CNEAl 

The uranium ore tailings represent important release sources 
of radon gas !Rn-222l into the atmosphere, being one of the main 
concerns regarding the environment in the vicinity of uranium 
mining and milling areas. The tailings area remaining after the 
mill has ceased operation becomes a long-term source of 
environmental radioactive contamination due tn wind or water 
erosion and mainly to radon emanation. 

Radon gas, with a radioactive half-life of 3.8 days, 
emanates from the ore tailings as a radioactive decay product of 
radium-226 (Ra-226, 1600 years), which is generated by the decay 
of thorium-230 CTh-230), with 8.104 years of half-life. Emanation 
from the tailings arises primarily from radon produced in the 
surface layer, and up to about 20 % diffuses out of the 
crystallized structure of the mineral (1). The Rn-222 ~manation 
rate depends on many characteristics, including parents content 
in the tailings, ore particle size, moisture content, porosity 
and mineral species (2). Besides it, the gaseous diffusion may be 
influenced by meteorological factors such as atmospheric 
pressure, temperature and humidity. 

Since 1983, a fleld team from the Environmental 
Radioactivity Section of CNEA, comprising the authors of this 
report, has carried 011t measurements of the emanation rates of 
Rn--222 from uranium mining and milling tailings located at 
different regions in A1·gentina, with the aim of estimating the 
resulting radiological impact. 

RADON EMANATION RATE MEASUREMENTS 

The Rn-222 emanation measurements were made by using the 
technique develloped by R.J. Countess (3). In this method, 
cilindric canisters containing activated charcoal are positioned 
on the tailing surface for a known period, to collect radon 
released from it. After collection, the canisters are stored for 
at least three hours to allow Bi-214 1 a gamma-ray emitting 
daughter, to grow towards equilibrium with the parent radon. 
The Bi-214 activity is counted through the 609 keV gamma emission 
because of its clear separation from other emission lines and the 
low backgro11nd in such spectral area. The counting is carried out 
inside a lead-brick shield, with a 4 5-in. Nai crystal detector 
coupled to a multichannel pulse-height analyzer. 
Rn-222 emanation rate is estimated taking into account the 
measured Bi-214 activity corrected for decay during the storage 
p0riod, the 
Assuming a 
reported by 
B~.m-a.s- 1 

statistical 

sampling time and the exposed surface. 
charcoal adsorption efficiency similar to that 

other authors, <4,5), a lower detection limit of 0.15 
is obtained for the expe~imental conditions, with a 
error of 10%. 
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RADIUM-226 CONTENT OF TAILINGS 

·11,c'~ r·<.'ldi.• . .J.rn c:ontE~nt. of the ster·ile:; material beneath each site 
r 1 ••m0nation measurement was determined. Samples were taken from 
•. 1.f"1Cii-:·-·r· i::.hP r .. ·adon c:<::;llec:t:.ors J.c)c:ated at each site, clr-ied to 
,:,:,·I.F•!,ni.rH?~ t!· .. ,E, moi.;;;tt.we content, homoqenized and packed in small 
pla~t1c bottles, sealed, and stored for allowing them to reach 
rad~oactive equilibrium. Afterwards, the samples were placed into 
0 Ge(Li) spectrometer for analysis. Ra-226 content was estimated 
by usinq the data from Pb-214 and Bi-214 peaks in the resulting 
1] •.:·~.fnil'IC•. sp E!C t. !"'~ ,_~ .. 

DOSE ASSESSMENTS 

The uranium mininq and milling sites are usually located at 
low population density areas. This is the case for all the 
reported areas but one, Malarque, which is a millinq installation 
situated near from the homonymous city (about 500 m). 
The individual and collective dose commitments from radon 
releases were estimated using the methodology presented by 
IJNSCEAR Ill. For the annual effective dose equivalent assessments 
to the most exposed members of the public, the model used assumes 
an atmospheric dilution factor of 5.10-6 s m-3 at 500 m from the 
sources, where the critical groups are supposed to live. 
The collective effective dose equivalent commitments from these 
tailings were estimated by using a simplified model, takinq into 
account the natural radon emanation from soil and the 
corresponding radon concentration in air. These collective doses 
w~re calculated over the mean life of Th-230 <1.1 10~ y). 

RESULTS 

Measurements of radon emanation rate and radium content were 
made at four sites in Argentine uranium mining and milling areas. 
For each site, the corresponding distributions of Rn-222 
emanation rates are shewn in Figs. 1 to 4. 
In Table 1, the Ra-226 concentrations are compared to the 
corresponding Rn-222 emanation rates. 

TABLE 1. Rn-222 emanation rates 

SITE I 1'1POUNDMENT Rn--::~22 EMANATION Ra-226 CDNC. RATIO 
AnEA n··,a) RATE <Bq/m2 s) <Bq/g) 

S. R;,:~f<H?l 5 .. 0 7.7 8. 1 0.95 
M.::\l. <:<i' .. <;J u <;:! 3.0 5.8 8. 1 0.71 
Salta 7.5 20.6 9.4 2 .. 19 
Chubut:. 7.0 2.7 4.9 0.56 

The calculated doses to most exposed members of the public, 
expressed as annual effective dose equivalents, and the 
collective effective dose equivalent commitment for each site are 
listed in Table 2. 
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TABLE 2. Individual and collective dose commitments 

SITE 

S. Raf.::1el 
Mal al~gue 
Sal t.:1 
Chubut 

Hn-222 REL.EA~>E 

TBq/ <;>. 

12.0 
t::• a:::...Jn ,_, 

49.0 
6.0 

INDIV.DOSE 
uSv/a 

COLL. DOSE <NORMALIZED) 

10!::1.0 
49.6 

4-41.. 2 
54.0 

man Sv 

B. 6E+:•; 
4. OE+:3 
3.5E+4 
4.3E+3 

CONCLUDING REMARKS 

man Sv/GWCel.a 

3. OE+::-; 
7.0E+2 
1. OE+4 
::-.;. 6E -~~~; 

The calculated specific radon emanation rate, the ratio of 
the radon emanation rate to Ra-226 concentration, varied from 
site to site, ranging from 0.56 to 2.19 Bq m-~ s- 1 per Bq g-~ 
<Table 1). These values are compatible with those published by 
UNSCEAR, having into account that the values depend on 
meteorological conditions, such as wind speed, atmospheric 
stability and rainfall Cll. Other factors that may affect this 
ratio are the spacial distribution of radium, and radon transport 
parameters, particularly moisture (5). 
The above expressed explains the difference observed in the 
specific radon emanation rates for San Rafael and Malargue 
tailings where both radium concentrations are similar. 
In the case of Salta, where the ratio is the highest, 
geographical and meteorological factors contribute to increase 
the radon emanation rate. 

The estimated doses are in agreement with UNSCEAR reports. 
The individual doses to critical groups represent only a few 
percent of overexposure to natural radiation. 
Collective dose commitments are extremely uncertain and highly 
speculative because of the assumptions of the duration of the 
constant release and of the fixed population density and habits. 
Furthermore, present day tailings managements may lead to radon 
emanation rates lower than the ambient levels for soils in the 
mill vicinity,so that almost no long term dose commitment arises. 
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INTRODUCTION 

IONS, ELECTRIC FIELDS AND RADON DAUGHTERS 
EFFECTS OF FILTRATION AND ELECTROSTATIC PLATEOUT 

NIELS JONASSEN 
TECHNICAL UNIVERSITY OF DENMARK 

Over the last decade several procedures have been suggested for reducing the exposure of 
the public to radon and more specifically to its short-lived daughter products. 
Most of these procedures are aimed at lowering the radon level either by reducing the 
radon entry or by diluting the radon-rich indoor air with radon-free or radon-poor out
door air. 
A direct removal, by mechanical or chemical methods, of radon from the air, is so far 
not practical, although theoretically possible. 
The radon daughters, on the other hand, being non-gaseous molecular clusters or part
icle-attached atoms, can be affected by such procedures as filtration and electrostatic 
plateout. 

FILTRATION 
The effect of filtration on airborne radon daughters has been described in several re
ports (1,2,3) 
Normally the change in the absolute exposure rate, as expressed by the potential alpha 
energy concentration (PAEC), or, since the radon level may exhibit uncontrollable varia
tions, the change in the normalized exposure rate, as expressed by the equilibrium 
factor, is used as a measure of the efficiency of the filtration process (4). 
Such a procedure, however, does not take into account that the filtration process in 
itself by its very nature of removing particles from the air may change the partitioning 
between attached and unattached daughter products and thereby, even for constant PAEC, 
may change the radiological dose, which the exposure to the radon daughter bearing 
atmosphere will cause to the respiratory tract. 
The relevant dose can be calculated from the individual daughter concentrations and 
their unattached fractions, using the James-Birchall-(5), the Harley-Pasternack-(6,7) or 
the Jacobi-Eisfeld-models (8) chosing a given age or activity group. 
The common method today, however, is to calculate the doses from the PAEC of the at
tached and the unattached daughters respectively (9). 

IONIZATION AND ELECTROSTATIC PLATEOUT 
It has long been known (10,11) that airborne radon daughters to some degree are charged, 
and a suitable electric field in a room may thus remove radon daughters from the air, 
more or less in the same way as a filtering device. 
The effect of electric fields on the concentration of airborne radon daughters depends 
primarily upon the field strength at the boundary of the room and the fraction and 
mobility distribution of the charged daughter products. 
An electric field in a room is usually established between a fairly small electrode in 
the interior of the room with the walls as the grounded counter electrode. If the 
electrode is kept at a voltage V and the distance from the electrode to the walls is d, 
the mean field strength, ~· in the room is ~ = V/d. 
In practice, however, the voltage drops off rapidly in the immediate vicinity of the 
electrode with the result that the air in the major part of the room is exposed to a 
field of much smaller strength than that given by the mean value. 
If, on the other hand, the electrode emits ions by a corona discharge a space charge 
will be set up in the room modifying the field in such a way that the field strength in 
general decreases near the electrode and consequently increases in the rest of the room 
(12). 
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The effect of the ionization, however, is not limited to increase the field strength at 
the walls. Experimental results (13) suggest that the charged fraction of the radon 
daughters also increases, when the atmosphere is exposed to a unipolar space charge. 
The same results also demonstrate that the plateout efficiency of a positive space 
charge, i.e. a field directed towards the walls, is considerably higher than that of a 
negative space charge, indicating that a larger fraction of the radon daughters is 
originally (without the space charge) positively charged. 

EXPERIMENTAL RESULTS OF FILTRATION AND/OR ELECTROSTATIC PLATEOUT 
In order to examine the remedial potentials of filtration and electrostatic plateout or 
possibly a combination of the two processes the results of several series of experiments 
are reviewed in the following. 
The experiments were performed in a 150 m3 room with a radon concentration of about 
1000-1500 Bq/m 3

• With the filtration experiments various types of electro filters were 
operated in the room and with the ionization/electric field experiments four corona 
emitters, spaced approximately 1.5 m apart, were mounted about 0.5 m from the ceiling. 
The emitters were through a high ohmic resistor connected to a high voltage supply, and 
the voltage drop across the resistor measured by a floating static voltmeter to give the 
corona current. 
The following parameters were measured: radon concentration, by grab sampling and count
ing in scintillation cells, individual daughter activities and unattached fractions, by 
alpha spectroscopy of membrane filters and wire screens, aerosol concentration and AMD, 
by condensation nucleus counter and diffusion boxes, and corona current as described 
above. With the ionization experiments also plateout activities on grounded discs were 
measured (13). These results will not be dealt with here. 
During the measurements an aerosol concentration of about 5·1010 m- 3 with an AMD of 
about 0.1 ~m was maintained in the room. 
In Figures 1 and 2 some of the results of the filtration and ionization/electrostatic 
plateout experiments, respectively, are shown. On the right hand side the equilibrium 
factor Ft, for the total daughter population, as well as the equilibrium factor Fu, for 
the unattached daughters, are plotted. On the left hand side the normalized mean bron
chial doses from the total daughter population and from the unattached daughters are 
shown, calculated in two ways. The lower curves are derived from individual daughter 
relative activities and their unattached fractions, using the three dose models and 
averaging over six age and activity groups (4). The upper curves are calculated from the 
equilibrium factors (normalized PAEC) Ft and Fu. These doses correspond most closely to 
those calculated from the individual daughter relative activities by the use of the Ja
mes-Birchall- and the Harley-Pasternack-models for adults with high breathing rates (9). 
It should be mentioned that the filtration rates plotted in Figure 1 are nominal factory 
settings of the filtration device. 
With the experiments plotted in Figure 2 positive emitter voltages were used. 
In Figure 3 finally a compilation of results of the effect on equilibrium factors and 
doses (total and unattached) of various filtration and/or ionization treatments is 
shown. 

DISCUSSION OF THE RESULTS 
It appears from the results shown in Figures 1, 2, and 3 that the effect of filtration 
and/or ionization assisted electrostatic plateout on the PAEC (as expressed by the 
equilibrium factors) and the bronchial doses is much more pronounced for the attached 
daughters than for the unattached ones. 
As an example we see with the electrostatic plateout experiments, Figure 2, that the 
unattached equilibrium factor, Fu, stays almost constant about 0.03, while the total 
equilibrium factor, Ft, decreases from about 0.42 at an emitter voltage of 0 to ap
proximately 0.07 at an emitter voltage of 30 kV. It also appears that simultaneously the 
total dose has decreased to about half of its original value, while the dose from the 
unattached daughters has only decreased slightly. At an emitter voltage of 30 kV about 
87 % of the remaining dose is due to the unattached daughters. 
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Figure 1. Equilibrium factor and normal
ized mean bronchial dose as a function 

of the filtration rate 

Figure 2. Equilibrium factor and normal
ized mean bronchial dose as a function 

of the emitter voltage (13) 
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5: 4 EMITTERS AT +25 kV AND FILTRATION 
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Figure 3. Equilibrium ractor and normalized mean bronchial dose for various co~binations 
of filtration and/or ionization. 

Ft: equilibrium factor of attached+ unattached radon daughters. 
Fu: equilibrium factor of unattached radon daughters 
Dpt: dose calculated from normalized total potential alpha energy concentration 
Dpu: dose calculated from normalized unattached potential alpha energy concentration 
Ddt: dose calculated from total individual radon daughter activities 
Ddu: dose calculated from individual unattached radon daughter activities 

CONCLUSION 
It has been demonstrated that it is possible by the use of filtration and/or electrosta
tic plateout to lower both the PAEC and the bronchial dose from airborne radon daugh
ters. It appears that only the activity of the attached daughters are affected to any 
significant degree by the air treatment. This does not necessarily mean that unattached 
daughters are not being removed, but rather that the removal process itself, by removing 
aerosol particles from the air, causes more daughter products to stay unattached and 
thus compensates for the anattached removal. 
By the experiments described the maximum reduction in PAEC was 78 % for filtration, 87 % 
for electrostatic plateout and 94 % for a combination of both processes. The correspond
ing reductions in doses were 48 % for filtration, 50 % for electrostatic plateout and 74 
% for the combination. 
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It should be mentioned that the experiments were made under laboratory conditions, but 
that similar measurements under practical conditions seem to give similar results. 
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COMBINED EFFECT OF FILTRATION AND UNIPOLAR AIR IONIZATION 
ON RADON PROGENY 

J. Keskinen and J. Laaksonen 
Physics Laboratory, Tampere University of Technology 

P.O. Box 527, SF-33101 Tampere, Finland 

and 

M. Lehtimaki 
Occupational Safety Engineering Laboratory 

Technical Research Centre of Finland 

ABSTRACT 

Unipolar air ionization has been used indoors mainly because of the claimed bene
ficial health effects. The biological and physiological importance of air ions is not 
KonarAlly AC:.cCipi.Cid Bnd it. "'""'"• t.h"t. Bir luni~a.Uun hu only tnlnur, lf Any, dh·ad 
effects on human beings. Unipolar ionization has, however, a clear effect on aerosol 
particles and - as been found out in recent studies - on radon decay products. 
Because of the attachement ofradon daughters to aerosol particles the deposition of 
particles caused by the ionization results also in a decrease of the equilibrium fac
tor. Depending on the ionization polarity also the unattached (electrically charged} 
daughters are removed to a great extent. These effects can be reinforced by mixing 
the air with a fan. 

Air filtration has also been used to lower the radon progeny concentration. This 
reduces the attached fraction, which causes a decrease in the total equilibrium factor. 
As the amount of unattached daughters increases, the decrease in the dose 'is much 
smaller. Electrostatic precipitators commonly used for air filtration in dwellings 
can cause particle formation. This affects the radon progeny when no other particle 
sources are precent, because the free daughters are attached to these small particles. 

This study is concentrated on the combined effect of filtration and unipolar ioniza
tion on radon progeny. This combination has several advantages: 
-air cleaning minimizes the dirt accumulation on surfaces caused by ionization 
-the charged fraction of free progeny is removed by ionization 
-air mixing by filtration reinforces the effect of ionization. 

Measurements made in a laboratory test room show that the combined effect of 
ionization and filtering is larger than from either of them alone. The difference of 
electrostatic precipitator and mechanical filter is studied by using two cleaners with 
identical flow rates. The effect caused by the particle formation by electrostatic 
precipitator is observed in clean air. 
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ON THE MULTIPOINT RADON MONITORING SYSTEM IN THE MINE 

Ryuhei Kurosawa, Mitsunobu Tobe, Atsushi Saito 
Science and Engineering Research Laboratory, 

Waseda University, 17 Kikui-cho, Shinjuku-ku, Tokyo, Japan 

and 

Yozou Sugitsue, Yoshiaki Ninagawa, Hideo Noda 
Power Reactor and Nuclear Fuel Development Corporation 

Tokyo, Japan 

ABSTRACT 

The multipoint continuous radon monitoring system which is 
based on the two filter method has been developed to estimate the 
radon concentration at four points of working area in uranium mine 
of Japan. The system consists of the detecting device which is 
distributed to the four working or interesting places of the mine, 
double shielded coaxial cable, analysing device located at the 
ground surface of mine and control device. The detecting device 
is divided to the following parts : seven liter of cylindrical 
vessel including the removal filter and daughter collecting filter 
(millipore AA) placed at the downstream side of the vessel, 
diaphragm pump adjusted to the flow rate of 7.7 1/min., shielded 
alpha particle detecting unit including the silicon surface 
barrier detector which is located at the face of daughter 
collecting filter, booster amplifier, bias voltage supply and 
power supply. About 400 m in length of double shielded coaxial 
cables are provided to make the electrical connection between the 
output of booster amplifier to input of linear amplifier of 
analysing device. Input pulses for the analysing device are 
divided to the four groups by the mixer router which is provided 
in the lK multichannel pulse height analyser and are accumulated 
to each 256 channels group. The accumulated information is 
transferred to the memory of micro computer and then calculated 
for each 50 min. accumulating period. The conversion factor of 
the system is estimated as about 0.23 pCi/1 for 10 counts per 
50 min. collecting time of RaA channel. 
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RESPONSE OF CONTINUOUS WORKING LEVEL MONITORS TO 
TRANSIENT RADON CONCENTRATIONS 

Helen Leung and Colin R. Phillips 
Department of Chemical Engineering and Applied Chemistry 

University of Toronto, Toronto, Ontario M5S 1A4 

INTRODUCTION 

The mathematical model oP.veloped earlier for a continuous 
working level monitor (l) (Kawaji, M., Pai, H.L. and Phillips, 
C.R., Use of gross filter activities in a continuous working level 
monitor, Health Phys. 40(4), 543-548 (1981)), assumes constant 
radon activity during the in-growth time (age of the air). In any 
real case, however, the radon activity may be expected to fluctuate 
over that time. Conversion factors from gross counts to working 
level (HL) may therefore change over time. Two simple cases are 
investigated here, a step change in radon concentration and a sine 
wave fluctuation (frequency wand amplitude R). The two cases are 
examined in order to estimate the error in applying conversion fac
tors derived for a constant radon concentration and in order to 
determine the best gross count mode, a, B or a + B, for monitoring 
the working level of radon progeny. 

RESULTS 

Case I 

The radon progeny activities are described by the superposition 
of solutions at constant radon activities at two different time 
scales, s and s - a. The activities depend on the relative change 
in radon activity, R, and the time of occurrence of the step 
change, a. ( R varies from 0 to 1.) The a/WL, B/WL and (a + B) /WL 
ratios are dependent slightly on both R and a at the time when the 
step change ·takes place; but after the time s > a these ratios are 
independent of R and a and approach those calculated for the case 
of a constant radon source. The variation of the three ratios 
about the ratios derived from the constant radon source (l) at the 
time of the step is about 1% for a/WL, 3% for B/WL and 2% about 
(a+ B)/WL (R = 0 to l) (Table 1). 

Ratio 

a/WL 
S/WL 
(a+ B) /WL 

TABLE 1. Variation of Activity to WL Ratios 

Step Change 
(age of air = 5 min) 

~ 1% 
~ 3% 
~ 2% 

383 

Sine Wave (w, rad min-1) 
(age of air > 20 min) 

w = 0.1 w = l 

3% 2% 
8% 7% 
5% 5% 



Case II 

Radon progeny activities depend on two parameters, the ampli
tude, R, and the frequency of the sine wave function of the radon 
activity. The frequency, w, ranges from 0 to 10 min-1 and the 
amplitude from 0 to 1. When w or R is equal to zero, the activi
ties of the radon progeny correspond to activities from a constant 
radon source with mean activity :>.. 1c 1 , where C. is the atmospheric 
concentration of the ith member of the radon aecay chain in 
atoms/cm3~ :>... is the decay constant~ i = 1 for 222Rn (radon), 2 for 
21Bpo (RaA), 1 3 for 214pb (RaB), 4 for 214Bi (Rae). The time 
constant, T., for the decay and buildup process, is characterized 
by 1/:>... whieh is defined as the mean life of the ith member of the 
decay bhain. The radon progeny activities (218po, 214pb and 214Bi) 
are shown in Figs. 1, 2, and 3 respectively for R = 1. The radon 
progeny activities describe a stable sine wave function for the 
period T/27T > -r. which can be seen in the curves corresponding to w 
= 0.1 min- 1 in Pig. 1. The peak of the sine wave is greater than 1 
since the period T is long enough for each progeny to respond. In 
the case of T/27T <,.,which corresoonds tow= 1 min-1 in Fig. 1, 
and w = 0.1 min-1 in1 Figs. 2 and 3,~ the effect of the transient 
persists over many cycles but its amplitude is small. For T/27T << 
,., which corresponds to the curves <u= 10 min- 1 in Fig. 1, and w= 
1~ 10 min-1 in Figs. 2 and 3, the curves approach the growth of 
activity of each progeny accumulating with a constant radon source. 
At high frequency, there is insufficient time for each progeny to 
decay. The effect of amplitude R is small. When R approaches 
zero, the curves resemble those for a constant radon source. 

The ratios a./WL, B/WL and (a+ B) /WL are calculated for various 
values of in-growth time in Figs. 4, 5 and 6 respectively for R 
1. The ratios also exhibit behaviour with respect to w similar to 
that of the radon progeny activities. However there is a can
celling effect of radon progeny activities in both the numerator 
and the denominator of the ratios. For w = 10 min -1, the curves 
are close to those given by Kawaji, Pai and Phillips (1) for the 
case of constant radon activity. For an ingrowth time greater than 
about 20 minutes, the a./WL, B/WL and (a.+B)/WL ratios do not fluc
tuate significantly. Table l shows the variation of the three 
ratios about the constant ratios a./WL = 17160, B/WL = 26000, 
(a.+B)/WL = 43100 (1). 

The small variation of the a/WL ratio (less than 3%) with the 
sine wave fluctuation of radon activity makes the alpha monitoring 
mode the best .for a direct reading continuous WL monitor. Even for 
an in-growth time of less than 20 minutes, the a./WL ratio is within 
10% of the constant a./\oi)'L ratio of 17160. In the beta monitoring 
mode, the B/WL ratio varies by about 8% for ingrowth times greater 
than 20 minutes. 

The a./WL, B/WL an<'l (a.+B)/WL ratios are fairly insensitive to 
the amplitude, R. As R approaches zero, the three ratios approach 
the curves given for w = 10 min-1 in Figs. 4, 5 and 6. 
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CONCLUSIONS 

Count to Working Level ratios, or conversion factors, for a 
gross activity continuous WL monitor derived for the case of a 
constant radon gas concentration (1) can be applied to the 
situation in which the radon concentration undergoes a step change. 
When the radon gas concentration follows a sine wave fluctuation, 
the conversion factors a./WL, B/WL and (ex+ B) /WL depend on w. For a 
sine wave period T/2n > the mean life, Ti (= 1/\i), of the radon 
progeny i, the transient activity becomes insignificant after only 
a fraction of a cycle of the sine wave. For T/2rr < T., the tran
sient remains after many cycles but its magnitude is ~mall. For 
T << T., the three conversion factors approach values for a 
constaht radon activity. The activity/WL ratios are fairly insen
sitive to the amplitude of the radon activity sine wave, R. As R 
approaches zero, the ratios, as expected, approach the values given 
by a constant radon activity. Of the counting modes examined, 
gross alpha counting is the best for both the sine wave and the 
step change in the radon activity, based on the relative constancy 
of (~/WL over a long ingrowth time, assuming nearly equal counting 
efficiencies for 218po and 214po alpha particles. For an in-growth 
time greater than 20 min, the a./WL ratio varies by less than 3% 
from 17160 for both the sine wave and step change in the radon con
centration. 
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RADON HEASUREMENTS IN GREECE 

E. Georgiou, K. Ntalles, M. Molfetas, A. Athanassiadis and C. 
Proukakis. 
Dent. Med. Physics, Medical School, Goudi, Athens, Greece. 

INTRODUCTION 
The naturally occuring radioactive gas Radon-222 is formed 

by the decay of Radium-226, which is present at low activities in 
most soils (about 20-30 Bq/Kg), with the exception of uraniferous 
deposits, where the concentration is much higher (UNSCEAR 1984). 
Radon usually enters the atmosphere by diffusion out of the soil, 
but its inhalation may have a transport component attributed to 
falling atmosphere pressure, which might occur either outdoors or 
indoors. Indoors concentrations are higher than outdoors. The main 
source of radon in houses appears to be the soil. Quantitavely, 
radon is the most significant source of collective dose to the 
earth's population (UNSCEAR 1982). At the same time it is a con
trollable natural source, unlike other natural sources, as e.g. 
potassium-40 which is under homeostatic control in the human body 
and its isotopic composition is constant. 

For the above reasons, extensive surveys of radon concentra
tion in spas, mines, caves and most important, in dwellings, have 
been carried out in many countries (Wrixon et al 1984, Swedjemark 
and Mjokes 1984, Letourneau et al 1984, Schmier and Wicke 1985, 
Green et al 1985, HcAuley and McLaughlin 1985). A possible asso-· 
ciation between lung cancer and geological outcrop has been postu
lated (Fleischer 1986). In almost all the studies, a small percen
tage of dwellings were found to have a very high radon concentra
tion. 

Studies of radon concentration in greek spas (Danali et al 
1986), in a cave (Papastefanou et al 1986), in constituents of the 
greek cement (Maraziotis 1985), in building materials in Greece 
(Siotis and Wrixon 1984, Papastefanou et al 1984) and in greek 

mines (Georgiou et al 1986) have been published. Some preliminary 
studies of radon concentration in greek dwellings have been pub
lished (Papastefanou er al 1984, Proukakis et al 1987). 

MATERIALS AND ~-1ETHODS 

In order to get an idea of the problem in Greece we decided 
to carry out a national survey. Two different sites were selected: 
Athens, where domicile about 40% of the greek population and Doma
tia, a small village in northern Greece 600 Km from Athens, located 
in an area known to have soil with increased uranium concentration. 
Also, another series of measurements were carried out in ancient 
(5th century B.C.) and contemporary silver mines in Laurium, a 
town 50 Km south of Athens. It is from these mines that the ancient 
town of Athens was exploiting the silver. About 1000 ancient mi
ning shafts and tunnels have been preserved until now. Some of 
them were extended last century and used until 1963. 

Passive detectors measuring intergrated alpha sxposure from 
radon (Track etch, Terradex Co.) were used for our measurements. 
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In Laurium mines, 30 spots were selected, comparable in terms of 
depth and geological setting, divided in 3 groups (ancient, 
contemporary sites and modern tunnels pathed along ancient ones). 
Ventilation data for these spots were available. In Athens, modern 
apartments of the same economical and social level have been 
chosen. The detectors were installed in first floor apartments of 
building blocks most of which have been built in the seventies. We 
have chosen first floor apartments because the propability to find 
increased radon concentration was greater there than in higher 
levels of the sa~e building, provided that the ventilation remains 
the same. So, the values that we measured ought to be the maximum 
for the given building under identical ventilation conditions. In 
Domatia, the houses are built in a traditional way, that is from 
local stones. In all houses, the detectors were installed in 
bedrooms, where people spend aproximately one third of their 
lifetine, for a period of six months (Spring ·· Summer - Autumn) . 
Durinq this hot period of the year, house's ventilation is high 
since people leave windows open. 

RESULTS 

Twelve of the dosimeters installed in Laurium have been lost 
(16% missing). The results of the measurements in the remaining 
are shown in Tables 1,2 and 3 for Laurium, Athens and Domatia res
pectively. ~ean values (±SE) expressed in Bqjm3 were: for Laurium 
2828.4 ± 799, for Athens 24.0 ± 3.5 and for Domatia 135.7 ± 26.2 
with ranqes 8 - 10095.2 Bq/m3, 3 - 136.2 Bqjm3 and 7.4 - 492.1 
Bajm3 respectively. 

Table 1 

Radon Concentration in Ancient and Contemporary 
Greek Silver Mines (Laurium, Attiki) 

s:rot Bq/m3 Spot Bq/m3 

1 780.6 10 7186.7 
2 222.6 11 8508.7 
3 6922.2 12 4342.2 
4 96.9 13 4927.1 
5 10095.2 14 305.1 
6 406.4 1 5 110.2 
7 342.9 16 238.1 
8 71 7.1 17 28.6 
9 5672.3 18 8.0 

DISCUSSION 

The large differences of radon concentration found arnong the 
different shafts in Laurium are probably due to differences in 
ventilation, as there is a strong negative correlation (r= -0.98) 
between air flow and radiation exposure of the dosimeters. It is 
concluded that in ancient tunnels, due to their ventilation net
work still ooerating after 2500 years radiation exposure is main
tained in comparable levels with that of contemporary mines. 
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Table 2 

Radon Concentration in Athenian Dwellings 

St)Ot Bq/M3 Snot Bq/m3 Spot Bq/m3 

1 33.3 20 18.5 39 9.3 
2 14.8 21 4.5 40 12.2 
3 11.1 22 16.3 41 9.6 
4 18.5 23 6.3 42 12.6 
5 88.8 24 3.0 43 15.9 
6 25.9 25 40.7 44 16.7 
7 55.5 26 8.1 45 69.9 
8 62.9 27 9.6 46 136.2 
9 70.3 28 11 . 1 47 82.6 

1 0 33.3 29 5.6 48 9.3 
11 44.4 30 7.4 49 30.0 
1 2 7.4 31 3.7 50 35.5 
13 18.5 32 5.5 51 7.4 
14 1 4. 8 33 12.6 52 6.6 
15 22.2 34 8.5 53 10.4 
16 7.4 35 17.4 54 9.3 
17 7.4 36 37.4 55 17.4 
18 48.1 37 4.8 
19 14.8 38 8.9 

Table 3 

Radon Concentration in Dwellings in 
the village Domatia (Macedonia) 

Spot Bq/m3 Spot Bq/m3 

1 88.8 10 7.4 
2 492.1 11 162.8 
3 111 . 0 12 122.1 
4 37.0 13 1 22 .1 
5 31 8. 2 14 129 "5 
6 144.3 15 22.2 
7 85.1 16 66.6 
8 162.8 17 136.9 
9 48.1 18 185.0 

In all but one (No.46) cases from measurements held in 
Athens, radon levels were lower than those reported in other 
countries (Gessel 1983, Schmier and Wicke 1985), a finding par
tially explained from the high ventilation during the time of 
measurements. Our values were 3 fold higher than the annual ave·
rage of the nopulation - weighted radon concentration in outdoor 
air (UNSCEAR 1984). Our results are in agreement with those of 
Proukakis et al (1987). Papastefanou et al (1984), reported radon 
measurements performed by solid-state nuclear track detectors in 
15 dwellings made of bricks and concrete located in northern 
Greece and a mean concentration of 148 Bq/m3 with a range between 
104-381 Bqjm3 was reported. 

389 



As far as Domatia measurements are concerned, our results 
clearly indicate that thereisa large difference between Athens 
and Domatia and that in Domatia there are some dwellings exceeding 
the action level for remedial action of EPA (Hanson 1987) and of 
the Nordic countries (Nordic countries 1986). 

Our future plans include surveys of other areas in Greece 
and studies correlating the indoor radon concentration with the 
uranium concentration of the soil around the house. 
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ENVIRONMENTAL IMPACT OF URANIUM MINING IN THE 
VICINITY OF THE GRAND CANYON NATIONAL PARK 

John W. McKlveen 
Radiation Measurements Facility 

College of Engineering 
Arizona State University 

Tempe, Arizona 85287 

INTRODUCTION 

The area around the Grand Canyon is rich in uranium 
mineralization, with many of the deposits existing as unique 
breccia pipe formations located about 300 meters below the 
surface. The pipe deposits average 0.75% uranium, but 
concentrations in excess of 4% to 20% are not uncommon. 
Each deposit is capable of providing a 30 year supply of 
electricity to a city of one million people. Figure 1 is a 
diagram of the Colorado River watershed and identifies the 
important areas where uranium may be found. 

At present there are three active underground mines, 
another four breccia pipes in various stages of development, 
and thousands of registered claims. One of the mine sites 
is located on the south rim of the canyon, while the others 
are located on the north rim in the vicinity of Kanab Creek. 

The Grand Canyon National Park borders the Colorado 
River. Although no mining is currently allowed inside the 
Park boundaries, there is one abandoned uranium-copper mine 
located on the south rim near the headwaters of the normally 
dry Horn Creek wash. Erosion caused by wind and the Colorado 
River and its tributaries has exposed several breccia pipe 
deposits inside the canyon. 

There are numerous surface and near surface deposits of 
lower grade uranium along the Little Colorado River. They 
are not breccia pipe formations. 

The Colorado River is a major source of water for a 
variety of public uses. The water is used for irrigation in 
Arizona and southeastern California. The recently completed 
Central Arizona Project canal diverts a considerable amount 
of the water to the Phoenix metropolitan area. Finally, the 
river itself and Lake Mead, which is fed by the Colorado 
River, are both major recreational areas. 

In order to assess the impact from existing exposed 
deposits and the increased uranium mining of breccia pipe 
formations around the Park, a rigorous environmental 
assessment program is being conducted by the ASU Radiation 
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Measurements Facility. Assessments include routine sampling 
of air, water, and soil, and measurements of direct radia
tion and radon releases from the mine vents and ore piles. 
The monitoring will be used to quantify local changes in the 
natural radiation environment, to quantify any cumulative 
effects of radon releases from multiple mines, and to 
provide baseline measurements for use in the final decon
tamination and decommissioning of the mine site. Each mine 
has an individualized radiological assessment program which 
is reviewed and approved by the U.S. Forest Service or the 
U.S. Bureau of Land Management and other appropriate state 
and federal agencies. (Li 86) 

MEASUREMENT, FINDINGS AND CONCLUSION 

Monitoring stations which measure the background gamma 
radiation are established at a minimum of four locations 
around each mine site. Each station is about 500 meters 
from the center of the mine yard. Additional stations are 
located along the ore haulage routes. All information is 
being collected using identical detection methods and since 
the entire region has similar characteristics, any changes 
from existing background will be obvious. 

Data will be collected quarterly using a suite of 
radiation detectors. Panasonic UD-802 passive thermolumin
escent radiation dosimeters are placed at each site and 
measure the cumulative exposure. When dosimeters are 
exchanged, additional measurements are obtained using two 
Ludlum micro-R scintillometers. Annually, data is collected 
using a Reuter-Stokes RSS-111 Pressurized Ion Chamber. 
Background gamma radiation at all sites is on the order of 
75 to 110 mR/yr. 

During mine operation the radiation levels in the 
vicinity of the uranium ore stockpile will be on the order 
of 1 to 3 mR/hr. Levels decrease to background within a few 
hundred meters from the pile. It is anticipated that gamma 
radiation will remain unchanged at the monitoring stations 
during mine operation. 

Radon gas will diffuse from the ore piles and be 
exhausted from the mine vent. Terradex track etch detectors 
are placed at most environmental stations and continue to 
measure normal background radon concentrations. Background 
radon gas concentrations are on the order of 0.2 pCi/L in 
the environs surrounding the Grand Canyon. The radon cups 
are exchanged quarterly. MILDOS code calculations indicate 
that increases will be minimal at distances in excess of 
about 2 km from the mine vent and the uranium ore piles. 
(St 85) 
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The breccia deposits are located about 500 meters above 
the water table so the mines are very dry. Nevertheless, a 
well is drilled at each mine site and samples are collected 
to obtain baseline data and to monitor for changes in trace 
element concentrations which might be the result of mining 
operations. 

Average rainfall in the areas where the mines are 
located is generally less than about 38 em per year. The 
amount of rainfall is about the same in the summer and 
winter, while the spring and fall are relatively dry. 
Summer precipitation usually is the result of thunderstorms 
which form over the heated canyon walls almost every after
noon from early July until the end of August. Since the 
thunderstorms may produce local sheet-flooding, each mine 
site is surrounded by a berm which is designed to protect 
against a potential 500 year flood event. 

In order to assess the potential impact on the Colorado 
River from previous and present uranium mining activities 
and erosion from exposed deposits, routine radiological 
assays are performed on samples taken from the river and its 
tributaries as well as from several springs inside the 
canyon itself. Table I summarizes the significant results 
and reveals the definite increase in both uranium and Ra-226 
in the Colorado River downstream of the confluence with the 
Little Colorado River. The radioactivity in the Little 
Colorado River is from exposed deposits which are not 
breccia pipe formations and from abandoned uranium 
concentrators located along the river. There is no impact 
on the waters of the Colorado River from current mining 
operations. A complete discussion of the water survey is 
published elsewhere. (St 87) 

Li 86 

St 85 

St 87 

REFERENCES 

Lindquist, L.A., "Final Environmental Impact State
ment, Canyon Uranium Mine," U.S. Department of 
Agriculture, Forest Service, Kaibab National Forest, 
August 1986. 

Stewart, B.L.,"Air Quality Impact Analysis of the 
Canyon Project," 1985. 

Stewart, B.D., McKlveen, J.W., and Glinski, R.L., 
"Determination of Uranium and Radium Concentrations 
in Waters of the Grand Canyon by Alpha Spectro
metry," to be published in the Journal of Radio
analytical Chemistry, 1988. 

353 



Table I. Radionuclide Concentrations in the 
Colorado River and its Tributaries 

mBq/L (+-2sigma) 

Location Date U-238 U-235 U-234 Ra-226 

lkm upstream of 8/85 59 (15) 7 ( 4) 85 (22) 9 ( 5) 
Little Colorado 7/86 67 (13) 12 ( 5) 140 (20) 13 ( 2) 

Little Colorado 7/86 890 (10) 33 (14) 1150 (150) 366(15) 
(Cameron) 

Little Colorado 9/86 560 (70) 48 ( 15) 460 (60) 67 (4) 
at confluence 
with Colorado 

lkm downstream of 8/85 85 ( 2) 6 ( 4) 110 (20) 36(10) 
Little Colorado 9/86 96 (19) <4 130 (20) 63 ( 4) 

lOOkm downstream 8/85 74 ( 15) 2 ( 2) 96 ( 15) 35(10) 
of Little Colorado 

Kanab Creek 7/86 67 (15) 9 ( 6) 85 (22) 41 ( 6) 
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l.THE COMPUTER SYSTEM OF AUTOMATICAL MICROSCOPE ANALYSIS OF MINERS' INDIVIDUAL 
DOSIMETERS."' 

A.Zorawski, M.Hawrynski, D.Kluszczynski. 
Institute of Occupational Medicine,90-950 Lodz,B Teresy Str,P.O.Box 199,Poland 

The Institute of Occupational Medicine IIOMI carries on routine 
investigations on miners' individual exposure to radon and its alpha 
radioactive daughters in Polish mines [1). Evaluation of miners' exposure is 
based on automatic analysis of track detectors by computer SYSTEM RADON. The 
IDM used detectors of size 2x3 em cut from Kodak LT115 or LR115 dosimetry 
foil. The scheme of the system is presented in Fig.1 whereas Table 1 includes 
specification of its elements. 

' 
I 
I 

I 

r 
~ 

. 

. 

Fig.l. General scheme of SYSTEM RADON !abbreviations- see Table 11. 

Table 1. Specification of main elements of SYSTEM RADON. 

: Abbreviations used 
in Fig.l and text 

IA 

AS 

AF 

c 

ALC 

M 

p 

TVC 

Element 

Image Analyser 

Auto Stepping Stage 

Auto Focus 

APPLE lie computer 

Auto Light Control 

Producer 

Analytical Measuring 
Systems Ltd 

England 

Apple Computer Inc. USA : 

10M Poland 

: Nikon Labophot Microscope : Nippon Kogaku K.K. Japan : 

Epson FX100 Printer Epson Corporation Japan : 

TV Camera : Robert Bosch GMB Germany : 

*' Completed under project CPBR 11.5.65.2. 
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The detectors are subject to chemical etching [2) and next placed under 
the microscope M and viewed at magnification 20x through TVC. The image 
generated by TVC is analysed by IA with resolution of 280~384 piksels. The 
tracks on the detector's surface are counted by IA when the degree of 
'greyness' is higher than the 'greyness' corresponding to the determined by 
the user detection level and when the surface area is within the determined 
limit of areas. Control range of detection level ranges from 0 to 99, whereas 
the limit of areas may be changed within the range from 0 to 99999 piksels. 
The analysed image is projected on lAM monitor. The automatic detector's 
stepping under the microscoppe M objective is controlled by AS and the picture 
sharpness is corrected by AF. The precision of detector's framing under theM 
objective amounts to 0.1mm. During the analysis, the intensity of light 
passing through the analysed field is measured by ALC. Hence, an information 
on the detector's thickness is obtained which is next used, after completing 
the analysis, to calculate the miner's exposure on the basis of the tracks 
density. The operations of the system's elements: IA, AS, AF, ALC are 
controlled by the measuring program introduced into the computer C. The 
program has been created by the Institute of Occupational Medicine in two 
languages: UCSD Pascal 1.2 and Assembler 6502. During detector's analysis the 
data from IA such as: the number of tracks and light intensity for particular 
analysed fields are passed into the computer's C memory. These data are not 
accepted by C when summary tracks area exceeds the limit of areas determined 
by the user and when light intensity passing through analysed foil exceeds the 
predetermined limit of intensities. To eliminate the influence of artefacts 
being an effect of e.g. detector's mechanical abrasions of size comparable to 
the tracks size on the determination of tracks density, a statistical 
verification of the collected data is performed. This verification is being 
made after completing the detector's read out. Due to verification all the 
fields on which tracks density differs from the mean tracks density, 
calculated for all analysed fields, by a defined by user number of standard 
deviations, are rejected. After completing statistical verification, the 
miner's exposure to radon and its progeny is calculated. These results, 
together with the basic data on the analysis process that has been carried out 
are printed on the printer P. The measurement program allows also to obtain 
the distribution of tracks density according to their diameters and to test 
the correctness of setting the principal parameters of the detector's 
analysis, such as detection level and intensity of light falling on the 
detector. The analyser IA used in SYSTEM RADON cannot distinguish the shapes 
of the analysed tracks, however, the presented above way of read-out causes 
that this option is not necessary for automatic reading-out the track 
detectors. The relative error does not exceed 30/. , including the inherent 
error of the method (inaccuracy caused by the radon/daughters equilibrium), 
Duration of detector's analysis has been decrease in this system to 2 minutes. 
The results of the analyses are sent from computer C through IEEE 498 
interface to IBM PC/XT computer and collected in the data base on hard disk. 
This data base compries the data on all miners covered by the radiological 
protection system implemented in Poland. 
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2.HETHOD OF CALIBRATION & ANALYSIS OF TRACK DETECTORs.•> 

A. Zorawski, B. Czerski. 
Institute of Occupational Medicine,90-950 Lodz,8 Teresy Str,P.O.Box 199,Poland 

Determination of track detector's exposure to radon and its daughters has 
been based on the experimentally chosen calibration coefficient KRnoP 

correlating the measured surface density of tracks with the exposure to radon 
progeny. KHnvp coefficient is defined as follows: 

G - GT 
KRnDP : ---------- (1} 

ERnDP 

where: G is the measured surface track density of detector 
expressed as Ctracktmm- 2

], GT is the measured surface 
detector's background expressed as (tracktmm- 2 ] , ERnnP 

after exposure 
track density of 

is the exposure to 
radon progeny of detector expressed as (mJthlm- 3

], 

The surface track density G depends, for a given exposure ERnoP , on the 
state of equilibrium F [1] between radon and its daughters during the time of 
t~posur•, and also on the depth of detector's chemical etching after the 
exposure. The depth of detector's etching can be determined on the basis of 
the measurement of its thickness before and afer chemical etching. The system 
of automatical microscope analysis of track detectors enables to correlate the 
depth of detector's etching with the light intensity passing through the 
detector during the read-out of tracks, assuming that the intensity of light 
falling on the detector and the thickness of detectors before etching are 
constant. The former assumption is conditioned by the equipment used for the 
analysis of detectors, while the latter is true for dete~tors ~ut out of the 
detecting material produced in the same production cycle, e.g.: the material 
sold in rolls. It is also important here that the detecting material should be 
coloured by the producer since it determines the application of this method 
with regard to visible light. The red-coloured dosimetric foil LT115 produced 
by Kodak fulfills these conditions. It can be thus written for LT115 detectors 
that: 

Kkn[H• = f (F' J) (2) 

In order to find the apparent functional form of KRnoP coefficient, LT115 
detectors have been exposed to radon in the experimental chamber [2J at 
various states of equilibrium F. Five measurement series, 30 measurements 
each, have been made. Each series has been exposed at different equilibrium F, 
for 8 hours and at radon concentration of 150 kBq*m- 3

• Examinations have been 
made for F value in the range F=0.04-0.8. After the exposure detectors have 
been divided into 10 classes etched for various periods from 120 to 210 
minutes. Various depths of etching have been thus obtained, as well as 
various light intensities I during the read-out for particular detectors. NaOH 
solution at the concentration of 6N and temperature of 55ac has been used for 
the etching of the detector while the reading has been made by means of SYSTEM 
RADON described in the first part of the paper. The detector's background 
depends on the depth of etching, so GT=f(l). For LT115 track detectors that 
dependence is as follows: 

GT = 0.014511 - 0.884 Ctracktmm- 2 ] (3) 
This dependence was determined in the following procedure. The non-exposed 
detectors have been etched for various periods from 120 to 210 minutes and 
next the surface track density and light intensity was determined for these 
detectors. The linear regression has been applied for obtained data. 

•• Completed under project CPBR 11.5.65.2 
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KAnnP value was caltulat~d for ~ath d~tector according to dependence 11). 
The regression curves made from obtained data are shown in fig.!. 

l·<c_._·~,,...IF' 5~3 ,--,,,.~... 

45 

Fig.l. Diagram of the dependence of KAnoP coefficient in the function of light 
intensity I for various states of equilibrium F. 

On the basis of the computer analysis of experimental data the following 
dependence for KAnoP has been obtained: 

track*mm·· 2 

--------- J ( 4) 
mHh*m-• 

Exposure to radon daughter products, EAnnP is calculated from correlation 15) 
resulting from equations (1l,(2l,l3l. Thus: 

G - (0.0145*1 - 0.8841 
15) 

Exposure to radon ERn is correlated with exposure to radon daughters ERnoP by 
equilibrium coefficient F 

178*ERnDP 
F = ---------- (b) 

ERn 

where ERnuP is measured in mJ*h*m-~, while ERn in kBqthtm- 3 , Exposure to radon 
ERn can be calculated using correlation (b). 
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'l'HE IMPLICATIONS OF ICRU RECOMMENDED QUAN'fiTIES 
FOR INDIVIDUAL MONITORING 

Siegfried R. Wagner 
Physikalisch-Technische Bundesanstalt 

Bundesallee 100, D-3300 Braunschweig, Fed. Rep. of Germany 

THE NEW SITUATION 

In Report 39/l/, ICRU has recommended new quantities to be 
used in radiation protection measurements for exposures from 
external sources (cf also ref. /2/). These are 
- for environmental monitoring 

- of strongly penetrating radiat~on, 
the ambient dose equivalent, H (10), 

- of weakly penetrating radiation, 
the directional dose equivalent, H' (0.07), 

- for individual monitoring of exposure of the trunk of the body 
- to strongly penetrating radiation, 

the individual dose equivalent, penetrating, H (10), 
- to weakly penetrating radiation, p 

the individuQl equivalent superficial, H(0.07). 
Whereas the application of the quantities for environmental 
monitoring in the 30 em diameter ICRU sphere does not pose 
serious conceptual problems and their implementation will 
probably be only a matter of time, the quantities for individual 
monitoring are the subject of lively international discussion. 
The Problems arise because H (10) and H (0.07) are defined 
- at a specified position wi~hin the exposed individual, 
- in the ICRU standard soft tissue, and not in the tissue actu-

ally existing at the specified position in the individual. 
H (10) and H (0.07) therefore neither actually exist, nor are 
tRey measuraBle in the strict sense. However, besides these 
rather formal objections, there are other reasons for questio
ning the expedience of their choice. In P!fticular, there is no 
generally valid unique relation of H (10) or a dose equivalent 
actually existing at the specified p8sition of the individual to 
the quantities used in calibration, i. e. air kerma free-in-air 
(formerly exposure) for photon radiation and particle fluence 
for neutron radiation. The reason for this is that this relation 
depends on the geometrical peculiarities of the individual under 
consideration, the more so when strongly penetrating secondary 
radiations originating in the exposed person contribute substan
tially to the dose equivalent at the point of interest. Moreover, 
there will be no primary standards for dose equivalent in the 
forseeable future, i. e. for dose equivalent, irrespective of 
radiation type and quality. 

1) The following considerations will be restricted to H (10), 
as H (0.07) is less affected by variations in indivi8ual 
geom&try due to the short ranges of weakly penetrating 
radiation. 

400 



RETROSPECT 

Individual monitoring has been successfully performed for 
many decades. For photon radiation the procedure is as follows. 
Materials for dosemeter probes are selected to meet the require
ment that their response be proportional to the air kerma (or 
exposure) independent of incident photon energy, if possible 
over the whole range of energies of interest, at least within 
admitted uncertainties. Alternatively, the readings of several 
probes with different energy responses are skillfully combined 
in order to achieve an energy-independent performance (e.g. 
photographic film with different filters). The expediently 
designed monitor (or a selected representative specimen of a 
bunch) is then calibrated free-in-air in units of exposure (or 
air kerma), thereby obtaining the calibration factor N (the 
quotient of air kerma K or exposure X and reading M). a 

After exposure of the monitor on the individual's body, the 
observed reading M is multiplied by the calibration factor NK 
(or NX), thereby obtaining the air kerma (or exposure) at the
monitor's position on the body where it was exposed: 

K == N M a K or 

In order to obtain the individual's dose equivalent, K or X 
are multiplied by the conversion factor 1.15 Sv/Gy (fo~ air 
kerma) or 0.01 Sv/R (for exposure). This result is routinely 
recorded as "personal dose": 

H. = 1.15 K Sv/Gy or H. = 0.01 X Sv/R 
H. d isng good app~oximation of 0~he dose equivalent at or near 
tng surface of the exposed person and thereby in general, a safe 
estimate of the whole body dose or the effective dose equivalent, 
if the monitor's position at the body surface is representative 
of the person's radiation exposure. 

For neutron radiation the procedure is different as the in
dividual monitor is usually calibrated on a phantom approximating 
the trunk of the body (cf. ref. /3/), this requirement being a 
necessary consequence of the energy dependence of the dose 
equivalent response of most monitors, the varying Q factor being 
the chief reason. 

THE NEW S I'rUA'I' ION 

What then, is changed in practical procedures with the im
plementation of the new ICRU recommended quantity for individual 
monitoring, H (10), for strongly penetrating radiation? Most 
important, thgre is now a uniform unique quantity for all kinds 
of strongly penetrating radiation by its definition in the ICRU 
sphere as an approximation of the human trunk. ICRU /1/ states, 

"The calibration of dosemeters is done under simplified 
conventional conditions at the depth d in an appropriate 
phantom. For dosemeters worn on the trunk a suitable 
phantom is the ICRU sphere." 
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From this statement, it can be conclusively inferred that the 
calibration is to be done in terms of the directional dose 
equivalent H'(lO) defined at 10 mm depth in the ICRU sphere. 
This, then, is a prescription for the monitor's spectral and 
angular response. It should be made clear, however, that this 
requirement does not necessarily call for the calibration to be 
performed on the prescribed phantom. For photon radiation, the 
dose equivalent is numerically equal to the tissue-absorbed 
dose. A monitor's probe which is designed in such a way that its 
reading is proportional to tissue kerma at its location may 
therefore be calibrated by any procedure securing this. When the 
probe then, is embodied in an individual monitor simulating the 
geometric conditions of the H' (10) definition, it will sense the 
radiation field actually existing at its position and give the 
correct reading in terms of tissue kerma, which under the pre
vailing conditions is numerically equal to H' (10). 

More frequently, however, the complete monitor (probe with 
casing) is calibrated, and especially in the case of neutron 
exposures, it is neither expedient nor even possible to design 
the probe's response to be proportional to the dose equivalent 
at its position, irrespective of the energy of the incident 
radiation. Instead, the probe's response is skillfully shaped 
to meet the required response over at least a limited range 
of energies when sensing the radiation field at the surface of 
the wearer's body, as for example with albedo monitors: then, of 
course, calibration on a phantom in terms of H' (10) is necessary. 
When using for the sake of convenience a phantom other than the 
ICRU sphere, any noticeable deviation from the required H'(lO) 
response introduced thereby should be corrected. 

Conversion factors relating H' (10) to the calibration quan
tities air kerma K or exposure X and neutron fluence as a 
function of incideftt energy and direction can be found in the 
literature /4,5,6/. 

EXPERIENCE WI'rH EXIS'fiNG MONITORS 

Tests with existing individual monitors for photon radiation 
demonstrate that the required spectral and angular responses can 
be met to a sufficient approximation. However, up to the present 
there has been no generally required and clearly defined quantity 
for individual monitoring, still less for its dependence on the 
direction of radiation incidence, except that resulting auto
matically and involuntarily when the monitor is exposed on the 
surface of the wearer's body. 

hs the accuracy requirements for individual monitoring are 
not very stringent (cf. /8/), there appears to be no serious 
obstacle to accepting the recommended H' (10) response for indi
vidual monitors, the required angular response to be verified 
for the front hemisphere at the most, gr more realistically, to 
a cone with an angle of aperture of 60 (or less) around the 
direction of perpendicular frontal incidence onto the surface 
of the sphere. 
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EVALUATION OF MONITORS IN PRACTICE 

As pointed out at the beginning, the ICRU recommended 
individual dose equivalent H (10) neither actually exists nor 
is it directly measurable orplimited by any regulation. Why then 
strive for its determination? It would be better to retain the 
well established and approved procedure of taking the product of 
the reading of a properly designed monitor and its calibration 
factor as the "individual dose equivalent for recording". The 
only material difference to the traditional procedure is the 
substitu.tion of the multiplicity of reference quantities (air 
kerma or exposure for photons, tissue absorbed dose for beta 
radiation, maximum dose equivalent for neutrons) by a single 
one, namely the directional dose equivalent H'(lO), (or H'(0.07) 
for weakly penetrating radiation). But we should not fail to 
acknowledge that this is important progress. 

There is really no danger in following the procedure advo
cated here and omitting the explicit determination of H (10), 
especially as doses in particular organs and tissues orPthe 
effective dose equivalent are the quantities to be determined 
or estimated in those cases where stated investigation levels 
of the "individual dose equivalent for recording" are exceeded. 
The proposed agreement would be a clarification and recognition 
of well-established procedures. 
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Directorate V/E/1; L-2920 Luxembourg 

2 Physikalisch-Technische Bundesanstalt, D-3300 Braunschweig, 
Federal Republic of Germany 

3 Commissariat a l'Energie Atomique, CEA-CEN, BP No. 6, 
F-92260 Fontenay-aux-Roses, France 

4 Ris¢ National Laboratory, DK-4000 Roskilde, Denmark 
5 National Radiological Protection Board, Chilton, Didcot, 

Oxon OXll ORQ, United Kingdom 
6 ENEA, PAS/FIBI/DOSI, via Mazzini, I-40138 Bologna, Italy 

INTRODUCTION 

The expanding use of radioactive sources in industry, medi
cine and research has led to a growth in the number of persons 
exposed to beta radiation and has highlighted the need to assess 
beta doses accurately. The difficulties experienced in the after
math of the Three Mile Island accident owing to the inadequacies 
of beta dosimetry, had prompted a fresh look at the state of beta 
dosimetry within the European Community. 

For over 20 years, the Commission of the European Communi
ties (CEC), in collaboration with competent laboratories in the 
member states, has been conducting intercomparisons of individual 
dosemeters with the objective of improving technique for monitor
ing ionizing radiation and establishing a common basis for dose 
assessment within the Community. These programmes not only serve 
the participants with an opportunity to validate their calibra
tion and measuring procedures but also help to create a forum in 
which to exchange information and discuss experience with other 
participants. The performance and results of such an intercompar
ison exercise conducted in 1986 are reported here. 

Five European laboratories (Numbers 2 to 6 of author affili
ations) performed the irradiations of the dosemeters *). Thir
ty-two laboratories, mainly drawn from the member states, took 
part in the exercise with 47 dosimetry systems, 31 were equipped 
with thermoluminescent detectors, 14 with films, 1 with a combi
nation of a thermoluminescent detector and a film, and 1 with 
exoelectron emission detectors. The dosemeters were irradiated at 
different orientations with respect to the radiation field with 
beta rays from 90sr j90y, 238u, 204Tl and 14 7pm sources 
and with gamma rays from a 137cs source. Neither the radiation 
quality nor the dose (nominally 5 mSv) was disclosed to the par
ticipants. 

*) Under contract of CEC 
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Figure 1: Conversion coefficient 
as a function of the angle of 
incidence for beta sources used 
during the intercomparison pro
gramme (four types of 90srj90 
sources, one I47pm and 204Tl 
source type). The conversion co
efficient is defined as the dose 
equivalent at a depth of 0.07 mm 
from the surface of a semi-infi
nite slab of tissue-equivalent 
rnateri n l for a particular angle 
of incidence divided by the ab
sorbed dose to tissue at the sur
face of a semi-infinite slab of 
tissue-equivalent material for an 
angle of incidence of oo· The 
angle of incidence is defined as 
zero if the axis of the beta par
ticle field is perpendicular to 
the slab. 

QUANTITIES AND IRRADIATION PROCEDURES 

The quantity Hs(0.07) recommended by the ICRu(l) was cho
sen as the operational quantity. In the absence of a universally 
accepted calibration quantity or irradiation procedure it was 
decided to expose the dosemeters to photon radiation positioned 
on a spherical perspex phantom of 30 em diameter and to convert 
air kerma free in air measured at the location of interest, to 
H' (0.07) by using coefficients derived for this purpose(2). 

For beta radiation, however, it was judged that the use of a 
spherical phantom was not necessary because of the limited ranges 
of beta particles in dense media, or practicable because of the 
difficulty of achieving the expanded field condition over such a 
large phantom at the short distances at which these irradiations 
are carried out. Instead, the following phantoms were considered 
appropriate: a perspex slab of 20 em sides and 1 em thick for 
calibrating planar dosemeters and a perspex rod 20 em long and 
with appropriate diameter for calibrating finger dosemeters. The 
calibration quantity in these cases is defined as the dose equiv
alent at a depth of 0. 07 mm from the surface of semi-infinite 
slab of tissue-equivalent material. It became necessary to deter
mine this calibration quantity for all the beta sources by addi
tional measurements using extrapolation chambers. The conversion 
coefficients obtained from these measurements (figure l) allowed 
the dose equivalent for various angles of incidence to be calcu
lated from the absorbed dose to tissue at the surface of a semi
infinite slab of tissue-equivalent material for an angle of inci
dence of 0° which is given in calibration certificates(3). 

RESULTS 

For every dosimetry system the results were shown in a dia
gram so that the overall performance, as well as the energy and 
angular dependence of the response, could be seen. The method of 
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Figure 2: Two examples of results obtained for thermolumines
cence dosimetry systems during the intercomparison programme. 
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presentation is illustrated in figure 2. The left-hand side of 
the top row contains the number and type of the dosimetry system. 
The result was calculated as a quotient of dose assessed by the 
participant by the dose to which the dosemeter was exposed by the 
irradiating laboratory (taken as conventional true value). For 
each dosemeter, the value of the quotient falling between 0 and 2 
(first column) is represented by a horizontal bar under the ap
propriate radiation quality (second row) and the angle of inci
dence (third row). The area between this bar and the line repre
senting quotient value equal to unity is shaded providing a visu
al indication as to whether the assessment by the dosimetry sys
tem is an overestimate or an underestimnte. The letter "Y" in the 
second row indicates the use for irradiation of a 90srj90y 
source with a relatively thick encapsulation whereas "Sr" indi
cates that of a source with thinner encapsulation, but of the 
same nuclide. On the right-hand side of the first row, mean val
ues of the quotient for all the beta irradiations (mB) and that 
for all the 137cs irradiations (mcs> together with corre
sponding coefficients of variation, vB and vcs, are given. 

The results of the dosimetry systems show substantial var
iability. System No. 15 showed the best overall performance for 
beta radiation (mB = l. 03: VB 10 %) • 35 of the 4 7 systems 
were unable to measure the low penetrating beta radiation from 
147pm. Only 2 TLD systems using thin or effectively thin detec
tors were capable of assessing all doses of this intercomparison 
within + 40 %. A considerable number of systems showed signifi
cant orientation dependence of response even for beta rays of 
higher energies (from 204Tl and 90sr j90y sources) . There
fore, even if the results obtained for the 147pm irradiations 
are excluded, for only 4 systems (3 TLD, 1 film) all the results 
lay within + 40 %. This number of systems increases to 16 (9 TLD, 
7 film) if To % outliers are regarded as being admissible. 

A number of participants seemed to have problems when cali
brating (at normal incidence) their dosemeters with 137cs gamma 
radiation and with 90srj90y beta radiation. The mcs values 
ranged from 0. 58 to 1. 42, the corresponding values for 
90srj90y sources from 0.45 to 1.70. These ranges of values 
are not considered to be satisfactory. It is noted that some par
ticipants had problems with outliers, this being a strong argu
ment for improving quality assurance. 

More details of the intercomparison can be found else
where(4). Participants found it a very useful exercise in im
proving the practice of radiation protection and felt that the 
intercomparison programme should continue. It was felt that there 
was a need for meetings on the topic of practical beta dosimetry, 
perhaps to be held on a regular basis. 

REFERENCES 
(1) ICRU Report 39 (1985) 
(2) B. GroBwendt et al., Report PTB-Dos-11 (1985). 
(3) J. Bohm, Proc.Int. Beta Dosimetry Symp. Washington 73 (1983). 
(4) CEC, Proc.5th Information Seminar Rad. Prot. Dosemeter Inter-

comparison Programme - Beta Dosimetry, Bologna 25-27 May 1987 
(in preparation). 
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The U.S. Department of Energy (DOE) Office of Nuclear Safety 
has developed and initiated the DOE Laboratory Accreditation 
Program (DOELAP) for personnel dosimetry systems to assure and 
improve the quality of personnel dosimetry at DOE and DOE 
contractor facilities. It consists of a performance evaluation 
program that measures current performance and an applied research 
program that evaluates and recommends additional or improved test 
and performance criteria. It also provides guidance to DOE, 
identifying areas where technological improvements are needed. 

The two performance evaluation elements in the accreditation 
process are performance testing and onsite assessment by technical 
experts. Performance testing evaluates the participant's ability 
to accurately and reproducibly measure dose equivalent. Tests are 
conducted in accident level categories for low- and high-energy 
photons as well as protection level categories for low- and 
high-energy photons, beta particles, neutrons and mixtures of 
these. The choice of categories depends on the unique radiation 
protection needs at the participant's facility. Low-energy photon 
sources include 4 different X-ray bremsstrahlung spectra and 2 
nearly-monoenergetic K-fluorescence X-ray spectra. A Cs-137 source 
is used for high-energy photons. Beta sources include Tl-204, 
Sr-90/Y-90 and a uranium slab. The neutron sources are bare and 
D20-moderated Cf-252. The performance test for each category 
requires the participant to evaluate and report the dose equivalent 
for 15 dosimeters irradiated at the performance testing laboratory. 
They are irradiated in 3 groups of 5 dosimeters over a period of 
about 4 months. The participant generally does not know what 
category a particular dosimeter belongs to. 

The DOELAP performance test criteria are described in the 
Department of Ener~y Standard for Performance Testing of Personnel 
Dosimetry Systems DOE/EH-0027;-l986). This DOE Standard is based 
on the American National Standards Institute's Criteria for Testing 
Personnel Dosimetry Performance, ANSI N13.11-1983, but it has been 
written with the additional dosimetry needs of DOE facilities in 
mind. These include multipurpose national laboratories, 
high-energy accelerators and facilities that process special 
nuclear materials. Additional beta, X-ray, and neutron sources and 
additional test categories have been added to better relate test 
and field conditions. The DOELAP performance criteria are similar 
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to those specified in ANSI N13.11 but they are generally more 
stringent. 

After a participant successfully completes performance testing 
in the appropriate categories, an onsite assessment of the 
dosimetry system is conducted. Two assessors are assigned to visit 
the facility. They evaluate the dosimetry program to insure that 
it includes a quality assurance program; up-to-date documentation 
describing significant procedures and practices; a program for 
training and retraining staff members; adequate equipment and 
facilities; and appropriate procedures to insure the proper use, 
calibration and maintenance of that equipment. This process is 
described in the Handbook for the Department of Energy Laboratory 
Accreditation Program for ?ersonnel Dosimetry-systems (DOE/EH-0026, 
1986). At the end of the onsite visit, the assessors discuss 
program deficiencies with appropriate members of management. 
Accreditation can be granted for a period of 2 years after the 
deficiences are corrected. 

A pilot DOELAP performance test session was conducted in 1985 
and a report was published in 1986 (DOE/ID-12104). Six DOE 
facilities voluntarily participated. The results of this pilot 
study were used to finalize the performance test criteria and 
procedures. By the fall of 1987, four additional voluntary test 
sessions were completed. A total of 19 dosimetry systems were 
tested at least once (separate neutron and beta/photon dosimeters 
are listed as one system), and 7 passed the performance tests in 
all categories they required. Principal reasons for failure 
included incorrect calibration methods, inadequate dose calculation 
algorithms, inherent limitations in the dosimeter, lack of 
preparation and clerical errors. The performance test results for 
Sessions 1-5 are summarized in Table 1. 

Table 1. DOELAP Performance Test Results Through Session 5 

Category 

I. Low-Energy Photons, High Dose 
II. High-Energy Photons, High Dose 

III. Low-Energy Photons 
IV. High-Energy Photons 
V. Beta Particles 

VI. Neutrons 
VII. Mixtures 

III + IV 
III + V 

IV + V 
III + V 

IV + VI 
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% Passed 

57 
82 
26 
80 
62 
54 

85 
22 
74 
78 
85 



Clearly most dosimetry systems can pass the categories 
involving high-energy photons. The most difficult categories have 
been the the low-energy photon and low-energy photon + beta mixture 
categories. Many dosimetry systems have difficulties in accurately 
measuring low-energy photons. Energy dependence problems can be 
very significant over this range of photon energies. These tests 
are designed to identify such a problem by changing the X-ray 
spectrum for each group of 5 dosimeters. This is a more 
satisfactory approach than selecting only one spectrum. 

To date, about one-half of the DOE dosimetry programs have 
participated in the voluntary DOELAP performance tests. As a 
result, many are making improvements that should enable them to 
successfully complete the performance testing when DOELAP 
accreditation becomes mandatory. 

The DOELAP research program identifies potential improvements 
in DOELAP testing categories and provides guidance for implementing 
these in the Standard. Some of this work is conducted in response 
to DOELAP participants who feel that existing sources are an 
inadequate test of their dosimeter for particular field conditions. 
Other efforts focus on evaluating calibration methods, factors for 
assigning delivered dose or dose equivalent, and methods used in 
testing dosimeter response. 

The response of a personnel neutron dosimeter depends on the 
energy distribution of the incident neutron field. Although the 
DOELAP test is not designed to evaluate the participants' field 
calibration, it is desirable to use a test source which is roughly 
appropriate for the neutron energies encountered in the workplace. 
At present, participants choose between an unmoderated Cf-252 
fission spectrum and that of a Cf-252 source moderated by a sphere 
of heavy water 15 em in radius and covered by a cadmium shell 0.051 
em in thickness. The addition of an Americum-Beryllium (Am-Be) 
neutron source is being evaluated at the request of accelerator 
facilities that have higher energy neutron fields. The Cf-252 
spectrum is peaked near 2 MeV with a dose equivalent average energy 
of 2.4 MeV. An Am-Be source has a broad spectrum maximized between 
1 and 11 MeV and a dose equivalent average energy of 4.4 MeV. 
While an Am-Be source is not an ideal representation of neutron 
sprectra at high energy accelerators, it provides a better test of 
dosimetry systems at those facilities than does Cf-252. An Am-Be 
source may be added to the DOE Standard as early as 1988. 

Addition of a thermal neutron category was also considered. 
In a feasibility study, dosimeters from five DOE participants were 
irradiated to thermal neutrons from a sigma pile, to thermal 
neutrons from a research reactor, to Cf-252 neutrons, and to 
selected neutron-photon mixtures. The dosimeter response for the 
two thermal neutron sources differed by a factor of three, because 
of the source geometries and differences in the neutron energy 
distributions. The sigma pile presented an essentially isotropic 
field, while the reactor configuration was a collimated beam 
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irradiating dosimeters mounted on a phantom. After a review of the 
data and an informal survey of DOE facilities, it was concluded 
that the demand for a thermal neutron category is low because the 
thermal neutron dose contribution is small; most dosimeters respond 
adequately to thermal neutrons; the worst problem associated with 
thermal neutron dosimetry is a tendency for some dosimeters to 
falsely indicate a fast-neutron irradiation; and no masking 
effects were seen that would hide a significant photon or fast 
neutron irradiation in the presence of thermal neutrons. An 
additional thermal neutron category was therefore not recommended. 

It has also been proposed that performance criteria should be 
added for dosimeter angular response. This proposal is now being 
evaluated. The DOELAP standard currently requires participants to 
measure and document the dosimeter response in two axes of rotation 
for angles between 0 and 85 degrees. However, the standard does 
not contain performance criteria for angular response. To add 
these, appropriate quantities must first be defined for assigning 
dose equivalent at nonperpendicular incidence. Then the existing 
recommendations for allowable dosimeter performance must be 
expanded to include uncertainties due to angular response. 
Existing models for assigning dose equivalent were reviewed. The 
directional dose equivalent, H', as defined in ICRU 39, was found 
to be an appropriate quantity for irradiations at nonperpendicular 
incidence, since it is additive for a multidi~ectional field. 
Performance criteria were developed based on recommendations in 
ICRP 35, which defines acceptable performance as accuracy within a 
factor of 1.5, including uncertainties from angular response. If 
recommended, the test of dosimeter angular response would be 
performed on a one-time basis, separated from the tests at 
perpendicular incidence. 

There is considerable diversity among published conversion 
factors for determining dose equivalent for photon exposure or 
neutron fluence. Existing conversion factors for photons were 
reviewed in the hopes of alleviating some of the confusion caused 
by this diversity. Disagreement in the conversion factors is 
apparent, not only for the different torso models, but also for 
calculations using the same torso shape and tissue composition. 
These disagreements may be explained, in part, by the assumptions 
of parallel or divergent beams. The photon conversion factors used 
in DOELAP are based on a ten-element tissue slab model, and differ 
by up to 20% from the sphere calculations. These factors were 
verified by repeating extrapolation chamber measurements for 
k-fluorescence and filtered bremsstrahlung beams. Additional 
studies are planned for verification of conversion factors for the 
ICRU sphere, and a review of the impact of ICRU 39 is planned. 

Other planned research includes evaluating appropriate 
performance criteria for CR-39 track etch dosimeters, considering 
the possible addition of a higher energy photon source and a 
low-energy beta slab source, and identifying standard methods for 
instrument calibrations. 
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RETROSPECTIVE DES DIX DERNIERES ANNEES 
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H. Jossen, H. Lengweiler, H. Luthy, H.J. Pfeiffer, S. Pretre, 

Th. Samuel, J.-F. Valley, Ch. Wernli, W. Zeller 
Groupe d'experts pour la dosimetrie individuelle en Suisse 

Office federal de la sante publique, 3001 Berne. 

INTRODUCTION 

La dosimetrie individuelle est asssuree en Suisse par des 
services prives et publics. Afin de coordonner ces activites, la 
Commission federale de la protection contre les radiations a 
constitue des 1976 un Groupe d'experts pour la dosimetrie 
individuelle comprenant des specialistes appartenant aux differentes 
instances de contr6le, ainsi qu'aux services dosimetriques. Les 
taches de ce groupe sont les suivantes : 

- reunion, interpretation et publication des valeurs de doses 
des personnes exposees professionnellement aux radiations 
ionisantes; 

- elaboration de criteres en vue de la reconnaissance des 
services de dosimetrie; 

- elaboration des documents de base et de recommandations pour 
l'execution de la dosimetrie de l'irradiation externe et de 
l'incorporation; 

- contr6le de la qualite des resultats de mesure des services 
dosimetriques a l'aide d'intercomparaisons; 

- analyse de l'etat de la science et de la technique dans le 
domaine de la dosimetrie individuelle, activite de consultation 
pour les instances de contr6le. 
Les activites de ce groupe et les resultats obtenus au cours 

des dix annees ecoulees font l'objet du present rapport. 

RESULTATS DE LA DOSIMETRIE INDIVIDUELLE 

L'ensemble des resultats de la surveillance dosimetrique 
individuelle est publie chaque annee sous forme de rapport (1). Les 
donnees rassemblees concernent aussi bien les mesures de 
l'irradiation externe, dosimetrie du corps entier et des extremites, 
que celles touchant a l'incorporation. Ce rapport comprend, outre 
une ventilation des personnes surveillees en fonction de leur 
activite et de la dose re~ue, une indication des doses collectives 
dans les differentes categories professionnelles. L'evolution de ces 
grandeurs en fonction du temps est donnee a la figure 1. Le nombre 
de personnes surveillees augmente regulierement depuis 1976; cet 
accroissement correspond d'une part a une augmentation reelle du 
collectif et d'autre part a une surveillance plus etroite des 
personnes professionnellement exposees aux radiations, en 
particulier dans le domaine medical. On remarque parallelement une 
reduction ·de la dose collective dans la majeure partie des secteurs 
d'activite. En ce qui concerne les centrales nucleaires, 
l'augmentation observee est liee a la mise en service de deux 
nouvelles centrales et a divers travaux de reequipement effectues 
dans les centrales plus anciennes. 
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Figure 1: Evolution des doses collectives et du nombre de personnes 
suryejllees de 1977 a 1986 
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Figure 2: Nombre de personnes ayant incorpore une Quantite 
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Les incorporations impliquent un nombre de personnes et des 
doses annuelles relativement limites. A titre d'illustration, le 
nombre de personnes ayant incorpore une quantite superieure a 10% de 
la limite annuelle est donne a 1a figure 2 pour les dix dernieres 
annees. Dans la plupart des cas, il s'agit d'incorporation de 
tritium, radioelement utilise pour la fabrication de peintures et 
materiaux luminescents. 

Tous les depassements des limites annuelles (irradiation 
externe et incorporation) font l'objet d'un examen particulier, qui 
est documente dans le rapport annuel. Le nombre annuel de 
depassements ayant conduit a une irradiation reelle de la personne 
oscille entre 0 et 5. Dans un seul cas, au cours de ces dix 
dernieres annees, un dommage a ete constate; il s'agissait d'une 
brulure a une main. 

ASPECTS LEGISLATIFS ET EECOMMANDATIONS 

Une ordonnance sur l'homologation et l'exploitation des 
services de dosimetrie individuelle, mise en vigueur en 1981, fixe 
les exigences applicables aux services de dosimetrie (2) . Celles-ci 
concernent aussi bien les aspects administratifs que techniques. 
Ainsi les services dosimetriques ont l'obligation de mesurer les 
doses d'irradiation situees entre 500~Sv et 5 Sv avec une precision 
situee entre plus 50% et moins 30% en routine. En outre, les 
performances minimales des divers systemes dosimetriques sont 
prescrites; les exigences dans le cas de detecteurs bases sur la 
thermoluminescence sont donnees au tableau 1 a titre d'exemple. 

Tableau 1: Exigences minimales applicables au systeme de dosimetrie 
individuelle par thermoluminescence 

Caracteristiques Exigences 

photons electrons 

Dose minimale detectable 0,5 mSv 2,5 mSv 
Dose maximale detectable 5 Sv 5 Sv 
Domaine d'energie 15 - 3000 keV 0,5 MeV 
Dependance energetique +I- 40 % - 50%;+100% 
Dependance directionnelle +I- 40 % -
Reproductibilite +I- 20 % +I- 20 % 
Erreurs diverses +I- 10 % +/- 10 % 

Le groupe d'experts a en outre emis des recommandations 
touchant a des aspects particuliers de la surveillance dosimetrique. 
Ainsi dans le cas du contr6le d'incorporation, la frequence, le mode 
des contr6les et les methodes d'interpretation ont fait l'objet 
d'une etude. Pour les nucleides les plus couramment utilises une 
procedure de contr6le a ete fixee (3) . 

Dans le domaine de la dosimetrie de l'irradiation externe, la 
methodologie metrologique et les procedures de calibration ont ete 
precisees, dans le but d'une uniformisation de la dosimetrie (4). 
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INTERCOMPARAISONS DOSIMETRIOUES 

Le groupe d'experts organise chaque annee une intercomparaison 
dosimetrique dans le domaine de l'irradiation externe; les 
performances des systemes y sont testees quant aux criteres fixes 
par l'ordonnance. Les aspects suivants ont ete analyses : 

- contr6le de la calibration; 
- linearite des dosimetres dans le domaine de dose correspondant 

aux mesures en routine; 
- dependance en fonction de l'energie des rayonnements X; 
- linearite dans le domaine des doses accidentelles; verification 

du temps necessaire a l'evaluation du dosimetre en cas 
d'accident; 

- precision des valeurs de mesure lors d'une irradiation avec 
plusieurs types de rayonnements. 
Les resultats obtenus sont indiques dans les rapports annuels 

correspondants. Ces intercomparaisons ont contribue a ameliorer la 
qualite de la dosimetrie individuelle en Suisse. 

Deux intercomparaisons ont en outre ete effectuees pour les 
services charges de la suveillance de l'incorporation de tritium; 
les resultats obtenus ont indique qu'un effort complementaire doit 
etre consenti dans ce domaine. 

CONCLUSIONS 

Sur la base des resultats de la dosimetrie individuelle, 
l'evolution de la radioprotection en Suisse au cours de ces dix 
dernieres annees peut etre consideree comme rejouissante. 

Bien que le nombre des personnes professionnellement exposees 
aux radiations ait augmente de maniere continue, la dose collective 
indique une tendance a la baisse, a l'exception du domaine des 
centrales nucleaires. Ceci est particulierement significatif, car le 
nombre d'installations produisant des rayonnements ionisants a 
sensiblement augmente aux cours de ces dix annees. 

Ce succes n'aurait certainement pas ete obtenu, si l'on n'avait 
pas attache l'importance qu'elle merite ala dosimetrie des 
personnes professionnellement exposees aux radiations. A ce jour, 
les instances de contr6le tiennent la surveillance bien en main. 
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THE ADEQUACY OF CURRENT METHODS OF SKIN DOSE ASSESSMENT 

M.W. Charles, C. Hart and S. Holgate 
CEGB, Berkeley Nuclear Laboratories, Berkeley 

Gloucestershire, GL13 9PB, England 

ABSTRACT 

Irradiation of the skin is often a limiting factor in routine 
and accidental radiation exposures. In most situations the 
exposure is spatially non-uniform and in the case of subjection 
to radioactive participation it may be highly non-uniform. In 
these cases the choice of a depth and area over which to measure 
or calculate the skin dose is open to some controversy and is 
currently the topic of consideration by the NCRP and ICRP. A 
range of animal experiments have previously been described which 
shed light on these questions and this paper will present detailed 
dosimetry for some of the radiation sources used. A novel automated 
extrapolation ionisation chamber will be described which has 
enabled detailed isodose data to be generated for uniform and 
non-uniform Tm-170 beta sources which have been used to study the 
'hot particle effect'. Comparisons with thermoluminescence 
dosimetry data and calculations will be given. The radiobiological 
data show no evidence of any enhanced carcinogenic response for 
non-uniform exposures and support the use of mean dose as a 
relevant parameter for evaluating the risk of late stochastic 
effects. Data on non-stochastic effects indicate that current 
procedures for estimating skin dose are likely to considerably 
over-estimate the risk of detrimental effects. The adequacy of 
currently employed skin dosimeters will be discussed in the light 
of these biological and dosimetric data. 
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STUDY OF DOSEMETER PARAMETERS FOR THE MEASUREMENT 
OF Hs(0.07) FOR PERSONAL BETA DOSIMETRY 

P. Christensenl) and V. Vanamo2) 

1) Ris0 National Laboratory, DK-4000 Roskilde, Denmark 
2) Alnor Oy, SF-20101 Turku, Finland 

INTRODUC'riON 

The basic requirement of a dosemeter designed for indivi
dual monitoring of beta radiation is the capability of measuring 
the skin dose (in a few cases also the dose to the lens of the 
eyes) independently of energy and incident angle of the radia
tion and with the accuracy prescribed by national and interna
tional bodies. Other important design criteria are concerned 
with cost and such practical aspects as dosemeter size, iden
tification possibilities and fitness for automated processing. 
According to ICRU the skin dose should be measured at a depth 
of 0.07 mm below the surface of the skin and a dosemeter with 
an energy and angular response equal to that of a" (0.07) is 
considered to satisfy this requirement(1). In nearly all prac
tical situations a dosemeter intended for personal beta dosi
metry must also be able to measure the dose contribution to 
Hs(0.07) from strongly penetrating gamma radiation. 

The performance of a dosemeter is determined from a combi
nation of detector characteristics and badge design. If a tis
sue-equivalent detector is used, Hs(0.07) can be measured with 
a simple dosemeter design. Where non-tissue-equivalent detectors 
are used it is necessary to evaluate beta ray and low energy 
photon doses separately due to the energy dependence of these 
detectors to low-energy photon radiation, implying the require
ment of using different thin filters. The most common non-tis
sue-equiv~lent detector type, the film, is wrapped in a light
tight packet, typically about 0.25 mm thick, permitting this 
dosemeter to be used only for monitoring beta rays with ener
gies above approximately 0.5 MeV. 

A thin tissue-equivalent detector of a few mgcm-2 and 
covered with a similar tissue-equivalent filter is an appropriate 
dosemeter for skin dose measurements. During the last few years 
different types of tissue-equivalent detectors with a thin effec
tive detector thickness have been developed(2) and this study in 
addition comprises a new graphite-mixed sintered LiF detector 
recently developed by the Alnor Oy. For a dosemeter intended 
for automatic readout it may be difficult to obtain a position 
of the skin dose detector in the badge exhibiting an optimal 
dosemeter performance. 

In this investigation the importance of different dose
meter parameters, e.g. detector thickness, filter thickness, and 
detector/filter geometry and material, for obtaining an optimal 
energy and angular dosemeter response for beta dose measure
ments has been studied. 
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EXPERIMENTAL METHODS 

Five types of TL detectors were includeti in this study, 
namely LiF, Li2B407:Mn, and LiF with graphite produced by the 
Alnor Company, LiF TT .. D-700 produced by the Harshaw Chemical 
Company and Mg 84 07 : Dy, with graphite produced by the Boris 
Kidric Institute, Vinca(3). Dimensions and dosimetric proper
ties for irradiation with 60co photons are presented in Table 1. 
The detectors were read-out in a hot nitrogen stream for 10 s 
at 27o0c. As pre-irradiation annealing was used a second read
out in the reader and all detectors were given a post-irradia
tion annealing of 15 min. at 1oooc. 

Table 1. Dimensions and dosimetric characteristics of different 
types of TL detectors. 

Detector 

LiF-T\1, Alnor 
LiF TLD-700, Harshaw 
Li2B407:Mn, Alnor 
Li F-N, (2% C) ' A.lnor 
LiF-N, ( 4% C) , Alnor 
LiF-T\1, (8% c) , Alnor 
MgB407:Dy(3%C) ,Vinca 

Dimen
sions 

(mm) 

4 • 5 ( d i am • ) x 0 • 8 
4.5(diam. )x0.9 
4 • 5 ( d i am • ) x 0 • 8 5 
4 • 5 ( d i am • ) x 0 • 7 

II 

II 

4 (diam. )x0.9 

Relative Detection 
y-ray(60co) threshold (3o) 
sensitivity (eqv.~Gy 60co) 

100 8 
86 8 
21 20 

9.5 110 
4.5 11 0 
2.0 200 
4.5 120 

Beta-ray doses fro{7 90 sr-90y (Em 2. 27 MeV), 204Tl 
( Emax = 0. 76 1\ieV) and 14 Pm ( Emax = 0. ~~5 MeV) were obtained 
fr6m the PTB-Blichler secondary standard beta calibration unit. 
Furthermore, two stronger 204Tl- and 147pm-sources were used: 
a 42-mm diameter 204Tl source covered with 20 mgcm-2 thick silver 
foil and a 5-mm diameter 147pm source with a 5-um titanium face 
layer. The distances used between source and detector were 30 em 
for the 204Tl and 90sr-90y sources and 20 em for the 147pm 
source. As calibration quantity for the measurement of Hs(0.07) 
for beta radiation was used, the dose equivalent at a depth of 
0.07 mm in a semi-infinite extended slab of tissue-equivalent 
material. Values of this quantity for the standard beta sources 
were obtained from the calibration certificates for normal radia
tion incidence and from Bohm(4) for other angles of radiation 
incidence. The values for the two non-standard sources were 
obtained from measurements with an extrapolation chamber designed 
by Bohm ( 5) and purchased from PTW, Fre iburg , FRG. A 1- em thick 
perspex plate that can be turned to obtain different irradiation 
angles was used as phantom for the irradiations. 60co gamma 
radiation was used as reference radiation with the detec
tors placed between two 4-mm thick perspex plates during the 
irradiations. 
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RESULTS AND DISCUSSION 

Detector/filter thickness 

The energy and angular response of a dosemeter to beta 
radiation strongly depends on the thickness of the detector 
and/or filter as illustrated in Table 2 where responses of dose
meters with different detector an~ filter thicknesses are given 
for different angles of radiation incidence and beta particle 
energies. The standard 90sr-90y source and the two non-standard 
204Tl and 147pm sources were used for these measurements. It can 
be seen fro;n the table that if appropriilte, thin filters are 
used the graphite-mixed detectors, all having a thin effective 
detector thickness, are well-suited to the measurement of 
Hs(0.07) for beta radiation with energies above approximately 
220 keV. In contrast, the use of a dosemeter with a relatively 
thick detector, e.g. the normal 0.9 mm thick LiF detector, for 
beta dosimetry may imply a significant underestimation of the 
doset even for a beta dose from a high-energy beta emitter like 
the ~Osr-90y source. 

Table 2. Beta ray response of TL detectors placed on a perspex 
phantom. Results are given for measurements with and without 
the use of a 7 mgcm-2 tissue-equivalent filter and for oo 
and 450 angle of radiation incidence. 

Detector 
type 

Filter 
(mgcm-2) 

TL reading per unit beta dose 
0.07 mm tissue and at angle co 

TL read1ng per R'DUCo 

90sr-90y 204Tl 147pm 
oo 450 oo 450 oo 450 lrfF=N _____________ o _______ f:os--o.s4--o~49--~3s o.12 o.13 

Alnor 7 1.02 0.80 0.42 0.32 0.03 0.03 
LiF, -Tt:5=7oo _____ o- ---·-r:-oo-o.so-o:-29 o. 22 o. 12 o. 13 

at 

Harshaw 7 1.00 0.80 0.27 0.22 0.03 0.03 
L1 2s 4o7:M'n:-------o------1 :-IT6<f:"89-0.62-o:S4-o:2r--D:27 
Alnor 7 1 .03 0.83 0.58 0.47 0.04 0.04 

I:iF-N(2%cf _______ o ______ r-:or-o:92-o~-o:96-o. 84 1. o2 

Al nor 7 1 • 0 2 0 • 9 5 0 • 8 7 0 • 8 5 0 • 16 0 • 16 r:;TF:..N (4%cr-------o------·-,-:-~o:94-r:or-,. oo--cro--f:-17-
Alnor 7 1 .02 0.96 0.93 0.90 0.21 0.24 
LiF-N ( a%cf _______ o ______ o:-9s_D:96_f:-o2-cTI--r:-so-r:-9:r-
Alnor 7 1 .03 0.96 0 .96 0 .96 0 .30 0 .29 
MgB

4
o1 :oY'f3%cT ___ o ______ o:-95-o~94-1. os--r:-;-.r--2. 9o --I. so -

Vinca --~----------7 ______ _!_~-~-0. 9~_Q_.!.2.2.__Q.~_Q..!.73 _ 

Detector/filter geometry 

In most personal dosemeters the detector is positioned at 
a certain distance from the filter beneath a so-called beta win
dow that has a significant influence on the energy and angular 
response of the dosemeter to beta radiation(2). In the Alnor and 
Ris0 badge the skin dose detector is placed behind holes in 1 mm 
thick plastic and aluminum shields, respectively(6). Beta-ray 
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responses of the two types of badges were measured by use of 
graphite-mixed LiF and MgB407 :Dy detectors and by use of both 
cylindrical- and cone-shaped beta windows (see Table 3). By 
comparing the data of Table 3 with those of Table 2 it can be 
seen that to obtain an optimal energy and angular response of 
the dosemeter a detector/filter geometry as close as possible 
to that of a simple dosemeter design with the detector posi
tioned in contact with the filter and with no disturbing beta 
windows should be aimed at. The results furthermore show that 
improve'IIents can be obtained by optimising the shape and size 
of the beta window as well as the type of construction material. 

Table 3. Beta ray response of TL detectors placed in the beta 
w1ndow position of the ~lnor and Ris0 badge. Results are given 
for a 4.5 mgcm-2 tissue-equivalent filter, for oo and 450 angle 
of radiation incidence, and for different beta window shapes 
(see text). 

Detector 
type 

Badge 
type 

Diam. (mm) 
and shape 
of beta 
window 

TL reading per unit beta dose at 
0.07 mm tissue and at angle 30 
TL reading per R oOco 

90sr-90y 204Tl 147pm 
oo 450 oo 450 oo 450 

LlF=rr-------------:r:s-cyr:·---r.oa-o:66--o:5o o. 34 o .14 o .16 
(4% C) Alnor 3.5 Con. 1.13 0.68 0.55 0.44 0.16 0.17 
Alnor ---3:5 cyl :-o. 83"ll.48--o. 44 0":32-o:-15-o .15 

Ris0 4.0 Con. 1.07 0.65 0.68 0.53 0.20 0.20 
-MgB457:5y------3:-5 Cyl :----r:T3o:74--D:-72-o .66"--o:-STo-:50 

(3% C) Alnor 3.5 Con. 1.15 0.81 0.81 0.69 0.62 0.66 
vine a 3. 5 cyl. o. 85 o. 5o -o:-60o:47-o: 48D:4'8 

Ris0 4.0 Con. 1.14 0.74 0.81 0.85 0.70 0.70 

CONCLUSIONS 

The results obtained from this study emphasise the im
portance of using thin detectors for skin dose assessment. 
Furthermore a badge design with a minimal shadow effect caused 
by the beta window should be aimed at. 
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THE FADiNG OF LiF CHll'S lRHAOlATED BY UV-PHOTUN~ 

B. Ben- f~hahar and Y. Laichter 
llluc lear kc~seurch Centre-NefT,ev, P. 0. B. 9001, Beer-~heva israel. 

1. lNTHODUCTlON 

The thermoluminescent dosimeter is bc!coming increasingly 
important in all aspects o1" personnel and environmental 
monitoring. The main limiting tactor that hl:l.s prevented even 
wider u:c_;age is the inability to ullow reassessment of radiation 
doses after the initial read-out. 

The must useful dosimeter, especia.lly in personnel 
:Ull!llitoring, if; the LiF: kp;, Ti <TLD-100). The energy, absorbed from 
Lunizing radiat. ion, pro<iUC(.~S mobile char ge-·carriers, electrons or 
holes, in dopped LiF. Bome of the charge carriers are trapped by 
impurJty complexes, anti are released from the traps by heating 
thf! irradiated LiF. Its normal read·--out is a 10-60 seconds period 
of heating to ;2~j0--300 ''C, which is sufficient to remove the 
eleclrcmG <or holes) from all but the deepest traps. The 
thermally released carriers mlp;rat:f~ to lumineEcent E>i tE,s, where 
they recombine with (other) holes <or electrons). Light is 
relAased as this recombination occurs. The signal is recorded as 
a glow curve of thermoluminescence versus time or temperature. 

The high, f.i r:.o;t dosf~ can be rc,assessed by a second reading 
<rehldui:J.l d.o<-.>e) or by evaluating the dosimeter after exposing it 
to UV photons. 1 n a previom.> work" 1 

', we have studied the re
abse:c.;sment of IiHiiatiun doses measured by TLD; we have found that 
the dose uhtal ned by t.lle lattt-}r technique Js greater than the 
·cesidual dose, by one order of magnitude. lt is known as -uv 
ligh~- bleaching- or - photo--transfered thermolum:i.nescent ·· 
dusi.n~e·try ur PTTL. It is well used for reassessinp; high doses in 
perbunnel and environmental dusimetry<:.c,?.•, 

Dne uf the inaccuracies of thermoluminescent dosimeters 
L=_; the fading of the dose between the exposure time and the 
evdluation. lf nu annealings are performed, it can be as high as 
;.~0-30% per month :fur Li.F chips'"·'"'''. The fading at Li.l:' <TLD--100) 
can be decreasEO~d by different pre-- and post-irradiation 
ann<~aling~=>: fur a pre--irradiation annealing of 400 °C/hr or a 
post-irradiation annealing of 100 "'C/10 min, the fading of 
TLD---100 is lt-~~-;s than 4% per mnnth'"''· .n. 

ln this work, the fading of l:'l'TL in LiF:M.p;,Ti chips during a 
31 day period, was measured. 
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2. Experimental and results. 

The measurements were per:formed with the standard <Harshaw} 
TLD-100 chips <3x3x0.9 mm3

) which were all annealed :for an hour 
at 400 °C, prior to irradiation. The samples were read-out by a 
manual Harshaw thermoluminescent detector, model 2000C, connected 
to an automatic integrating picoammeter, model 2000B and a 
Yokogawa recorder for glow curves. 

Each chip was irradiated with a 6 °Co source up to a dose of 
80 mGy and evalua·ted after di:fferent periods at· time, from 1 to 
31 days. The dosimeters were read-out i.n an atmosphere o:t dry 
nitrogen to minimize the effect of· tribo-thermoluminescence. The 
heating was about 12 "C/sec and a maximum temperature of 280 "'C 
was reached in each cycle. Immediately after the first reading, 
the chi_pE> were irradiated by a 15 watt UV lamp <2~4 nm) at an 11 
em distance and then a second reading was performed <PTTL). ln a 
previous work' 8 -', we have concluded that the optimal irradiation-
time for TLD-100 chips by a UV lamp is 1~ minutes. 

The -second- readings, which were per:formed after the UV
l'TTL- irradiation at different times f"ollowing the ""°Co·
irradiation, were compared to those readings that were evaluated 
immediately. The fading of PTTL was thus calculated for different 
periods of time, from 1 to 31 days. The results are given in 
Table 1. 

Table 1. The fading of PTTL. 

Time <days> Fading (in %) 
1 2.6 + 0. 1 
4 ,., ry :!: 1~ b "-• ' 
8 2.5 ::t 1.3 

15 2.8 ± 0.9 
22 4.7 ::t 1.2 
31 4. '{ + 2.6 

The glow curves o:f PTTL a:fter 1, 4, 15 and 31 days are shown 
in figure 1. 

3. Conclusions 

A. The fading of PTTL for TLD-100 chips is changing from 2.6% 
after 24 hours to 4.?% after 31 days. 

B. The relati.vely low fading is to be expected as the second 
reading is due to electrons in the deep <high temperature) 
traps. 

C. The glow curves of PTTL exhibite the same p;low peaks as the 
curves from the T-irradiated TLD--100; the main peaks are 4 and 5, 
while the lower ones are 2 and 'l. '' 

D. There is no significant difference between the glow curves 
of PTTL after 1 day or 31 days <see fi.lMes 1a - 1d). 



Fig. 1 - The glow curve of PTTL: 
a> after 1 day, b> after 4 d, c) after 15 d, d) after 31 d. 
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E. High doses in perGonnel arui envi.conmetal monitoring can be 
.reassessed accurately, without the need for any significant 
fading corrections. 
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DOSEMETER FOR MEASURING PARTIAL BODY DOSE A~D FOR ADDITIONALLY 
DETERMINING THE TYPE OF RADIATION 

~1. lleinzelmann, H. Pagenke:nper 
Nuclear Research Centre Jillich 

Department of Safety and Radiation Protection 

While handling unshielded, radioactive substances the 
radiation dose to the nand frequently has to be measured. Close 
to the radiation source the greatest fraction of the dose :nay 
originate from weakly penetrating R-radiatiorl. However, part of 
the dose also originates from strongly penetrating radiation. In 
general, the skin is the critical organ and a dosemeter which 
can measure the individual dose equivalent, superficial, is 
sufficient to fulfil the legal regulations. However, information 
about the type of radiation is additionally required in order to 
evaluate the working conditions and radiation hazards. This is 
particularly important in evaluating possible radiation injuries 
after an accident. If the radiation type is known then the dose 
can be more accurately determined from the dosemeter reading 
with the aid of appropriate correction factors. 

PREVIOUS EXTREMITY DOSE~ETER 

A few years ago, an extremity dosemeter was developed at 
the Nuclear Research Centre JUlich (KFA) enabling a precise 
determination of the skin dose to be made (1 ). This dosemeter 
also provides additional information about the radiation 
quality. The dosemeter contains three thin TLD's of LiF in 
Teflon arranged in series and covered with a very thin, 
aluminized plastic foil of 0.9 mg/cm• mass per area. The first 
TLD measures the directional dose equivalent H'(0.07) approxima
tely independent of energy. The second and third TLD's in the 
dosemeter provide information about the depth dose distribution 
and thus about the radiation quality. 

The dosemeter is excellently suited for the determination 
of H'(0.07). This was demonstrated during participation in the 
1986 international intercomparison programme of the Commission 
of the European Communities. In this intercomparison programme 
36 dosemeters from each participant were irradiated with 3-ra
diation of various energies from E - 0.23 MeV to E - 2.2 
MeV, with Cs-137 Y-radiation and wT!~ B-Y mixed radia~f~n. Ir
respective of the radiation type, radiation energy and direction 
of incidence, the results of the KFA extremity dosemeter were in 
agreement with the reference values within ±23 % for all 36 
dose meters ( 2). 

However, a disadvantage of this dosemeter is that the very 
thin window in front of the TLD is not sturdy enough and is 
occasionally destroyed. 

MODIFIED EXTREMITY DOSEMETER 

Since the previous dosemeter was not sturdy enough attempts 
were made to develop a more suitable extremity dosemeter. The 
new dosemeter should be more sturdy and moreover provide even 
more information about the radiation field. The new dosemeter 
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should also be able to differentiate between high-energy and 
low-energy Y-radiation (3). 

In the modified extremity dosemeter (Fig. 1 ), three TLD's 
are arranged one behind the other in a finger-ring and the three 
TLD's are enclosed by a heat-shrinkable sleeve. Two ultra-thin 
TLD's of Caso 4 in Teflon are used, between which a 0.4 mm thick 
TLD of LiF in Teflon is arranged. The thinnest opaque heat
shrinkable foil on the market is used with an unshrunk thickness 
of 0.05 mm. 

Different radiation !'ields can be distinguished using the 
readings of the three TLD's in the dosemeter: 

In the case of high-energy 3-radiation and Y-radiation, all 
three TLD's show the same value which is equivalent to the value 
of the skin dose. 

For low-energy G-radiation, the first, ultra-thin TLD gives 
a high value. The other TLD's show considerably lower values. 

For· low-energy Y-radiation, the first and third TLD's show 
the same, too high values. The dose is determined from the 
reading of the middle TLD. The presence of low-energy Y
radiation and thus the oversensitivity of the Caso 4 detectors 
may be recognized by the fact that the first and third detectors 
show the same reading and that in addition both readings are 
higher than that of the middle TLD. The energy of the Y
radiation can be assessed from the ratio of the reading of the 
first TLD to the reading of the second TLD. 

The response R of the first TLD and the ratio of the 
readings of the three TLJ's are given for B-radiation in 
Table 1. The response is too low for low-energy B-radiation. It 
can be seen from the ratios Dt:D 2 , the reading of the first TLD 
to the reading of the second LD, and D1 :D 3

, the reading of the 
first TLD to the reading of the third TLD, that the dosemeter 
was irradiated by low-energy B-radiation. It is then possible to 
correct the too low response of the dosemeter. 

Fig. 2 shows the response for Y-radiation. 

The lower detection limit is equal to 0.3 mSv for the 
reading of the first and third TLD's and equal to 0.8 mSv for 
the reading of the second TLD. 

The readings of the dosemeter in mixed B-Y-radiation fields 
were calculated from the response of the three TLD's to B
radiation and Y-radiation of various energies. The calculations 
were carried out for over 400 different radiation fields. It was 
established that the dose may be determined precisely in the 
vast majority of cases. However, there are radiation fields in 
which the dose is incorrectly determined by up to a factor of 
two. These are radiation fields with low-energy 8-radiation (Pm-
147) and Y-radiation. Apart from radiation fields with low 
energy B-radiation, the dose may be determined with an accuracy 
of ± 25 % in all other radiation fields. 
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The new extremity dosemeter is sturdy and is particularly 
suitable for dose determination in pure S- and Y-radiation. The 
dosemeter is also suitable for mixed S-Y-radiation fields if no 
low-enerGY S-radiation is present. The dose may be incorrectly 
determined by up to a factor of two in mixed radiation fields 
with low-energy B-radiation. 
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ultra-thin TLD(Ca 504) 

Fig. 1: Diagram of the modified extremity dosemeter 
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Fig. 2: Energy dependence of the response for Y-radiation of the 
first TLD (CaSO~) and the second TLD (LiF) of the dose
meter 

Table 1: Response, R, of the first TLD, the ratio D1 :D 2 of the 
reading of the first TLD to the reading of the second 
TLD and D 1 :D~ of the reading of the first TLD to the 
reading or the third TLD for irradiation with the PTB 
secondary standard 

Nuclide R D1 : D2 D1 : D3 

Pm-1 47 0.55 "' 15 3.3 

Tl-204 0. 92 1. 8 6.5 

Sr-90/Y-90 0.98 1. 0 1 . 1 
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A FEASIBILITY STUDY FOR DOSIMETRY 
WITH THERMALLY STIMULATED EXO
ELECTRON EMISSION (TSEE) IN BeO 

C. Wernli, R. Zuk 
EIR, Swiss Federal Institute for Reactor Research 

Health Physics Division SU/81 
CH-5303 Wtirenlingen I Switzerland 

INTRODUCTION 

The objective of this work was to determine the feasibility 
of thermally stimulated exoelectron emission (TSEE) from BeO thin 
film detectors as a method for low energy beta dosimetry. The re
search included the summarization of related papers and experi
mental work to verify the claimed characteristics of these detec
tors. 

Experiments were performed to determine: 

a) necessity for Geiger counter cooling 
b) the effect of counter gas flow-rate va~i~tions 
c) correct anode voltage for exoelectron measurement 
d) annea.ling temperatures required .for maximum sensi t i v j ty 
e) fading of signal and activation of the detectors by 

fluorescent tube lighting 
f) response of unirracljated detectors (noise) 
g) lower detection limit 
h) reproducibility 
i) fading and activation at 50°C 
j) linearity of detector response to radiation dose 
k) sensitivity to beta and gamma radiations 

DESCRIPTION OF THE MEASUREMENT 
TECHNIQUES 

The detectors used here were developed at the Battelle Insti
tute, Frankfurt and the University of Giessen, both of the Fede
ral Republic of Germany (Kottler and Lerch, 1980). The prepara
tion of the detectors consists of the deposition of a thin Be film 
on a graphite disc, followed by oxidation in a wet nitrogen atmos
phere at 1300°C. 

The exoelectron reader was a DIGITEC: (Lesz ancl Holzapfe1 
1985) methane gas-flow, mono-point Geiger counter with a built-in 
heater. Readouts averaged 7 minutes per detector and a calibra
tion cycle required 5 minutes. 

Thorough flushing of air from the Gfdqer chamber was very 
important. Air contamination shortened the Geiger plateau length, 
changed the counting characteristics and increased the chance of 
sparking damage to the anode. 
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On start-up, with the 14c calibration source and guarded 
anode, the Geiger plateau was 400-500 V in length and had a slope 
of less than 2 %/100 V. The plateau did slightly shorten and the 
slope slightly increase after several heating cycles. 

The anode voltage for exoelectron readouts was chosen to be 
3400 V (with 99.995 % methane and a guarded anode). This voltage 
gave a well defined Geiger peak in the pulse height distribution 
(PHD) and dld not cause counter saturation at higher pulse rates. 
This voltage was 200 V higher than that used for the 14c calibra
tions. This discrepancy is explained by the fact that the Geiger 
plateau tor 14c is not transferable to exoelectrons. 

The discriminator lower level cutoff voltage was set to 
equal the position of the minimum between noise and Geiger peak 
in the pulse height distribution, rather than the electronic 
noise level (0.2 V). This choice of threshold eliminated less 
than 10 % of discernable counts, was very easy to determine and 
was stable. Counting rates resulting from 4,3 mGy doses (less 
than 2000 s-1) did nc>t shift the PHD enough to warrant changing 
the threshold level. 

Tl1e counting cycle was made almost completely automatic by 
interfacing with the heater control. Some of the detectors had 
their second emission peak extending to 520°C. However, since 
the noise counts increased significantly at the higher tempera
tures, 500°C was used as the upper bound on peak 2. 

RESULTS AND DISCUSSION 

Cooling of the counter was found to be necessary after it 
was noticed that the calibration source pulse rates were varying 
as a function of the number of heating cycles that had been per
formed. Experimental heating of the counter increased pulse ra
tes. This effect was probably due to an increase in the gas am
plification factor caused by methane expansion as it passed by 
the heater assembly. 

Gas flow-rate did not affect the 14c calibration source 
pulse rate, with an anode voltage of 3100 V. This was in agree
ment with the DIGITEC counter manual. However, Geiger plateau 
length was shortened by as much as 100 V with maximum gas flow
rates. The effect of gas flow-rates on exoelectron counting cha
racteristics was not determined. 

PHD's from TSEE readouts did not have well defined Geiger 
peaks when readouts were performed with an anode voltage chosen 
with the 14c calibration source. The incorrect anode voltage re
sulted in an apparent poor detector sensitivity and stability. 
An attempt was made to define the exoelectron Geiger plateau by 
plotting total counts (at constant dose) vs anode voltage. The 
Geiger plateau was not obvious enough to determine an anode work
ing voltage. Instead, an exoelectron working voltage was found 
by observjng the TSEE PHD's as anode voltage was increased. The 
optimal 3400 V (with 99.995 % methane and guarded anode) was cho-
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sen because it was high enough to provide a well defined Geiger 
peak and not so high that it caused counter saturation at higher 
count rates. 

For complete emptying of the electron traps, annealing by 
heating at 2°/s, to 550°C, was found to be satisfactory. This 
compares to a final temperature of 450°C (reading Peak 1 only) by 
Kottler and Lerch (1980) and 580°C by Lesz et al (1985). Higher 
anneal temperatures did not reduce the residual counts measured 
when a second readout was performed immediately after the anneal. 

Exposure to fluorescent tube light at a distance of 30 em 
caused both TSEE signal fading and activation. Fading in Peak 2 
was negligible but Peak 1 counts had decreased by 15-40 % after 
30 minutes. Activation occured in Peak 1 with an apparent dose 
of 1-7 ~Gy/hour and in Peak 2 at 13-23 ~Gy/hour. These effects 
would be decreased by about a factor of 10 in a room with ceil
ing mounted lights. 

Unirradiated detectors had a noise level of 5-12 counts in 
Peak 1 and 50-130 counts in Peak 2 (guarded anode), independent 
of detector sensitivity variations. Sensitivities were 7-14 exo-
electrons/~Gy · cm 2 in Peak 1 and 20-40 exoelectrons/ ~Gy · cm>
in Peak 2. These sensitivities compare with total sensitivities 
of 30-50 exoelectrons/~Gy · cm 2 , reported by Kottler and Lerch 
( 1980). 

Requiring that the signal-to-noise ratio be at least 3, the 
minimum detectable dose was 5-10 ~Gy in Peak 1 (detector area = 
0. 4 cm 2 ). 

The uncovered detector sensitivities were very similar for 
beta and gamma radiation from Cs-137, Am-241, Pm-147, Tl-204 and 
Sr/Y-90 radionuclides, as shown in Table 1. 

I ISOTOPE 

137cs 

241Am*l 

I 
147pm 

204Tl 

90sr+90y 

Sensitivities to Gamma and Beta Radiations for the un
covered detector (for 137cs a perspex buildup cap was 
used): The sensitivities were calculated for constant 
dose at a tissue depth, d~o. Estimated uncertainty in 
parentheses. 

AVERAGE SEN SITIVITY 
PHOTON ENERGY (3-ENERGY RELATI VE TO CS-137 

(keV) (keV) PEAK 1 PEAK 2 

662 - 1.0 ( 6 %) 1.0 (10%) 

59 I - 1.5 (25 %) 1.7 (26%) 

- 62 1.1 ( 12 %) 1 . 1 (14%) 

- 244 1.15 ( 8 %) 1. 15 ( 8%) 

- 570 1.1 (12 %) 1.2 ( 11%) 

*) The Am-241 source dose rate was not known accurately 
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Reproducibility averaged 95 % and was never worse than 93 % 
for a series of 12 consecutive readouts on each of four detectors 
( 4. 3 mGy doses) . 

A temperature of 50°C did not cause rapid fading or activa
tion in the detectors. Measurements over a period of 17 days in
dicate a possible 5-10 % fading per 10 days. 

Linearity of dose response was verified in the range of 5 -
o70 vGy. This is in agreement with all reports to date. 

CONCLUSION 

Experiments performed for this report were generally in 
agreement with available literature. Exoelectrons and 14c betas 
were found to have very different counting characteristics, with 
no Geiger plateau to be found for exoelectrons. Fluorescent ligh
ting of the detectors caused significant fading and activation 
but expc>sures while performing a readout were acceptable. Stor
age in darkness was necessary. Total sensitivities were 34-50 
exuelectrons/vGy · em•, giving lower detection limits of 5-10 vGy 
in Peak 1 and 20-30 vGy in Peak 2. Measurements had better than 
94 % reproducibility with consecutive 4,3 mGy doses, however, 
sensitivity varied from week to week. Linearity of detector re
sponse to dose was shown within a range of 5 to 750 vGy. Counter 
cooling was necessary and gas flow-rates did not affect the cali
bration source count rates. A final anneal temperature of 550°C 
was found to be sufficient to restore maximum detector sensitivi
ty. The uncovered detectors showed similar sensitivity to gamma 
and beta radiation from Cs-137, Am-241, Pm-147, Tl-204 and 
Sr/Y-90. 

The completed experiments indicate that BeO TSEE dosimetry 
can be useful for measuring low energy beta or mixed field radia
tions. The stability of detectors and counting technique needs 
to be investigated further. BeO TSEE dosimetry may still be con
sidered feasible but more testing should be performed before 
practical application of the technique. 

Kottler, W. and 
Lerch, D. 

Lesz, J. and 
Holzapfel, G. 
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1:\'TRODUCTION 

Photoluminescent detectors became once more attractive in routine photon dosimetry after N 2 

lasers of high intensity and reproducibility are commercially available. The LJV excitation with pulsed 
laser, in particular, reduces the pre-dose reading by two orders of magnitude and makes the previously 
used glass cleaning procedure unnessecary. Flat phosphate glass dosemeters with energy compensation 
filters have now the advantages of measuring low doses in the I 0 j.lSv range and being practically 
independent of energy and the direction of the radiation incidence down to photon energies of 10 ke V. 

On the basis of long-term routine experience with photoluminescence dosimetry (PLD) systems 
(I ,2) and previously performed investigations using flat glass dose meters (3) in combination with the 
Toshiba reader FGD-8 with pulsed L'V-laser excitation (4), Toshiba Glass and KfK recently agreed in a 
joint cooperation program to design and build-up a modern automatic read-out system using pulsed L'V 
laser excitation. A prototype of the commercial automatic read-out system FGD-1 0 was built-up at the 
end of 1987. The full read-out system makes use of a dosemeter encapsulation unlocked and opened 
automatically within the reader. A microprocessor controlled evaluation technique allows the flexible 
change of the read-out procedure by the choice of five different read-out modes, the simultaneous 
indication of different dose quantities and the automatic exchange of high dosed by annealed glass cards 
as well as a long-term data storage of the accumulated dose. 

POSE METER AND READ-OUT SYSTEM 

The slide type flat glass dosemeter capsule (size 4x3x0.8 cm3J has been developed for the auto
matic reader using UV laser pulse excitation (Fig. 1). Toshiba FD-Pl6-7 glass element (size 16x16x1.5 
mm3> is fixed in a stainless steel card bearing the card No. (hole code). The glass card is housed in the 
plastic capsule having the energy compensation filters consisting of perforated tin filters of 0.75 mm 
thickness. The capsule is locked by a magnetic latch and can be released only in the read-out 
instrument. The capsule is marked with lD No. (bar code). 

Toshiba FGD-10 is a full automatic PLD read-out system. The mechanical unit (Fig. 2, A) allows 
by magazine supply the continuous reading of up to 500 dose meters as well as the automatic exchange of 
high dosed by annealed glass cards, the opening and closing of dose meters, an auto-reading of lD No. for 
capsules and cards. The optical part (Fig. 2, B) consists mainly of the pulsed nitrogen gas laser, optical 
filters and diaphragm in front of the glass and the photomultiplier (P:Vl), respectively. The size of the last 
one is automatically exchangable to indicate different dose quantities. Eu-doped calibration glasses and 
dosed reference glasses are used for the continuous calibration of the read-out system and the laser pulse 
intensity, respectively. 

In order to suppress the pre-dose reading caused by primary fluorescence in the glass and dirty
ness on the glass surfaces the measurement unit (Fig. 2, C) makes use of the following technique: After 
the pulsed UV excitation of 5 ns and a delay time of about 2 j.lS the microprocessor supported evaluation 
separates a short-term and long-term luminescent component which are integrated in the periods (2-22) 
j.lS (area F 1) and in the period (40-60) j.lS (area Fz), respectively. The actual Fz value serves for the 
correction of pre-dose. The difference (F1-a·F2l = :.\1, indicated by the display, is then proportional to 
the dose. During read-out of annealed glasses the batch dependent factor ,a" is set automatically that 
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just positive pre-dose values are indicated. The reader allows the choice of 10 to 50 pulses per read-out, 
resulting for the higher pulse frequency in a lower random error of measurement in particular in the 
dose range below 0.5 mSv. 

All readings are carried out full automatically by control with a computer (Fig. 2, E), which ful
fills any functions in 5 different modes of read-out: data processing, drawing up of documents, data 
filing and transmitting to a host computer. The on-line desk computer/printer indicates card and 
capsule number, the pre-dose, the dose, the daily accumulated dose between entrance/exit control and 
the total accumulated dose for a dosemeter card and capsule. Personal data can be stored for a group of 
10 000 dosemeters/persons. 

ENERGY A~D A:\!GlJLAR RESPONSE 

The size of the diaphragm in front of the PM and thus the ratio of the tin and plastic covered glass 
volume may be changed. By this technique different dose quantities may be indicated, for instance the 
directional independent dose quantity ,exposure" X free in air and the new directional dependent dose 
quantity ll'(lO) on the phantom (Fig. 3). Csing for calibration a water-filled sphere phantom of 30 em 
diameter which simulates the ICRlJ sphere, the energy dependence has been found to be within ± 10% 
in the photon energy range 10 keV- 1.3 :\1eV. On the basis of a free air calibration the same glass 
dosemeter indicates the dose quantity exposure within ±20% above a photon energy of 25 keV. For 
these dose quantities and energy ranges, in personnel dosimetry the angular reponse has been found to 
be within ± 30% in the angular range 0° to 60°. For an application in environmental monitoring the 
angular response in isotrop fields is simulated by rotation in two axis. 

Furthermore, the ratio of the PL intensity measured in the glass volumes behind the plastic and 
tin filter, respectively, may be used as an estimate of radiation quality in the photon energy range below 
100 keV. 

DOSI:VlE'l'RIC PROPERTIES 

'!'he lower detection limit l!LDL defined as two times the standard deviation of the pre-dose of 
glasses unirradiated was found to be 30 11Sv and 7 11Sv for 10 laser pulses and 200 laser pulses per read
out, respectively. Assuming a monitoring period of 1 month, for instance, the dosemeter may thus 
indicate the natural radiation background Hnat = 60 11Sv with an random uncertainty (1 o value) of± 
15% and together with an additional occupational dose of 50 11Sv within ± 4 %. 

After a total accumulated dose of 3 mSv the lower detection limit for the estimation of additional 
doses is lll.Dl. = 0.1 mSv. On this basis the dosemeter may accumulate Hnat over a period of 4 years 
before an annealing procedure is necessary. For occupational annual doses below the maximum 
permissible annual dose limit a one-year dose accumulation in personnel dosimetry seems to be 
appropriate to estimate the annual dose of a person with the lowest random uncertainty of better than ± 
5% for the total dose. 

Tab. 1 compares the basic dosimetric properties of the PLD system with those of a TLD system. 
Assuming also for the 'l'LD system an oven annealing and an individual pre-dose subtraction the pre
dose values, the lower detection limit and the random uncertainty in the linear dose range are 
comparable for both systems. The PLD system, however, offers batch uniformity in pre-dose and 
response and thus corrections of the individual response are not nessecary). The read-out of glasses can 
be repeated. A high energy threshold, one of the main drawback of phosphate glasses in the past, turned 
out to be superior to that of LiF, above all with respect to the indication of the new dose quantities. 
Temperature during exposure and storage does not seriously affect the reading and the dose stability 
with respect to environmental effects is higher than those for LiF. 



Fig. 1 SC-I flat glass dosemeter 
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Tab. 1 Dosimetric Properties of Phosphate glass and TL Dose meters Using Automatic 
Readout in the Toshiba FGD~10 and Alnor Dosacus reader 

Dose range 

Batch uniformity 
response 
pre-dose 

Random uncertainty 
(!I nat+ 50 jlSv- 110 j.lSV) 

Energy dependence 

Exposure free in air 

11'(1 0) on phantom 

Fading at 20° C 

1 I Without energy compensation filter 

PLD System 
(FGD-10) 

0.03-10 Sv 

±2% 
(0.03 ± 0.02) mSv 

j_ [j o/o 

25 keY -1.2 MeV 
± 20% 

10 keY~ 1.2 MeV 
± 10% 

~ I 0 %11 0 years 

CONCLUSION 

TLD System 
(LiF:Mg,Ti) 

0.03- 1 Sv 

±10% 
(0.06 ± 0.03) mSv 

l. 10% 

15 keY~ 1.2 MeV 
± 20% 

20 keY~ 1.2 MeV 
factor 21 I 

~20 %/1 year 

In conclusion the new automatic dosimetry system for a large~scale application of personnel dose
meters offers the following advanteages: 

The technique of the automatic read-out namely the microprocessor supported evaluation, the 
reliability of measurement, the read-out time for one dosemeter and the capacity of magazins and 
data storage as well as the dosimetric properties of the system such as detector sensitivity, lower 
detection limit and random uncertainly of dose measurement are comparable with those of 
modern automatic TLD systems. 
The excellent batch uniformity in response and pre-dose, the relatively low energy dependence of 
dose measurement for the simultaneous indication of different dose quantities and the long-term 
stability of dose information with respect to repeated read-outs and environmental effects are, 
however, pi'Operties so far not offered by TLD systems. 
Phosphate glass dose meters are still superior to TLD systems with respect to the simplicity of the 
read~out procedure, the permanent availability of dose information, in particular the capability to 
repeat the read-out procedure and to indicate the accumulated dose between daily, monthly and 
annual read-outs. In the case of accidents high dose values can be measured and the radiation 
induced effect can be confirmed by an annealing of the reading followed by a recalibration of the 
actual glass with respect to response and pre-dose. 
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WHAT IS THE BEST ANNEALING TREATMENT FOR LiF DOSEMETERS? 
SOME EXPERIMENTAL RESULTS 

C. Caporali, G. Scarpa, A.L. Mancino 
ENEA, CREA Casaccia, Lab. Dosimetria e Biofisica, C.P. 2400, I-00100 Rome, Italy 

l. INTRODUCTION 

Many references in the Literature, when dealing with the problem of TLD annealing, 
have recommended various solutions, according to the material to be treated. For 
lithium fluoride, one of the most widely recommended pre-irradiation annealing 
procedures consists of a two-phase cycle: l hour at 400°C (higher termperature 
phase) and 2 hours at l00°C (lower temperature phase) . 

The aim of this work is to assess whether this method is really the optimum 
or some variations in termperature or time should be introduced. The paramenters 
considered to evaluate the effectiveness of the annealing were sensitivity (as 
signal-to-dose ratio) and reproducibility. 

2. MATERIALS AND METHODS 

The dosemeters used for the present study were sintered LiF:Mg,Ti (TLD-100) chips, 
individually calibrated. The experimental procedure can be summarised as follows: 
l - Pre-irradiation annealing 
2 - Irradiation 
3 - Post-irradiation annealing 
4 - Readout 
5 - Data processing 

As regards the pre-irradiation annealing, the lower temperature treatment has 
been kept constant at l00°C for 2 hours, whereas the higher temperature treatment 
was varied in the range between 300 and 500°C. Great care was exercised to keep 
constant both annealing time (+/- 10 seconds) and location of dosemeters (+/- 2 mm) 
into the furnaces. During this annealing, a series of five Chromel-Alumel thermocouples 
inserted into the furnaces were used to measure the actual temperature of the TLDs; 
gradients and time-dependent fluctuations of these temperatures were also checked. 

The irradiations were carried out by a 60-Co Gammabeam 150-C facility. 
The post-irradiation annealing was performed at l00°C for 15 minutes. 
The TLDs were read out on a semi-authomatical TL analyser, Harshaw 2000-D, with 

a capacity of 50 dosemeters. A 300°C nitrogen flux was used in this reader. In 
order to allow for the long-term instability of the TL analyser, all the readouts of 
each reading session were normalised to the mean response of 25 additional TLD-100 
chips annealed and irradiated according to a standard procedure and read during 
the same session. 

3. EXPERIMENTAL TECHNIQUE 

The parameters considered as variable in the present experiment were: 
l - Temperature of the first phase of pre-irradiation annealing; 
2 - Irradiation level. 

The temperature was varied in the range between 300 and 500°C, in 50°C steps. 
Two levels of dose were selected: 50 and 500 mGy. 

Fifty dosemeters were randomly selected from the same batch and used 
throughout the experiment. Each temperature level was investigated by carrying 
out 4 annealing-irradiation-readout cycles. 

4. RESULTS 

A decrease in sensitivity was systematically obse ved in t e TLDs after the 
500 C cycles. In order to allow for this phenomenon, the evaluation of 
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sensitivity at the reference temperature (400°C) was repeated before each variation 
of the annealing temperature. 

Fig. l shows the reproducibility, in terms of variation coefficients, of 
the sensitivity obtained in the 4 cycles performed at each temperature. The 
experimental points are scattered in the range from 0.7 to 3.7%; the statistical 
analysis (F-test) of the data does not reveal any significant trend. 

Figs. 2 and 3 show the mean relative sensitivity of LiF as a function of 
annealing temperature. The agreement of the experimental points with the 
decreasing exponential functions reported in the inserts is within 2%. The 
deviations are still lower for the 5 mGy dose level. 

These figures also compare the present results with the ones published by 
Regulla (1981). 

5. DISCUSSION 

The experimental results point out that the relative sensitivity monotonically 
decreases in the range 300 to 500°C, with a slight negative slope below 400°C and 
a steeper one for higher temperatures. This behaviour is somewhat different from 
that found by Regulla (see Figs. 2 and 3) who observed a positive slope below 
400°C, with a maximum around this temperature. However, the comparison of these two 
sets of data is difficult as some basic experimental parameters (e.g. dose level, 
lower temperature pre-irradiation annealing, etc.) cannot be found in Regulla's paper. 

The decrease of sensitivity with annealing temperature can be connected with the 
existence of trapping levels at different energies below the conduction band. A 
Phenomenon of thermal destruction of centres corresponding to shallow levels is 
likely to occur for very high temperatures. On the contrary, for temperatures lower 
than 400°C, the trap concentration does not undergo a remarkable reduction, so that 
the slight increase in sensitivitiy for decreasing temperatures might be explained in 
terms of charge and centre kinetics between levels situated at different energy depths 

Temperatures higher than 400°C should therefore be avoided for LiF annealing 
treatments because the TLDs may be permanently damaged. On the contrary, when 
carried out at a temperature level less than 400°c, the annealing does not lead to a 
relevant increase of sensitivity and, moreover, the trap emptying may be incomplete. 

In conclusion, the results of the present experiment show that the optimum 
temperature for the first phase of the annealing cycle of LiF is not far from the 
universally accepted value of 400°C. Further measurements are now in progress 
in order to improve the resolution of the experiment, taking into account not 
only sensitivity and reproducibility of dosemeters but also possible 'memory' 
effects due to previous irradiations. 
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EXPERIENCE IN PERSONNEL BETA DOSH1ETRY IN AN ARGENTINE CANDU REACTOR 

CARLOS ALBERTO SALAS 

EMBALSE NUCLEAR POWER PLANT - ARGENTINE 

1.- INTRODUCTION 

Thic paper deccribcc the present difficulties existing through out the world for 

the execution of a correct Beta personnel dosimetry together with the method im

plemented at this Nuclear Power Station -(600 i'l\Je CANDU REAcrOR)-

·rhis method intends to use conservative hypothesis so as to overestimate the mea

sured doses. At site, examples of Beta radiation fields are as follows: the air 

of rooms of the Reactor Building in wich Noble Gases would exist (see Ref. N°1) 

and zones or equipments with high values of external superficial contamination. 

Beta radiation is formed by electrons having an associated spectrum of energy. 

This spectrum, which is typical for each isotope, has a medium and a maximum I I 
energy .This arises one of the main problems regarding Beta Dosimetry as we do 

not work with monoenergetic radiation as in the case of Gamna radiation. 

Due to the ranges of the most ordinary isotopes in human tissue, those that will 

be affected by the external Beta radiation are as follows: The skin that covers 

the subcutaneous tissue, more precisely the ones called basal cells wich are pla

ced at the limit of the dermis and the epidermis, the crystalline of the eye and 

the gonads (see Ref. N°2). 

The depht of these radiosensitive cells vary according to the part of the human 

body being considered, for example: 7 mglcm2 average in the skin of the head and 

trunk, 30 mglcm2 in the hand palm and 300 mg/cm2 in the case of the crystalline. 

To solve this second inconvenient the value of 7 mglcm2 is taken as reference for 

the specification of the Beta dose. 

The methods used worldwide for the execution of the dosimetry based on TLD can be 

divided in Three main groups : a) according to TLD's crystals, which are quite 

thin, in order that they have an independent response of the energy of Beta radia

tion (see Ref. N°3), b) based on badges with two TLD's crystals and a calibration 

factor,c) using multielement badges to determine the maximum effective energy • 

Regarding Embalse Nuclear Power Station,(see Ref.N°4,5,6), the dosimeters used I 
are those grouped in the last two methods. At present, the group of workers -2 0-

more exposed to high Beta fields, use multielement type dosimeters and rings with 

two TLD's crystals for the hands. The rest of the personnel -390- authorized to 

enter the controlled zone use bages with two TLD's crystals. 
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It should be noticed the remarkable importance of the Beta dose magnitud being I 

dealt with at a Nuclear Power Station. The average obtained values of Beta dose 

at site are examples of the above importance. They are as follows : 

NORMAL OPERATION 

( 12 months) 

SCHEDULED SHUT-DO\m 

( 1 month ) 

COLLECTIVE BETA DOSE 0,22 man-SIEVERT 

PERSONAL 11AXH1UM BETA DOSE 5,9 mSv 

COLLECTIVE BETA DOSE 0,70 man-SIEVERT 

PERSONAL HAXII1UN BE'rA DOSE 146,6 mSv 

2.- EXPERH1ENTAL DETAILS 

2.1. CURRENT USE BADGE : They have a card Trade HARSHAW Model 4BG11 containing I 
two crystals of lithium fluoride (TLD-100) of 0,9 and 0,38 mrn thick respectively. 

The corresponding readings to Beta and Gamma radiation are obtained by using a I 
badge containing an aluminium filter and a window of 8 mglcm2. The Gamma compo

nent is evaluated with the usual equations. 

Regarding the calculation of Beta dose, it is considered that, as these dosime

ters do not have the possibility that could allow us to know the effective maxi

mum energy of the incident Beta radiation, it is necessary to make certain suppo

si tions to obtain the reading conversion factor into absorbed dose at a depth of 

7 mglcm2. 

Accordingly, it is assumed that these dosimeters are used only by workers that I 
are not so much exposed to irradiations with Beta particles coming from the de

cayment of Noble Gases and airbornes ( Rb-88 ). 

Experimentally,it was proved that, by means of the multielement dosimeters, the 

corresponding effective maximum energy could be approximately 0,9 Mev, consequen

tly, this value is used for the calculation of the above mentioned factor. 

2. 2. CASE OF DOSIMETERS OF RING TYPE : They are used as dosimeters of extremities 

in those tasks involving important Beta fields, i.e. greater than 3 mGylhour in 

contact. Each worker uses in the same hand a pair of receptacles trade HARSHAW , 

ring type and each ones contains a TLD-100 chip of 235 mglcm2 thick. 

One of the crystals is covered by a thin filter of 7 mglcm2 thick, and the other 

is covered by an aluminium sheet of 1 mm thick. 

2.3 CASE OF HULTIELEI1NT DOSIHETERS They are used in the same way the rings are, 
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in those tasks involving important Beta fields. These dosimeters, \vhich were de

veloped at Site, consist in one card -Trade HARSHAW-Hodel 4G1111 containing four 

TLD's crystals 0,9 mm thick each.They are covered in their front part by filters 

of different thickness: 540, 63, 8 and 1,6 mg/cm2. 

Based on the measurement of the transmission factors of the different filters for 

the incident Beta radiation , it is possible, by means of the corresponding equa

tions,to derivate the maximum energy value and dose value being searched. 

Sometimes,these r~ultielement dosimeters are used as Area ~1onitors. The following 

experimental comparison deta1ls one example of that use. 

This comparison consisted in placing multielement •iosimeters on the wall of diffe

rent rooms containing Noble Gases distributed in the air of the Reactor Building. 

Air samples from different rooms were taken every 3 hours, during 7 days,and the 

concentration of every radionucleid was determined by Gamma spectrometry. 

The results are detailed in the following tables: 

ISOTOPE CONCENTRATIONS (Bq/m3) 

ROOi1 Xe-133 Xe-135 Kr-85m Xe-133m Kr/Rb-88 

R-501 5,2 E 7 8,5 E 5 1,2 E 5 2,3 E 6 9,2 E 4 

R-007 1,2 E 7 3,2 E 5 5,2 E 4 5,2 E 5 4,8 E 4 

R-008 1,0 E 7 3,0 E 5 3,5 E 4 4,4 E 5 4,8 E 4 

t~EASURED AND CALCULATED DOSE RATE (mSv/Hour) 

CALCULATED CALCULATED HEASURED CALCULATED MEASURED 

ROOH WHOLE BODY SKIN GA.111!'1A GAHMl\ DOSE BETA DOSE BETA DOSE 

GA111'1A DOSE DOSE (TLD) (TLD) 

R-501 1, 0 E-2 1,4 E-2 1,3 E-2 0,68 0,55 

R-007 2,7 E-3 3,7 E-3 3,5 E-3 o, 18 0,08 

R-008 2,4 E-3 3,2 E-3 4,7 E-3 0,14 0,09 

If we compare the average differences between the measured Beta dose rate values 

and those calculated, a value of 38% is obtained. Anyway,we can observe, within 
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the experimental errors, a very good correlation between the Beta-Gamma measured 

values and the calculated ones. 

3.-CONCLUSIONS 

The above described method always uses conservative hypothesis that allow us to 

calculate absorbed Beta doses greater than the actual ones .Example of the above 

is the fact that, regarding rings the depth of 7 mglcm2 is considered, while the 

actual average depth of the basal cells in the palm of the hand is 30 mglcm2.This 

makes the actual dose they absorb to be less than the calculated,i.e (30% less). 

Also,in order to prevent the hands from getting contaminated, they are covered I 
with gloves, which is not taken into consideration either. Similarly,the clothes 

worn within the controlled zone,which cover all the body excepting the face, have 

an average thickness of 50 mglcm2. 

For this reason, this value should be taken in mind when calculating the dose I 
factor, as any Beta radiation with an energy less than 0, 6 t"lev will be attenuated 

by the above said clothes. The need to use conservative methods is based on the 

fact of compensating, among other things, the decrease of the Beta reading compo

nent due to the angular dependence of the l!Dst of the badges existing at present. 

The routinary use of multielement dosimeters in high Beta fields has proved to be 

practically an indispensable tool in the calculation of the involved Beta dose. 

Unfortunately, the above mentioned use is not worlwide spread at present. Any po

ssibility regarding either exchange of information or dosimeters will be highly 

appreciated at the Embalse Nuclear Power Station - Argentine.-
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THE U.S. DEPARTMENT OF ENERGY PERSONNEL DOSIMETRY EVALUATION 
AND UPGRADE PROGRAM 

L.G. Faust, K.L. swinth, and C.M. stroud 
Pacific Northwest Laboratory 
Richland, Washington U.S.A. 

E.J. Vallario 
u.s. Department of Energy 

Washington, DC U.S.A. 

INTRODUCTION 

The u.s. Department of Energy (DOE) Personnel Dosimetry 
Evaluation and Upgrade Program is designed to identify and 
evaluate dosimetry deficiencies and to conduct innovative research 
and development programs that will improve overall capabilities, 
thus ensuring that DOE can comply with applicable standards and 
regulations for dose measurement. To achieve these goals, two 
programs were initiated to evaluate and upgrade beta measurement 
and neutron dosimetry. 

DISCUSSION 

Beta dosimetry has had radiation protection problems for many 
years, compounded by a need to improve the accuracy and precision 
of beta measurements. Generally, devices designed to measure 
other radiations (usually gamma) are adapted for beta measurement. 
These devices can underestimate beta dose by a factor of 10 or 
more because of the complex spectra and low-penetrating ability of 
beta radiation, which produce significant spatial and spectral 
variations in the radiation fields. 

DOE facilities use a variety of instruments, calibration 
sources and procedures, and personnel dosimeters to assess beta 
exposure. In most cases, facilities cannot meet the accuracy 
criteria in national or international standards [1]. 

The measurement of neutron dose has similar problems. For 
the same dose, neutrons can produce many times the biological 
damage of gamma rays, indicating that the degree of hazard from 
neutron radiation may be higher than previously assumed. 
Previously, concerns about neutron dose were less because it was 
only a small fraction of the total dose. Anticipated changes in 
neutron quality factors increase that fraction and put greater 
emphasis on the need for improved measurements. 

It is necessary to estimate the neutron dose at various 
depths in the body and on the surface. In January 1987, President 
Reagan signed the "Radiation Protection Guidance to Federal 
Agencies for Occupational Exposure; Approval of Environmental 
Protection Agency Recommendations," [2] which adopts the ICRP-26 
[3] methods. The ICRP-26 recommends that in non-uniform fields 
the dose equivalent be determined by summing the dose equivalent 
to various specified tissues multiplied by a set of weighting 
factors. Almost all DOE radiation workers exposed to neutron 
radiations are in non-uniform fields. ICRP-26 and the proposed 
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changes in quality factors require an assessment of neutron organ 
dose and improvement in neutron dosimetry capabilities. 

The Neutron and Beta Programs are structured by tasks that 
address specific problem areas. Work is accomplished by a unique 
combination of contracts and subcontracts which focus the best 
possible expertise on the task. National laboratories, 
universities, and private companies act as subcontractors to PNL 
to accomplish this research. Consulting committees are used to 
guide program developments, and interactions with the National 
Bureau of Standards assure that measurements and results are 
consistent with national standards. 

DOSIMETER DEVELOPMENT 

Beta Dosimeters 

New dosimeter configurations and materials are being 
developed as well as innovative techniques for evaluating 
dosimeter results. These include: 

• A laser readout for conventional and experimental TLDs was 
developed, a prototype built, and problems limiting the use
fulness of the concept identified. TLDs are being evaluated. 

• A thin LiF dosimeter bonded to a graphite backing was 
developed to provide superior beta response. The units are 
being evaluated in badge configurations. 

• Optically-stimulated luminescence dosimeters use light to de
excite trapped electrons in solid-state materials which then 
emit fluorescence radiation that is detected by a 
photomultiplier. The technique is used to anneal and read 
out dosimeters without increasing the temperatures. 

• A re-evaluation of exoelectron dosimeters has occurred 
because of the recent development of new materials that are 
more sensitive than TLD materials and do not exhibit an 
energy dependence. Their superior performance has been 
demonstrated, resulting in their incorporation into a 
dosimeter for evaluation. 

Neutron Dosimeters 

In response to trends toward revising dose equivalents, 
standards, and limits, new dosimeters being developed include: 

• An interim dosimeter was developed consisting of 
thermoluminescent (TL) and track-etch (TE) elements in a 
combination TL/TE dosimeter (TLD/TED). Neutrons above about 
100 keV are detected by the TED plastic, CR-39. Lower
energy neutrons are detected by the TL component. The 
combination TLD/TED can nearly match the existing fluence
to-dose equivalent conversion curve. 

• A newly-proposed personnel neutron dosimeter counts the noble 
gas atoms released from a solid matrix material by collision 
events that can be related to neutron dose. A laboratory 
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reader counts the noble gas atoms released by using a 
modified laser-induced fluorescence technique that shelves 
the noble gas atoms in a metastable excited state. Krypton 
and xenon atoms will be the first evaluated. 

• Recent findings regarding the sensitivity of optical fibers 
to neutron radiation show promise in detecting fast and 
thermal neutrons. Previous research was directed toward in
creasing radiation resistance of optical fibers. Optimizing 
their sensitivity will be key to their dosimetry application. 

• Neutron dosimetry devices using semiconductor detectors being 
developed include: diode devices that collect electron hole 
pairs as a result of proton adsorption, semi-conductor 
devices for measuring neutron dose using deep-level transient 
spectroscopy measurement techniques, and a spectrometer to 
determine the energy distribution of charged particles. 

• Superheated droplets are suspended in a solid-elastic or 
high-viscous liquid medium. When a neutron strikes a 
droplet, the energy from the recoil charged particle triggers 
the explosion of the droplet resulting in an acoustical 
signal which can be counted. In a solid medium, the gas 
bubbles are trapped and can be counted after an exposure as 
passive measure of the neutron dose. 

INSTRUMENT DEVELOPMENT 

Beta Instruments 

Instruments must provide a correct reading of absorbed dose 
in a mixed beta-gamma radiation field and be able to differentiate 
between penetrating and nonpenetrating components of the radiation 
field. Reduction in geometry dependence of survey meters must 
also be accomplished. 

• A thin scintillator (~5 mg/cm2
) was developed that shows 

excellent beta response; however, current cumbersome 
electronics make it impractical. Research is underway to 
develop a practical system using special scintillators to 
avoid the electronic complexity. 

• A combined thin and thick scintillator can discriminate 
against the signal from gamma events occurring in the thick 
scintillator. Only the beta particles will deposit energy in 
both scintillators which can be identified by pulse shape 
discrimination techniques. A laboratory model of this 
technique has been demonstrated (phoswich counter). 

• A thin proportional counter can be used to assist in 
separating the beta and gamma signals in a thick 
scintillator. The technique shows superior beta-gamma 
discrimination and less complexity than other techniques 
(phoswich). 

• Evaluation of survey meters has shown that a thin (1 to 2 em) 
ionization chamber with a large area (to compensate for loss 
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of volume) will be superior for beta measurements. Prototype 
chambers are currently under evaluation. 

Neutron Instruments 

Instruments are being developed and sought that satisfy new 
measurement criteria; that are energy independent, economical, 
rugged, and easy to use; and that measure all types of radiation. 

• The total dose meter is a small personnel monitor that 
simultaneously measures the dose equivalent from photon and 
neutron radiation with a single tissue equivalent pro
portional counter (TEPC). A unique determination of total 
dose equivalent from all penetrating radiations is possible. 

• A prototype field neutron spectrometer has been built to 
determine neutron quality factor and dose equivalent in the 
workplace to determine calibration factors for dosimeters and 
other instruments. The system consists of 3He and TEPC 
detectors, a modular multichannel analyzer, and a micro
computer. Components are packaged into a unit the size of a 
small suitcase. Programs were developed for the 3He and TEPC 
data analyses, including display of the raw data, analyzed 
spectra, average neutron energy, average neutron quality 
factor, and dose equivalent rates with an error estimate of 
measurement accuracy. 

CONCLUSIONS 

With changing regulations, the most accurate and sensitive 
measurement techniques must be available for protecting workers in 
the nuclear industry. The Neutron and Beta Programs provide an 
effective mechanism for evaluating and developing the latest 
measurement techniques. The techniques described span the range 
of efforts from laboratory evaluation to field applications. As 
concepts are generated for improving dosimetry, they will continue 
to be evaluated and developed with the objective of providing 
better radiation protection in the workplace. 
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INTERCOMPARISON OF FILM BADGE AND POCKET DOSIMETER 
FOR Tc-99m X-RAYS 
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ABSTRACT 

Intercomparison of film badge and pocket dosimeter for Tc-99m x-rays 

E.J. Gandsman and D.L. North, The Miriam Hospital and Brown University 
Providence, Rhode Island, 02906 

An intercomparison was made between the doses measured by film badges and 
pocket dosimeters for the personnel in a nuclear medicine department. The 
data was taken over a three year period (1984, 1985, 1986). The film badge 
data was processed by a commercial supolier (Siemens) and the pocket dosi
meters were read and recharged weekly by the Radiation Safety office. 

The dose measured by the pocket dosimeter was in very good agreement with the 
film badge reports. The correlation coefficient was 0.95 and the degression 
equation was: 

Dosimeter = .884 BADGE+ 61.9 

The measured mean ann~al dose was 226 mR for the film badge and 262 for the 
pocket dosimeter and the total dose range was 20-500 mR. 

This data shows that the dose measured by the nocket dosimeters is an ac
curate reoresentation of the dose recieved by the nuclear medicine personnel 
when compared to the commercially processed film badges. 

Previous intercomparison of these two personnel dosimetry devices was done 
only for x-ray technologists and the correlation was not as meaningful at 
the lower x-ray energies. 

This study demonstrates that the pocket dosimeters are an accurate and re
liable device for oersonnel monitoring in nuclear medicine. 
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SKIN DOSE ESTIMATES FROM RADIOACTIVE SKIN CONTAMINATION 

C.J. Tung, G.T. Peng and C.L. Tseng 
Institute of Nuclear Science 
National Tsing Hua University 

Hsinchu 30043, Taiwan, Republic of China 

ABSTRACT 

ICRP has established a secondary dose equivalent limits 
based on the deep dose equivalent index for the stochastic 
effects and the shallow dose equivalent index for the non
stochastic effects. One important contribution to the shallow 
dose equivalent is that from the radioactive skin contamination. 
Although skin dose estimates from such contamination are only 
regarded as qualitative procedures due to the imprecise 
measures of the percutaneous absorption of contaminants, the 
assessed result should be included in the individual's 
personal record if it exceeds one-tenth of the appropriate 
dose equivalent limits. In this work, we have examined the 
effects of the percutaneous absorption of pig's skin for 
several radioactive compounds both in the dry state and the 
aqueous state of different pH values. A practical methodology 
has been developed for ·determining the maximum beta-ray energy 
and the skin dose equivalents at various depths based on the 
Loevinger formula and the depth-activity distribution according 
to the pertaneous absorption data. 
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RELATIONSHIP BETWEEN Q DEFINED IN TERMS OF y FOR 1 pm 
SITES AND INITIAL RADIATION DAMAGE* 

L.A. Braby, W.E. Wilson, and N.F. Metting 
Pacific Northwest Laboratory, Richland Washington 

ABSTRACT 
The recent suggestion that quality factor (Q) be defined in 

terms of lineal energy (Y) rather than LET (IN 86) requires 
specification of the diameter of the site to be used. Since 
present knowledge of the mechanisms leading to effects of 
radiation is insufficient to specify the exact site size, an 
arbitrary choice of site size must be made. A site size of one or 
two micrometers has bee~ recommended because it can be simulated 
by tissue equivalent proportional counters, making Q a measurable 
quantity. However, it is not immediately obvious that y measured 
in a 1 pm diameter site is relevant to the biological 
effectiveness of different radiations. Monte Carlo track 
structure calculations have been used to determine the 
distribution of energy deposition for protons and electrons at a 
variety of energies in 10 nm and 1000 nm diameter sites. The 
results indicate that measurements using large sites can be used 
to provide a satisfactory estimate of energy deposition in small 
sites and can thus be used to predict biological effectiveness, 
even if the effect depends on the concentration of damage in very 
small sites. 

INTRODUCTION 
Many years ago an experimental technique for measuring the 

energy deposited in microscopic volumes was introduced (RoSS). 
This technique was originally intended as a method for measuring 
LET, and thus a way to determine the mean quality factor of 
unknown radiation fields. Tissue equivalent proportional 
counters are still used in this way occasionally, but certain 
fundamental characteristics of radiation interactions place 
limitations on the relationship between LET and energy deposition 
in small sites. The study of these energy transfer processes and 
the resulting stochastics of dose in small regions has come to be 
known as microdosimetry. It has been proposed that the 
microdosimetric quantity lineal energy (Y) be substituted for LET 
in a new definition of Q (IN 86). The advantages to such a system 
include the fact that y can be measured directly (while LET must 
be calculated from the mass, charge and velocity of the ionizing 
particle), that reasonably simple relationships between y and RBE 
have been found for many biological systems (Bo83, Ph87) and that 
y is more nearly related to the actual energy deposition in cell 
nuclei than is LET for those radiations where energy loss, 
straggling and delta ray escape may be important. These include 
most radiations of practical importance in protection from 
external sources. However, there are also disadvantages to a 
definition of Q based on y. Such a definition requires choosing 
the diameter of the site for which y will be specified. It is 
unlikely that a single site size is relevant to all biological 
systems and endpoints. Furthermore, data on the biological 

*Work supported by U.S. Department of Energy Contract 
DE-AC06-76RLO 1830 4 C) (1 
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effectiveness of unusual radiations such as very soft x-rays 
(Go77) and molecular ions (Ro84) show that the initial damage 
responsible for common biological effects is governed by energy 
deposition in very small sites, on the order of 10 nm. 

Current experimental techniques are limited to a minimum 
simulated site diameter of about 300 nm by the requirements of the 
gas gain mechanism. For low energy charged particles (range 
comparable to or less than the simulated site diameter), the 
energy deposited approaches the energy of the charged particle, 
and y depends directly on the site size. However, these short 
track radiations are relatively minor problems in radiation 
protection; x-rays below a few keV do not penetrate the body and 
neutrons below 100 keV are important primarily when the source is 
well shielded. This discussion will deal only with radiations 
which transfer energy via charged particles with range larger than 
the diameter simulated by the detector. For these long track 
radiations y is a slowly varying function of the site size. 

ENERGY DEPOSITION IN SMALL SIGHTS 
The primary tool for studying the energy deposition in small 

sites is track structure simulation by Monte Carlo techniques. 
Using suitable atomic cross section data the position of each 
ionization produced by a charged particle and its secondaries can 
be calculated (Wi80). The most noticeable characteristics of such 
tracks are the occurrence of occasional clumps of ionizations, and 
delta rays which often carry significant quantities of energy away 
from the path of the primary ion. The results of soft x-ray and 
molecular ion experiments suggest that the concentration of 
several ions in a small cluster may be responsible for the 
biochemical changes which initiate the biological effect. These 
clusters can be caused by the random occurrence of ionization 
along an ion or delta ray track, by the overlap of two or more 
elements of a track (for example,a delta ray track turning and 
crossing the primary ion track), or from the decreasing mean free 
path for ionization rear the end of an electron's range. Thus the 
question of the relationship between measurements in a relatively 
large site and effects in sites a few nanometers in diameter can 
be divided into two parts; the ionization produced by the primary 
ion and that produced by delta ray events. 

Figure 1 shows the ratio of the mean lineal energy in a 10 nm 
site to the mean in a 1000 nm site as a function of proton energy. 
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It is evident that the lineal energy in the small site is less 
than in the large site. This is due primarily to transport of 
energy outside the small site by delta rays. Furthermore, the 
ratio is relatively constant down to a few MeV, indicating that 
energy deposited in ~m diameter sites can be used as a reasonable 
indicator of mean energy deposited in much smaller sites. At the 
lower energies the range of delta rays is short and less energy is 
transported outside a small site. In this region the overlap of 
ionizations produced by the primary and those produced by the 
delta rays becomes more significant, but even in the extreme case 
the ratio of means changes by only about 50% while the stopping 
power changes by approximately a factor of ten. 
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FIGURE 2. The distribution functions for protons crossing through 
the centers of 10 nm and 1000 nm sites. 

If it is the relatively large energy deposition events which 
are relevant biologically, then one must consider the shape of the 
distribution of events in addition to their means. Distribution 
functions shown in figure 2, give the probability that an event 
will deposit more energy per unit path length than y. For large 
site sizes this distribution is a steep curve. For small sites 
the curve is less steep and crosses the large site curve at about 
0.7. Thus for protons from 0.5 to 20 MeV crossing 10 nm sites, 
the effect of increasing the site size is simply to narrow the 
distribution of energy deposition events, and increase the mean 
lineal energy by including some delta ray ionizations which would 
occur outside a smaller site. The difference between those curves 
is less for event sizes greater than the median than it is for the 
smaller events. Thus, for the portion of the energy deposition 
distribution assumed to be most relevant to the production of 
biological damage, the large events in small volumes, the energy 
deposition measured in larger sites would provide a better 
indication of biological effectiveness than would be suggested by 
a simple comparison of mean values. 

Approximately one third of the energy deposited in matter by 
protons with initial energy greater than 3 MeV is carried beyond a 
5 nm radius around its track by secondary electrons (delta rays). 
Experimental work using relatively large simulated site sizes 
(Gl72) suggest that if only delta rays interact with a site the 
energy deposition is nearly independent of the primary ion energy 
as well as the distance from t~~te to the track. This can be 
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understood based on the characteristics of electron tracks. An 
electron can transfer any fraction of its energy to another 
electron in a collision so a characteristic distribution of 
electron energies develops after monoenergetic electrons have 
undergone only a few collisions. Thus electron spectra differ 
only with respect to the frequency of the highest energy 
electrons, and since these have low stopping power they contribute 
very little to the energy deposition distribution. To illustrate 
this for very small sites the lineal energy in random 10 nm 
diameter sites irradiated by electrons of different initial 
energies is illustrated in figure 3. It is evident that the 
distribution of delta ray events is essentially independent of the 
initial particle energy. Thus the energy deposition in large 
sites, which is a good indication of the total amount of energy 
transferred by delta rays, can be used to estimate the amount of 
biological damage caused through this mechanism as well as that 
caused by the primary ionizations. 

REFERENCES 
Bo83 Bond, V.P., and Varma, M.N. 1983 "A Stochastic, Weighted 

Hit Size Theory of Cellular Radiobiological Action" Radiation 
Protection ed by J. Booz and H.G. Ebert Commission of the 
European Communities. 

Gi72 Glass, W.A. and Roesch w.c., 1972 "Measurement of 
Ionization Distribution in Tissue - Equivalent Gas" Rad. Res. 
49' 4 77-494. 

Go77 Goodhead, D.T., 1977 "Inactivation and Mutation of 
Cultured Mammalian Cells by Aluminum Characteristic Ultrasoft 
X-rays" Int. J. Radiat. Biol. 32,43-70 

IN86 International Commission on Radiation Units and 
Measurements, 1986 "The Quality Factor in Radiation Protection" 
Report 40 ICRU Bethesda. 

Ro55 Rossi, H.H. and Rosenzweig, W., 1955 "A Device for the 
Measurement of Dose as a Function of Specific Ionization" 
Radiology 64, 404-410. 

Wi80 Wilson, W.E. and Paretzke, H.G., 1980 "Calculation of 
Ionization Frequency Distributions in Small Sites" Rad. Res. 
81, 326-335. 

·.• [. '> 1~1 ,) t) 



DEPTH DOSE PROFILES RESULTING FROM BETA 
EMITTERS ON THE SKIN SURFACE 

R. I. Scherpelz and W. D. Reefa~ 
Pacific Northwest Laboratory 

INTRODUCTION 

Contamination of the skin by beta emitters is a common health 
physics problem for workers at nuclear facilities. Several 
different methods are in use for evaluating dose from skin 
contamination, and the different methods often give conflicting 
results. The depth dose profile is critical to understanding 
the stochastic and nonstochastic damage to skin tissues. A 
computer code called VARSKIN has been developed at PNL for the 
evaluation of beta skin dose using the specific energy deposi
tion tables of Berger. VARSKIN has been used to evaluate depth 
dose profiles in the first two millimeters of skin for several 
different contamination geometries (point source, finite disk 
source, infinite plane source), and for a number of different 
radionuclides of interest to the health physics community. 

COMPUTER CODE VARSKIN 

VARSKIN [1] was developed to evaluate skin doses resulting 
from beta-emitting contamination on the skin surface. VARSKIN 
assumes that the beta-emitting radionuclides reside on the skin 
in one of three configurations: a point, a thin disc, or an 
infinite plane. The code calculates the beta dose to a thin 
layer of cells at a user-input depth below the skin surface 
(typically 0.007 em, matching standard recommendations for the 
critical depth). The dose is calculated at a number of points 
at the chosen depth, and these calculated dose values are 
smeared into an area-averaged dose. This smeared dose is 
calculated over a circular area centered below the center of the 
contamination region, and the area for the smeared dose is 
chosen by the code user (typically 1 cm 2). 

The dose calculation in VARSKIN is based on the tables of 
specific absorbed energy published by Berger [2]. The specific 
absorbed fraction accounts for the fraction of emitted energy 
absorbed in a sphere of water centered about a point source of 
beta-emitters. The dose to any point is calculated in VARSKIN 
by performing a point-kernel integration over the source region. 
Doses are calculated to a number of points at the dose level. 
The choice of dose points is guided by first finding the maximum 
range of betas. This range allows the determination of an area 
under the center of a disc source that is essentially exposed to 

(a) Work supported by the U.S. Nuclear Regulatory Commission 
under a Related Services Agreement with the U.S. 
Department of Energy under Contract DE-AC06-76RLO 1830, 
NRC FIN B2863. 
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an "infinite plane" of beta emitters. Only one dose point needs 
to be chosen in this region, since all dose values will be the 
same. The range also allows the determination of a region 
beyond the boundary of the source which is exposed to zero dose. 
The region of varying dose lies between the inner infinite-plane 
region and the outer zero-dose region. VARSKIN chooses 26 dose 
points in this boundary region. This scheme of choosing dose 
points enables an efficient smearing of the dose over the 
appropriate dose area. 

VARSKIN reads specific absorbed energy fractions and 
other values from a library containing data for about 75 
radionuclides. VARSKIN can include from one to five radio
nuclides in a calculation. 

DEPTH DOSE CALCULATIONS 

VARSKIN was used to calculate the depth dose profiles for a 
number of beta emitters residing on the skin in several dif
ferent contamination configurations. For each radionuclide of 
interest, a series of VARSKIN calculations was run for a point 
source. Each of the calculations assumed a different depth, 
ranging from 0.007 to 0.15 em. For each VARSKIN run, smeared 
area doses were ignored; only doses to points on the dose 
surface were used. The distribution of doses along the points 
at a given depth were recorded and plotted. A three-dimensional 
plot was then drawn up with a curve for each of the critical 
depths. 

After the series of depth dose profiles was calculated for 
the point source, another series of calculations was performed 
for a disc source with radius 0.1 em, and a third series of 
calculations was performed for a disc source with radius 0.5 em. 

The depth dose profiles for point- and disc-source skin 
contaminations composed of 9esr/ 9ey are presented in Figures 1 
and 2. The vertical axes of these graphs represent dose. There 
is no numbering on the vertical axis because the actual dose 
values depend on the source strength of the contamination, and 
the depth dose profiles will have the same relative shapes no 
matter what the absolute values. They-axis corresponds to 
depth in the skin; a "picture" on the back wall of the graph 
indicates the approximate depths of the various regions of the 
skin. The x-axis of the graph corresponds to positions parallel 
to the surface of the skin. 

CONCLUSIONS 

An examination of the graphs presented here indicates that 
beta doses fall off rapidly with depth in the skin. This 
effect, of course, is a direct result of the limited range of 
betas in skin. The point source profiles are much more sharply 
peaked than the disc source profiles, and the dose values fall 
off much more sharply with depth. This effect reflects a near 
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1/r2 dependency for a point source. The area-averaged dose to 
the skin would be far smaller than the maximum point dose value 
shown on the graph. The peak value falls off rapidly with 
increasing depth: at 0.050 em, the maximum dose is only 1.3% of 
the maximum dose at 0.007 em; at 0.1 em, the maximum dose is 
0.2% of the 0.007-cm maximum; and at 0.15 em the maximum value 
is less than 0.1% of the 0.007-cm maximum. 

The disc source profiles fall off much more gradually with 
depth. For the 0.5-cm disc source, the peak value at a 0.05 em 
depth is 34% of the 0.007-cm maximum; at 0.1 em, the maximum 
value is 19%; and at 0.15 em the maximum value is 13% of the 
0.007-cm maximum. 

These depth dose profiles illustrate the dramatic dif
ference between disc and point sources for producing doses at 
different skin depths. In evaluating an actual case of skin 
contamination, the health physicist must be careful to 
accurately assess the nature of contamination on the skin 
surface. The issue of area-averaging doses also plays a crucial 
role in arriving at a dose: the dose to a small point will be 
far higher than the dose averaged over a larger area. 
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RECOMBINATION CHAMBER AS A DEVICE FOR DIRECT DETERMINATION 
OF AMBIENT DOSE EQUIVALENT OF MIXED RADIATION 

M. Zielczynski 
Institute of Atomic Energy, 05-400 Swierk, Poland 

ABSTRACT 

The recombination chamber is a LET-dependent detector based 
on the columnar recombination phenomenon in high-pressure TE-gas. 
It is shown that response of the recombination chamber about two 
litres in volume and with walls lg/cm2 in effective thickness 
is proportional to the ambient dose equivalent of mixed radiation, 
practically of any composition and of any energy spectrum. 
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ACTIVITIES AT THE SWEDISH NATIONAL INSTITUTE OF RADIATION PROTECTION 
(NIRP) FOR THE CONTROL OF HAZARDS FROM NON IONIZING RADIATION 

Enn Kivisakk 
The Swedish National Institute of Radiation Protection 

INTRODUCTION 

In 1976, the Swedish radiation protection legislation was amended to 
give NIRP the task to design and carry out a programme for the control of 
hazards from non ionizing radiation. 

Initially optical radiation, laser and UV, was given priority in that 
programme because of the rapidly increasing use of optical sources for 
various purposes. A number of studies of emission characteristics, espe
cially of UV sources, used for medical and cosmetical treatments, were 
carried out (1,2,3 and 4). In later years, the programme has become more and 
more focused on electromagnetic radiation and fields in the radiofrequency 
range, especially at very low frequencies. 

OPTICAL RADIATION 

Regulations concerning laser equipment calling for type-testing of all 
devices prior to marketing in Sweden have been issued by the NIRP (5). The 
testing, which is carried out by the National Testing Institute located in 
Boras, includes a classification procedure and an inspection of the technical 
protective devices. The technical substance in these regulations is in close 
correspondence with that of the IEC Publication 825. 

NIRP has also issued regulations concerning work with lasers with the 
objective to protect the general public against harmful laser radiation (6). 
The regulations contain, among other things, rules for the set-up and 
operation of laser light shows. 

One well-known result of the activities concerning optical radiation at 
NIRP is the set of sun-lamp regulations issued in 1982 (7). In these 
regulations limiting values are given for radiation at the treatment 
distance. 

The source of optical radiation which causes by far the greatest number 
of detrimental effects is however the sun. Induction of various kinds of skin 
cancers by solar UV-radiation is one such effect which is causing health 
authorities in Sweden and also in the other Nordic countries growing concern. 
The rapid annual increase of cases of in particular malignant melanomas is 
now acknowledged as a serious threat to the health of the general public. 

In 1960 there occured 3.2 cases of malignant melanomas per 100 000 in 
Sweden, in 1980 the corresponding number was 11.5. These incidence numbers 
are age adjusted to 1970. The annual incidence has thus more than tripled 
over these two decades and the annual increase is now 6% indicating a doub
ling time of approximately 12 years. 

45B 



NIRP has during the latest years carried out several studies of solar UV 
intensities in Sweden and in popular vacation resorts such as the Canary 
Islands (8,9) and also funded such studies at external reseach laboratories 
(10). The material thus obtained is intended to be used in information cam
paigns with the objective to teach people sensible sun habits, which are now 
planned by public health authorities on central as well as local levels of 
the society. 

LOW FREQUENCY ELECTROMAGNETICAL FIELDS 

In the early eighties alarming reports about adverse pregnancy outcomes 
and birth defects among female VDU (Video Display Units) operators reached 
Sweden from the United States and Canada. These reports were published in the 
Swedish news media and caused a lot of concern at the Swedish office working
places, which at that time were in the beginning of the computerization pro
cess. 

Because in many of the reports radiation was suspected to be the causal 
factor, an extensive study of emitted electromagnetic radiation and fields 
of various kinds from such equipment was carried out by L-E Paulsson et al at 
the NIRP laboratories for non ionizing radiation (11). The report from this 
study includes measurements of about 45 different makes of VDU's. The measu
rements continued however after the report was completed - now usually on com
mission from manufacturers. At the conference "Work with display units 86" 
held in Stockholm in the spring of 1986 Paulsson reported statistics from mea
surements of 147 different types of VDU's (12). 

Figure 2 from (12) illustrates the distribution of measured magnetic 
induction (dB/dt) at the distance of 30 em in front of the unit. The values 
in the figure are peak to peak values of the dominating component of the 
field, which usually is vertical. The lowest value recorded among these 147 
types was 4 and the highest 345 mT/s i.e. a ratio of almost 100. 
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Figure 2. Statistical distribution of magnetic induction for 147 types of 
VDT's. 
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The measurements also showed that there was a trend towards higher 
magnetic field intensities caused by the desire for better visual ergonomics, 
which can be obtained for instance by using positive image polarity. Such 
dem&nds lead to higher horizontal frequencies, usually resulting in high 
values of the magnetic fields. The measurements however also showed that this 
is not necessarily always the case. Units with high horizontal frequencies -
in the interval 30 - 65 kHz - could also be found with low values of the 
magnetic fields. 

The observations made during this series of measurements enabled NIRP to 
state low levels of emitted magnetical and electrical fields, which are 
technically achievable without impairing good performance from other aspects 
such as visual comfort and ergonomics (13). 

Recently a voluntary testing system for video display terminals 
including keyboards has been established in Sweden on an irritative from the 
Swedish goverment. The Swedish National Council for Metrology and Testing was 
given the task - in collaboration with sevaral other national authorities and 
organisations, among them NIRP - to elaborate methods for testing of VDU's 
and keyboards and also accreditate laboratories for the voluntary testing of 
such equipment. The NIRP laboratories recieved accreditation in June 1987, 
and are so far the only accredited laboratories in the country. 

The testing programme (14) is extensive and covers 45 different 
properties of the display unit and keyboard: 

VDU 
Visual ergonomic properties 
Emission properties 
Physical design 

19 
7 
6 

Keyboard 
Ergonomic properties 
Physical design 
Other properties 

4 
5 
4 

In a guide which will be published by the National Council recommended 
values etc. are given for the properties included in the test programme. For 
the emission properties these recommended values are based on the 
abovementioned report from the NIRP (13): 

Static electricity: The equivalent surface potential should be within the 
the interval +/- 500 V. 

Magnetic fields: 

Electrostatic lead off 
than 100 Megaohms 
dB/dt below 25 mT/s at 
B II 100 II 

in the keyboard - resistance less 

a distance of 0.5 m 
It II 

No magnetic emission during longer intermissions 
The magnetic field intensities are measured in the frequency range l kHz to 
400 kHz. 

IRP has initiated and finances several studies at external reseach 
laboratories, in order to clarify possible relationships between exposure to 
low frequency electromagnetic fields and biological effects. In two succesive 
studies the possible teratogenic effect of pulsed magnetic fields of similar 
kind as emitted by VDU's has been examined in pregnant mice (15,16). The 
studies have however yielded conflicting results. 

In the first study, conducted by B. Tribukait at the Karolinska 
Institute in Stockholm, a slight overrepresentation of malformations was 
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found in the exposed foetuses. The study was however to small to allow for 
definite conclusions. In the second one, which was designed to extend the 
earlier experiment and thus included greater number of animals, no increase 
in the number of malformations was found - not even among dead foetuses. 
However the number of placental resorptions and of dead foetuses were higher 
in the exposed females. This had not been the case in the first studie. 

An explanation for the different results in these experiments may be the 
fact that different strains of mice were used which may differ in their 
sensitivity for the applied electromagnetic fields. Therefore further 
experiments in order to clarify this are planned by NIRP. 

NIRP has also initiated experiments in order to clarify possible 
ralation-ships between exposure to electrostatic fields from VDU's and skin 
disorders. At the time of writing (Nov 1987) no definite results are 
available, but so far no obvious, simple correlation has been found. 
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SAFETY OF DIAGNOSTIC ULTRASOUND 

Dietrich Harder and Karl Giese 
Institute of Medical Physics and Biophysics 

Gosslerstrasse lOf, D-3400 Gottingen, West Germany 

ABSTRACT 

van.oos nat.ional and int.ernat.ional organisat.ions have adopt.ed t.he pat.ient. 
exposure limit.s originally proposed by t.he AUIM, i.e. 100 mW/cm2 and 50 
J/cm2. The review will cover 
* these exposure limits in the light of present knowledge, 
* techniques of exposure measurement., 
* assessment. of present pat.ient. exposure. 

The conclusions will include 
* present. clinical recommendations for exposure limit.at.ion, 
* present aims of ultrasound bioeffe~ts resear~h. 



EFFECTS OF 2450 MHz MICROWAVE RADIATION ON MEIOSIS 
AND REPRODUCTION IN MALE MICE 

E. Manikowska-Czerska, 
Electrical Engineering Department 

University of Maryland 
College Park, MD 20742, USA 

and 

P. Czerski and W.M. Leach 
CDRH/Food and Drug Administration, Rockville, MD 

ABSTRACT 

The paper presents a series of studies to examine effects of continuous 
wave 2450 MHz radiation on meiosis and on chromosomes of germ cells in male 
CBA/CAY or ICR mice, by means of the spermatocyte (SCT), heritable trans
location (HTT) and dominant lethal (DLT) tests(l). Animals were exposed in an 
environmentally controlled waveguide system during two consecutive weeks, 30 
min daily, six days a week. Specific absorption rates (SAR) were used in the 
range from 0.05 to 20 W/k~. With the SCT, it was demonstrated that chromo
somal translocations can be induced by exposure during the first meiotic 
prophase, particularly during initial and early pachytene stages. The HTT 
re•ult• demonstrated tha~ balanced tranalocation• may be recovered amona off
spring of exposed males. The DLT provided confirmatory data on effects during 
prophase and indicated that chromosomal damage may be also induced by exposure 
of spermatids, during the maturation stage, and of spermatozoa. No changes 
were observed in spermatogonia. Thus, the effects of exposure were limited to 
one spermatogenic cycle. Genetically significant effects were induced at an 
SAR of 2 W/kg in the testes. For comparison, an SAR of 0.4 W/kg is used 
commonly as a basis for occupational exposure limits. 

1 lntl. Commission for Protection against Environmental Mutagens and Carcino
gens (ICPEMC): Committee 1 Final Report. Mutat. Res. 114, 117-177, 1983. 

464 



RADIOFREQUENCY RADIATION 
SAFE WORKING PRACTICES IN THE ROYAL AUSTRALIAN AIR FORCE 

Wing Commander K.H. Joyner (Ph. D.)* 
Wing commander K.R. Stone 

*TELECOM Australia Research Laboratories EMC Section, 
770 Blackburn Road, Clayton, Victoria 3168 

The Royal Australian Air Force (RAAF) has long recognised 
the value of its workforce and the need to preserve their health 
and wellbeing to achieve operational objectives. 

The Directorate of Air Force Safety (DAFS) is required by 
the Chief of the Air Staff to take all measures possible to prevent 
accidents and incidents in the RAAF, under the provisions of the 
Defence Instruction, 'Air Force Safety and Occupational Health 
Policy'. Consequently, the RAAF has exercised a pragmatic approach 
to radiofrequency radiation (RFR) and has always adopted and 
implemented strict exposure standards. DAFS receives technical 
advice on RFR from the Directorate of Telecommunications Engineering 
(DTELENG) and on occupational health from the Directorate General 
of Air Force Health Services (DGAFHS). 

BEFORE 1981 

Microwave radiation safety procedures were well established 
in the RAAF by the early 1960s. The RAAF accepted as a safe 
standard, that humans should not be exposed to microwave radiation 
at an average power density of ~reater than 10mW/cm2. An average 
power density of between 1mW/cm and 10mW/cm2 was considered 
safe for incidental or occasional exposures, but a power density 
of less than 1mW/cm2 was required for indefinitely prolonged 
exposures. Personnel were warned by Air Force Orders of the 
possible dangers to human tissue from exposure to microwave 
radiation and to avoid prolonged exposure to the primary beam 
of radars at less than 200 feet (about 60 metres). 

Where aircraft radars were tested on the ground, operators 
were required to ensure that antennas were directed to open space 
and hazard areas delineated by warning signs, flags, and rope 
barriers. Some maintenance workshops illuminated flashing red 
lights when radars were tested, which restricted personnel from 
entering proscribed RFR hazard areas. 

A broad publicity and training programme, which included 
publishing specific warnings in Base Routine Orders, ensured all 
personnel, not just technicians, were well aware of the possible 
hazards of microwave radiation exposures. 

The effects of RFR energy on munitions and fuels were also 
stressed and under specific Defence Instructions, RAAF technicians 
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maintaining radars were also monitored for coincidental exposure 
to ionizing radiation from high voltage tubes, a practice which 
continues today. 

In the mid-1960s, the Air Force purchased a set of broadband 
isotropic microwave radiation monitors for use by their Specialist 
Reserve consultants to establish compliance with the standard of 
the day. The need for each RAAF Base to have a set of monitoring 
equipment to check exposure situations that arose mainly in 
maintenance workshops and deployable communications units was 
recognised in the mid-1970s and 14 sets of monitors were 
distributed. Unfortunately, these meters were not robust and 
within a few years, over half of the sets were unserviceable. 

POST 1981 

In 1981, DGAFHS commenced a comprehensive survey of all RFR 
emitting equipment on RAAF Bases in response to a heightened 
general awareness of RFR hazards. These surveys were performed 
by one of us (K.H.J.) and all recommendations resultant from it 
were consistent with the proposed limits of the new Australian 
RFR exposure Standard being developed at the time. This 
development of a new Australian standard was being performed by a 
committee of the Standards Association of Australia, of which one 
of us (K.H.J.) was a member. 

This new exposure standard, which became Australian Standard 
AS2772-1985 (Ref.1), was fully subscribed to and adopted by the 
RAAF as its operative exposure standard on the recommendation of 
the authors. 

The occupational exposure limits contained in AS2772-1985 
are illustrated in Figure 1. Note, however, that these limits 
refer to values averaged over any one minute period. For periods 
of exposure of less than 30 minutes, the Standard permits the 
limits specified to be increased by a factor of 30/t, up to a 
maximum factor of 5, where 't' is time in minutes. Notwithstanding 
this relaxation, in an area where severe RF shocks and burns 
exist, the limited period exposure level is not to exceed 10mW/cm2. 
In an area where severe RF shocks and burns have been eliminated, 
the limited period exposure must not exceed 100mW/cm2. 

In addition, the peak pulse exposure level is limited to 
1000mW/cm2, which is a very stringent requirement for users of 
radar systems, particularly the military. A detailed discussion 
of the implications and implementation of AS2772-1985 can be found 
in Ref. 2. 

Australian Standard, AS2772~1985, is more restrictive and 
more complicated to administer than the Air Force standard it 
replaced. Consequently, a meeting of interested RAAF parties was 
convened in early 1986 to determine an implementation policy. 
The outcome of this meeting was as follows: 

Initially, radiation hazard distances for both ground and 
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airborne equipment would be determined by calculation 
and published in Special Technical Instructions (STis) 
for application by units. 

Where these radiation hazard distances created operational 
problems, immediate on-site surveys would be carried out in 
order to clarify requirements. 

The data gathered from the comprehensive Base survey 
programme would be used to verify the calculated radiation 
hazard distances. 

All radiation hazard distances would eventually be 
promulgated in technical equipment and ground maintenance 
instructions contained in Defence Instructions (Air Force) 
Australian Air Publications (Dis(AF)AAPs). 

A five year on-going Base survey programme would be 
established and administered by DGAFHS. 

A Ground Safety Instruction (GSI) would be issued by DAFS, 
detailing Base survey requirements, local monitoring 
requirements, and instructions for deploying aircraft and 
transportable units. 

Guidelines for continuation training and awareness 
programmes by Base Ground Safety Officers, which were to 
include detailed instruction of RFR hazards, and a 
requirement to regularly promulgate radiation hazard 
information in Base Routine Orders, were to be included 
in the GSI. 

BASE SURVEYS AND COMPLIANCE 

Of the fifteen major Air Force Bases, seven have been 
comprehensively surveyed, as well as two HF transmitting stations 
and the bulk of RAAF airborne equipment. On the basis of these 
surveys, a number of engineering controls have been instituted to 
achieve compliance with AS2772-1985. 

These controls have included the fitment of interlocks to 
ground based radars to stop transmission in the event of a loss of 
drive to the antenna or when remotely changing the bearing of a 
precision approach radar reflector from one runway to another. 
Screened viewing windows have been fitted in the cabinets of high 
powered radar transmitters to obviate the need to open the 
equipment if arcing is suspected. RFR absorptive screens have 
also been provided for some testing procedures. 

All Bases are now to be re-equipped with new broadband 
isotropic RF monitors. These monitors will be placed under the 
control of Base Environmental Health personnel, who will perform 
required RFR surveys, after being trained in their use. 
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Safe working practices have been instituted to achieve 
compliance with the Standard including the requirement for all RFR 
generators tested in the laboratory to be connected to a dummy 
load, or if this is not possible, the use of RFR absorbers. 
Similarly, antennas are required to be orientated to a safe 
bearing before transmission. The testing of aircraft communications 
inside hangars has been prohibited, as has maintenance on open, 
energised, wave guides. RFR hazard warning signs are required to 
be placed at appropriate distances from equipment under test and 
Base medical officers may, at their discretion, perform health 
surveillance on exposed individuals. 

CONCLUSION 

The RAAF has adopted the new Australian RFR exposure standard 
and instituted a comprehensive and co-ordinated set of procedures 
to implement that Standard, in an inter-disciplinary approach, 
involving scientific, health, safety and engineering professionals. 
On the basis of the comprehensive surveys performed, and the 
implementation of the strategies detailed in this paper, it can be 
concluded that RAAF personnel are not routinely exposed to RFR in 
excess of the allowable limits of AS2772-1985. 

100 

POWER DENSITY 

lmW/cm1 l 

For minor RF shock only. 

10t-----~IF severe RF shock possible. 

0.1+------,---r--~------r-----~.-----,-~----~ 
0.3 9.5 30 300 3x10

1 
3•10

4 3•10~ 
FREQUENCY ( MHzl 

FIG_ 1 EXPOSURE LIMITS- OCCUPATIONAL 

REFERENCES 

1. Australian Standard AS2772-1985 - Maximum Exposure Levels -
Radiofrequency Radiation 300kHz to 300GHz. Standards 
Association of Australia, 80 Arthur Street, North Sydney, 
N.S.W. 2060. 

2. Joyner, K.H. (1985). 'The Australian Radiofrequency 
Exposure Standard : Implications and Implementation'. 
Radiation Protection in Australia, l, (4), pp 135-140. 

468 



EFFECTS OF RF LOW LEVELS ELECTROMAGNETIC FIELDS ON PARAMECIUM PRIMAURELIA* 

S. TOFANI 0 +, B. TESTA 0 , G. AGNESOD 0 , L. TARTAGLIN0° and G.C. BONAZZOLA +§ 

opublic Health Laboratory - USL 40 - Ivrea, +National Institut of Nuclear Physics - Torino, 
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INTRODUCTION 
In the last years many studies have been performed to examine 

biological effects of prolonged exposure at electric field low 
levels (1-2). 
This great interest is linked to a specific interaction possibility, 
also related to the exposure length, between electromagnetic fields 
and biological systems without remarkable enhancement of organism's 
temperature. 
Hence the need to investigate in vitro the possible cellular regul.§:_ 
tion mechanisms involved in these interactions, varying physical 
exposure parameters. 

For these esperiments we choose ciliata protozoa Paramecium 
primaurelia as biological system.This is an interesting experiment
al model because; 
a) share certain membrane properties with nerve and muscle cells 
such as electrical excitability, presence of a Ca++ 
system, exocytotic ability and mobility. 
b) its division rate can be easily directly determined. 

transport 

c) there are several mutant types involving alterations in ion pe£ 
meability and Ca++ transport. 

In a first moment the influence of some physical parameters at 
constant frequency of 27.12 MHz (at various power density )has been 
studied on growth rate; the growth rate is able to give a comprehensive 
description of the cell system situation. 
At present we are trying to correlate the found effects with cyt~. 
skeleton structural modifications using immunofluorescence techni
ques. 

MATERIALS AND METHODS 
Cells of the wild type strains of Paramecium primaurelia were 

grown at 25°C according to the usual procedure (3) in Cerophyl inno 
culated the day before with Klebsiella aerogenes. 
For the experiments 24 depression plates with a single cell in each 
depression have been used. Plates had been exposed at 0 (sham-expos
ed), 1, 10, 100 W/m2 CW and square wave modulated at 72 Hz in a TEM 
cell. Modulation at 72 Hz has been choosen by many Authors (4) 

* This work was supported by Regione Piemonte- Grant n° 144 for Health Research and by the National 

Institute of Nuclear Physics - Section of Torino. 
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since it is similar to that emplo~ed in clinical applications to enhance 
bone healing. 

The TEM cell was connected to a signal generator and an amplifier 
through the 24 hours. The instrumental chain composed by a signal 
generator, an amplitude modulator , an amplifier, a bidirectional 
coupler, power sensors and a power meter allows the generation in
side TEM cell of an electromagnetic field at a frequency of 27.12 
MHz with an accuracy of~ 0.7 dB (5). 
The whole system is connected to a computer thal a::>::>ures constant 
conditions of electric field strength. 

By daily isolation before the exposure we had obtained isogenic 
lines used for every couple of plates; one for control group and 
one for the exposed one. 

The TEivl cell had been maintained at 25°C ± 0.2°C byahot air 
flow set by a feed-back system and placed in a climatized room. 
Temperatures of exposed cultures and of control groups were measur
ed by an optical fiber probe connected to a fluoroptic thermometer 
interfaced with a computer. 
The 0.4°C range has not influence on growth division rate (4). 
The cell cycle of Paramecium primaurelia takes nearly 8 hours. 

Cell number was determined by a microscopic examination. The 
daily division rates was calculated by taking the log2 of the num
ber of cells produced in each depression by a single cell after 24 
hours. Those depressions where we had the death of the cell, or we 
have no cell division (may be cell in autogamy) were not taken in
to account. 
We choose the 24 hours period because after this time the average 
number of paramecia in every depression is optimal for counting and 
statystical analysis. 
The experimental unit is the growth rate averaged on the set of 24 
depressions in a plate. 
Statistical analysis of the results was by Mann-Whitney's U test to 
compare means of growth rates between plates exposed to the same 
power density to the correlated isogenic control plates. 

RESULTS 
The advancement of percent variation of growth rate versus 

power density for CW and modulated exposures is shown in Fig.1. 
Tab. 1 reports the numerical consisten'-'y of ex}Jerimental groups and 
the statistical significance of thedifferent tests. 

We can observe that the percent variation of growth rate raises 
with increase power density as regards CW fields and decreases as 
regards modulated fields. 



Fig. 1 - Growth rate percent variation (A% T) of Paramecium primaurelia versus power density in air, 

under 27.12 MHz continuous wave (CW) and square wave modulated (M) conditions. 

As regards square wave modulated fields, power density value regards to the "on" phase. 
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Tab. 1 

N. plates 

N. isolated Paramecia 

N. counted Paramecia 

Mann Whitney 

SE 

6 

144 

1152 

N .S. 

[J-CW-

il:ITii -M-

-2.02 ± 4.98 

-5.90 ± 0.2 
4.5 

i Hi 

10 100 cw M cw cw M 

10 10 6 6 10 10 

240 240 144 144 240 240 

1972 1872 1195 1036 2280 1680 

N. S.- 5% N.S. -5% 1-5% 5% 1-5% 1-5% (N.S.= Not Significant) 

DISCUSSION AND CONCLUSIONS 
The first data emerging from analysis of above results, is the 

opposite pattern of growth rate variation depending on CW or modula! 
ed exposure. 
The pattern suggests that the wave shape of the electromagnetic 
t'ield is more 
cts on the cell 

important with regard to induction of effe 
than the amount of the energy carried by the 

wave. Concerning the electromagnetic field strength to which Para
mecia are exposed , it must be underlined that the true value of 
power density in culture medium is about 6400 times lower than in 
air. 

Previous studies show the influence of electromagnetic fields 
on Ca++ ions influx inside various type of cells ( 6), and in partic
ular the Paramecium (7). 
There's evidence for the involvement of Ca++ ion in regulation of a 
lot of different cellular mechanisms. In particular it influences po
lymerization of tubulin, polymer playing an important part in cyt~ 
skeletal organization of the cell (8). 
A first hypothesis of work concerning biophysical interpretationci 
obtained results, is that variations of growth rates is connected 



to an influence of electromagnetic fields on mitotic spindle micro 
tubules organization, mediated by Ca++ ion concentrationvariation 

To verify this hypothesis we are settingup a series of immun~ 
fluorescence experiments with the use of monoclonal antibodies anti 
- c{_ and anti-B tubulin conjugated with FITC, in order to detect the 
presence of some morphological alterations of Paramecia at mitotic 
stage depending on incident electromagnetic field features (9). 
In this way we think to have more useful data for the understanding 
of the opposite effects of growth rate of CW fields and of modulat 
ed fields. 
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EXPOSURE TO RADIOFREQUENCY (RF) IN INDUSTRY. EXAMPLES OF MEASURE
MENT AND IMPROVEMENT. 

Orsini S., Terrana T., Merluzzi F. 

Institute of Occupational Health, University of Milan - Via San 
Barnaba, 8 - 20122 Milan (Italy) 

Introduction 

During the last 20 years in Italy there has been a progressive 
increase in industrial use of radiofrequency equipment for heating 
materials, thus creating serious problems in terms of health-risk 
assessment for the workers involved and in terms of setting up pro
cedures and standards for prevention (2,7,8,9,12). It has recently 
been estimated (1985) that in Italy there are about 8000 apparatu
ses with approximately 12000 exposed workers mainly in the plastic, 
wood and metal-working industries (9). In the Occupational Health 
Institute of Milan a specific group has been dealing with RF appa
ratuses in industry since 1980 with a view towards occupational ex
posure, equipment improvement and medical surveillance. This paper 
reports the measurement results so far, some of the most meaningful 
equipment improvements, and considerations about the way and mate
rials to be used when designing RF equipment improvement. 

Methods -----Measurement of electric (E) and magnetic (H) field strengths 
was performed with an Aeritalia instrument model TE307 equipped 
with isotropic balanced sensors and a model TE308 optical fibre 
remote repeater(1). The survey on every piece of equipment was de
vided into three phases: 
1) study of the technical features of the machine and of the charac 

teristics of the working environment; 
2) analysis of the tasks and exposure times; 
3) measurement of radiation levels at the work station and compari

son of results with international standards and the proposed 
Italian standards (1982) for maximum values of electromagnetic 
fields at the work place (4); when needed, the measurements were 
repeated after the improvement. 

Results 

The survey results of the Occupational Health Institute of 
Milan are shown in Tab.1. Electromagnetic field average values, 
standard deviations and ranges are reported with reference to the 
work place for both metal-engeneering and plastic/wood industries. 
Table 2 illustrates the results of an improvement on a metal-wor 
king apparatus. Table 3 reports electric and magnetic field 
strengths for an unshielded machine and for a shielded one with 
the same main characteristics in the plastic industry. 

Discussion 

From Table 1 it can be seen that workers' exposure varies 
greatly depending on type of application, device power, electrode 
shape, source-worker distance and, mostly, on whether or not some 
proper shieldings have been implemented; these results are compa
tible with those of other authors (5,6,11). Table 2 and 3 show 
that, even where electromagnetic fields are very high, a successful 
improvement can be carried out. 



Result analysis of the improvement measures confirms, in agree 
ment with other authors (3, 10) that the factors influencing the -
shielding efficacy are: 

1) the metal shielding material used: at low frequencies,f<10 MHz, 
stainless steel or copper is recommended; 

2) the shielding surface: the greater the surface, the greater the 
efficacy of the screening device; if the shield is made out of 
wire netting, it should be kept in mind that the larger the 
mesh the lower the efficacy of the screening device; 

3) the thickness of the shield: efficacy increases with the thick
ness of the shield; 

4) distance between the shield and the source: the shield must be 
installed as far as possible from the source; 

5) grounding of the shields and metallic surfaces that can transmit 
the electromagnetic field at a distance must be separate and of 
suitable size according to the frequency of use. 

Finally it has to be pointed out that: 
a) generally, the material needed for the improvements is cheap and 

easy to use even on equipment that is already installed; 
b) when suitably designed and implemented, the improvements permit 

the electromagnetic field to be kept within the most stringent 
limits required by international regulations. 
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TAB. 1 - Technical characteristics and exposure values at the 
workplace. 137 RF apparatuses. 

TECHNICAL CHARACTERISTICS 

Number of apparatuses 

Frequency range (MHz) 

Power range (kW) 

Electric 
field 

(V/m) 

Magnetic 
field 

(A/m) 

average value 

standard deviation 

range 

average value 

standard deviation 

range 

METAL-WORKING 
ENGINEERING 

PLASTIC and WOOD i 
INDUSTRIES I ---------------- ---------------------1 

~~~---- --13,6 :

7 

~;----j 
1,5- 600 0,5 - 25 

38 103 

157 192 

2 - 2150 2 - 850 

1, 96 

3,47 

0,02 - 33 

0 t 18 

0,64 

0,02 - 1 

--------- _____________ _.__ ____ _ 



TAB. 2 - Metal engineering industry: horizontal metal tempering. 
Electric and magnetic field values before and after 
improvement (f = 300 kHz, P = 18 kW) 

--------------------,---
VALUE;__,~~LUES -;~-7M;ROVEM;;;l 

MEASUREMENT POSITION 

Eyes 

Trunk 

Gonads 

Transit area 

Adjoining work 
stations 

-----~----~--

INITIAL 

E 
(V/m) 

2150 

860 

430 

130 

25 

H E H _J,_I 

(A/m) (V /m) (A/m) 

33 

14' 5 

5,9 

0,3 

0,05 

36 

31 

46 

9 

1 

1 '5 

0,7 

0,5 

0,05 

0,05 

TAB. 3 - Plastic industry: welding of plastic materials. Values 
of electromagnetic field for non-shielded and shielded 
machineries (f = 27 MHz; P = 12-18 kW) 

NON-SHIELDED MACHINERY 
. -- ------------l 

SHIELDED ~ffiCHINERY 
MEASUREMENT POSITION 

E H E H 
(V/m) (A/m) (V/m) (A/m) 

----·---~~--------- -------------
Eyes 800 0,30 42 0,18 

Trunk-gonads 600-700 0,60 38 0,32 

120 em from 220 0,30 20-22 0,02 electrodes 

200 em from 75 0,20 8 < 0,02 
electrodes 

-------------' ---
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METALLIC IMPLANTS AND EXPOSURE TO RADIOFREQUENCY RADIATION 

K.H. Joyner. B. Hocking*, A.H.J. Fleming and I.P. Macfarlane 
Telecom Australia Research Laboratories 

770 Blackburn Road. Clayton, Victoria, 3168, Australia. 
*Telecom Australia, Human Resources Department, 

570 Bourke Street. Melbourne. Victoria, 3000, Australia. 

There is increasing use of radiofrequency radiation (RFR) 
in industry for communications. welding, security, radio, 
medicine, navigation etc. It has been recognised for some years 
that RFR may interact with cardiac pacemakers and steps have 
been taken to prevent this interference. It is less well 
recognised that other metallic implants may also act as antennas 
in an RFR field and possibly cause adverse health effects by 
heating local tissues. There are a large and increasing number 
of implants having metal components which may be found in RFR 
workers. These implants include artificial joints. rods and 
plates used in orthopaedics, rings in heart valves. wires in 
sutures, bionic ears. subcutaneous infusion systems and 
(external) transdermal drug delivery patchesl. The physician 
concerned with job placement of such persons requires 
information on the likelihood of an implant interacting with RFR 
so as to impair health. The following outlines the approach 
developed in Telecom Australia, beginning with the general 
principles and then presenting a discussion of a specific example. 

PRINCIPLES 

The following approach is used to assess the possible 
health hazard to staff with metallic implants who are exposed to 
RFR. 

l. Information is obtained on the 
anatomical location, geometry and type 
implant is then classified as either a 
solid, or combination thereof. 

type of implant. 
of metal used. 
rod, ring, plate, 

its 
The 

or 

2. Information is obtained on the frequencies. field 
strengths and likely duration of exposure. 

3. The interaction between the incident fields and the 
implant is then modelled using two approaches: 
(i) Where the maximum dimension of the implant is equal to one 
half of a wavelength of the RFR in tissue. Here the implant is 
behaving as a resonant object which is considered to be the 
worst case and a detailed analysis is necessary. 
( i i) Where the maximum dimension of the implant is less than 
one-quarter of a wavelength of the RFR in tissue. Here the 
implant is considered to be electrically short and simplifying 
quasi-static approximations can be used. 



Rates of energy deposition in surrounding tissues are then 
calculated. 

4. The effect of any excess heat in tissues surrounding the 
implant is then considered with due consideration to cooling 
efficiency and sensitivity of that tissue. The interaction must 
not cause more than a 1°C temperature rise. 

5. Medical advice is then given to the individual and to 
management on what precautions, if any, are to be taken. 

CASE EXAMPLE 

The above points are illustrated in the case of a 32 year 
old male radio technician who has undergone cardiac surgery and 
still has the wire sutures securing the sternum. 

1. The chest X-ray and clinical notes revealed lmm 
stainless steel wires forming loops and near-vertical twists of 
wire some 2mm in diameter (Fig. 1). These structures were 
classed as both rods (the wire twists) and rings. 

2. The subject is predominantly exposed to frequencies 
between 6 and 22 MHz at very low levels (<2mW/cm2) but the 
possibility exists of exposure to the allowable limit of 
25mW/cm2 for up to 8 hours with provision for a short term 
(<6 minutes) exposure limit (STEL) of up to lOOmW/cm2 
(AS2772-19852. Fig. 2). In future he may be required to work 
at frequencies above 30MHz where the exposure limit is lmW/cm2 
for up to 8 hours with provision for a STEL of 5mW/cm2. 

3. The interaction between the incident fields and the 
implants was assessed by the following two methods and 
subsequent tissue temperature calculated. 
(i) Although the implants shown in F'ig. 1 are a combination of 
wires and loops the approach was to first model the wire twist 
and then investigate the effect of adding the loop. This 
approach is justified because vertical electric (E)-fields 
produce the strongest absorption in the body and the wire twists 
are so oriented as to maximize pick up; conversely the loops are 
so oriented as to minimize pick up. In treating the case of the 
wire twists acting as half wave resonant objects in a complex 
medium, use was made of a mini-numerical electromagnetics code 
(MININEC) which is a method of moments analysis of thin wire 
antennas in free space3. The actual computer code used was a 
very recent and improved version written in PASCAL by Dr A.W. 
Davis*. The code was altered to accept a complex medium and 
currents calculated in the wire twists at resonance assuming an 
incident plane wave. These results compared favourably with 

* Dr A.W. Davis, College of Engineering, Virginia Polytechnic 
Institute and State University, Blacksburg, Virginia, 24061. 



others4. The effect of the loop on the induced currents in 
the wire twists was also investigated. The maximum E-field 
enhancement at a distance of half a wire radius from the tip of 
the implant was then calculated. The final two steps in 
arriving at a temperature rise included, (a) calculation of the 
fraction of the incident E-field that reaches the implant 
assuming a planar tissue geometry, and (b) calculation of the 
heat flow assuming a small cylindrical tissue volume centred on 
the tip of the implant. The temperature rises are listed in 
Table 1 for the resonant range of the implants of 1650 to 
3000MHz corresponding to wire twist lengths of 12 and 7mm 
respectively. At the STEL the tissue temperature rise exceeds 
1°c. 
(ii) 'l'he quasi-static approximation consisted of modelling the 
wire twists as prolate spheroids (the body obtained by rotating 
an ellipse about its major axis) and calculating the enhancement 
in the E-field at the tip of the implantS. That fraction of 
the incident E-field reaching the implant was found from 
calculations of the internal E-field distribution in whole body 
block models of man6. Note that the maximum induced E-f ield 
occurs at 80MHz where the whole body is acting as a resonant 
object. The resultant temperature rises at frequencies of 3, 
9.5 and 80MHz are also listed in Table 1. The frequencies of 3 
and 9.5MHz were chosen for calculation because the exposure 
limits reach maximum values of 100 and 10mW/cm2 respectively 
(Fig. 2). At the STEL the tissue temperature rise approaches 
1°c. 

Table 1 Tissue temperature rises at the exposure limits. 

r'requency Exposure Limits Temperature Rise 
(MHZ) (mW/cm2) (deg. C) 

1650-3000 1 0.27 
1650-3000 s (STEL) 1.4 

80 1 0.15 
80 s (STEL) 0.77 

9.5 10 0.011 
3 100 0.0045 

4. The implants are embedded in cartilaginous bone which is 
in contact with skin tissue capable of readily dissipating 
heat. Although some of the wire loops protrude inside the rib 
cage the most critical parts were found to be the tips of the 
wire twists which are external to the rib cage and not in 
contact with overtly sensitive tissue. 

s. The advice given to the subject and management was that 
work can proceed at exposure levels up to the occupational 
limits for frequencies below 30MHz. However, no STEL work is 
permitted particularly at frequencies between 50-150MHz and in 
the gigahertz range. 
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Future work will include the evaluation of 
particularly those in the skull, and solids such 
replacements. In addition experimental verification 
calculations is a priority. 

plates, 
as hip 
of the 

Figure 1: Schematic of sternum from the side 
showing wire implants. 
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RF FIELDS AT BROADCAST TRANSMITTING SITES 

G.E. HATFIELD 
BROADCASTING DIRECTORATE, TELECOM 

INTRODUCTION 

The purpose of broadcasting is to radiate information 
over large areas to randomly located receivers which may be 
mobile and use inefficient antennas. Quite high powers must 
therefore be radiated to provide reliable services, giving 
rise to RF fields which can exceed the Maximum Exposure 
Limits (MEL) given in AS 2772-1985 when close to the trans
mitting antennas. 

Measurements commenced in the early 60's have been 
expanded over the past 2 years and moved towards measuring 
all national broadcasting sites (over 400) and services 
(over 700) . Field levels measured are summarised below. 

2. TRANSMITTERS AND ANCILLIARIES 

2.1 Modern transmitters are generally well sealed with 
very few instances of levels exceeding even the non
occupational (24 hour) limits. Levels of 2 or 3 times 
the 24 hour limits may occur near adjusting knobs and 
meters, but can usually be reduced by simple means. 

2.2 Older MF and HF transmitters use discrete components 

3. 

rather than sealed assemblies and often include viewing 
facilities for the high power stages. They are also 
larger with more cabinets to be bonded together and 
interconnected, giving rise to attendant problems of 
RF leakage. Some are open at the top, and have open 
wire transmission lines passing over areas readily 
accessible to staff. 

Levels as high as 2.5 (A/m)2·magnetic field and 
5 x 106 (V/m)2 electric field have been recorded. 
However significant effects due to pick up in instrument 
leads below 1 MHz (found later) suggest that the E fields 
were in fact considerably lower - probably by an order 
of magnitude. Fitting open steel mesh (say 5 em grid) 
dramatically reduced these fields to below 0.005 (A/m)2 
and 2 x 103 (V/m)2 in the highest field locations-
near the coils and valves of high power stages (to 50 kW) 
and below transmission lines. 

VHF/UHF 

All transmitters in the National Service in 
Australia (TV started in 1956) are well sealed, though 
fields upto 104 (V/m)2 can be found near the ends of 
open circuit pyrotenax used in older RF loads. 



3. ANTENNA SYSTEMS 

3.1 At MF E fields picked up by instrument leads can 
cause measurement errors, which are worst close to 
antennas due to the high and fairly homogeneous fields 
and to the existence of a radial field - whereby leads 
cannot be in a lower field than the probe head nor can 
they be readily oriented for minimum pick-up. 

Proximity effects are also significant, with the 
presence of the measurers body altering the field. 
Recent series of tests using a variety of methods, 
combined with detail calculations by Dr K. Joyner of 
Telecom Research Laboratories, show lead effects as 
high as 30 times (on a power density or (V/m)2 basis) 
and body proximity effects up to 5 times. Measurements 
indicate that fields in the vicinity of a mast having 
a 240m earth mat of radial copper wires over poor earth 
and carrying dual 50 kW services (770 and 96° electrical 
height) are:-

25 m from mast 
150 m from mast 
240 m from mast 

E- 250 V/m 
20 V/m 

9 V/m 

H- 0.05 (A/m)2 
below 0.01 (A/m)2 

Transmitting antennas are also efficient receiving 
antennas. With 10 kW fed to short top-loaded standby 
antennas some 270 m away high fields exist near the base 
of the main mast. When a series of short circuits are 
applied (to the inputs of the antenna coupling units 
(ACU's) and across the mast base) the E field is reduced 
to 450 (V/m)2 and the H field rises to 0.1 (A/m)2 at 
250 mm from the base insulator. 

Much can however depend on the antenna current 
distribution. Short circuit locations may need to be 
chosen to alter the positions of current and voltage 
nodes to bring both E and H fields below AS 2772 limits 
at the base. As MF transmission 11nes are often 
electrically short the variation achievable can be 
limited, and detuning of ACU's may be necessary. 

Other large structures, such as mains power supply 
towers and their earth wires, can act as effective 
receivers and raise fields in their vicinity. A 
doubling of fields has been recorded. 

There can also be very high fields in the vicinity 
of open ACU's. Fields measured have exceeded 107(V/m)2 
and 100 (A/m)2. Most coupling units are however enclosed/ 
shielded. At stations of 100W or lower transmitter power 
all measured fields are below MEL except within 200 -
500 mm from open ACU's and the base of short antennas. 



3.2 At HF many of the older curtain antennas use short 

3. 3 

circuit and open circuit sections of balanced open wire 
transmission line as tuning stubs. With 50 kW and 100 kW 
transmitters fields of the order of 105 (V/m)2 and 
3 (A/m)2 are measured O.Sm from such tuning stubs with 
fields being very dependent on position due to the standing 
waves. 

Matched sections of transmission line are naturally 
associated with more constant fields, typically:-

POWER DISTANCE FROM LINE E FIELD H FIELD 

10 kW 1 m 104 0.1 

50/100 kW 1 m 2 X 104 0.2 
2 m 103 0.01 

250 kW 1 m 5 X 105 3 
2 m 105 0.4 
4 m 104 0.02 

Matching of newer high powered antennas is by use of 
appropriate lengths of transmission lines of different 
impedances. On these tuning sections fields of some 
5 times the above have been measured. 

HF antennas rely on ground reflection of fields to 
achieve their designed angle of radiation, giving a region 
of higher fields on the ground. For the type of curtain 
antennas typically used for HF broadcasting the highest 
ground level fields occur some 15 m to 25 m in front of 
the antennas :-

10 kW 

100 kW 

250 kW 

200 (V/m)2 

3 X 103 (V /m) 2 

104 (V/m)2 

0.004 

0.04 

0.1 

(A/m)2 

(A/m) 2 

(A/m)2 

Where adjacent antennas are active the highest fields 
occur in front of the common support and may approach 
twice these levels. 

5m behind the screen of an active antenna (and away 
from transmission lines) fields are ·-

250 kW 5 X 103 (V/m)2 

VHF/UHF 

0.01 (A/m)2 

These frequency bands are considered together as their 
high gain antennas are commonly mounted on the same support 
structures. Powers are typically 100 kW effective radiated 
power {e.r.p.) for VHF TV to 300 kW e.r.p. for UHF TV. 



4. 

Some antennas/support structures have no levels 
above the MEL to within about 1 m of active antenna 
panels. There can however be great variations in level 
which are not readily predictable, but appear to be 
largely due to resonances occurring in structural members 
at these frequencies. It is not unusual to encounter 
localised fields, either E or H, of some 2 or 3 times 
MEL at unexpected loc~tions in the antenna column, even 
in locations remote from the antennas. For example 
ladder guides at times appear to act as waveguides at 
UHF, while ladder sections may transmit vertically 
polarised VHF considerable distances along a tower. 

Localised Fields as high as 106 (V/m)2 and 2 (A/m)2 
have been measured, though E field maxima are more 
normally 1 or 2 orders of magnitude lower. Most of 
these "hot spots" are very small - eg some 10 or 20 ern 
across. Even with larger areas (eg a 2 rn gap between 
a platform and a ladder guard near a vertically polarised 
VHF antenna) the fields drop very rapidly with distance 
to below MEL 20 or 30 ern from the high field region. 
Fortunately small reductions in transmitter power 
(3 or 6 dB) generally lead to large reductions in these 
spurious fields. Where levels above MEL cover extensive 
areas (due to antenna back radiation) reductions in 
fields are quite closely related to transmitter power 
reductions. 

On low powered stations of 100 W erp or below, a 
field has marginally exceeded the 24 hour (non-occupational) 
exposure limit in only two situations. 

SUMMARY 

Despite the high powers needed for broadcast services 
the transmitters and ancilliaries only give rise to low 
electromagnetic fields. 

Antennas are fundamentally associated with high fields. 
Further, dimensions of some support structures tend to give 
rise to resonant "hot spots" of high fields (though high E 
and high H fields rarely occur at the same locations) • 
This necessitates careful measurement of even quite low 
powered services to define conditions whereby fields can be 
reduced below MEL's when work in antenna areas is necessary. 
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LEVELS OF 50Hz MAGNETIC FIELDS IN THE HOME 
AND OFFICE ENVIRONMENT IN AUSTRALIA 

T.J. Boal and K.H. Joyner* 
Radiation Safety Section, Victorian Health Department, 

555 Collins Street, Melbourne, 3000, Australia. 
*Telecom Australia Research Laboratories 

770 Blackburn Road, Clayton, 3168, Australia. 

The subject of exposure to 50/60Hz magnetic fields and the 
possible adverse health effects amongst exposed groups has 
received an enormous amount of publicity recently. Although a 
number of studies have been published in the U.S.A. concerning 
magnetic field exposures in the home and environmentl,2, no 
such data has been published for Australian conditions. 

The aim of this study was to quantify the 50Hz magnetic 
field levels in the home and office from domestic appliances, 
office equipment and electrical wiring. 

SURVEY EQUIPMENT AND RESULTS 

The three survey instruments used were commercial devices 
marketed under the tradename "Gauss Maus" and manufactured by 
the Arlunya Division of the Dindima Group, P.O. Box 106, 
Vermont. Victoria. 313 3. These instruments are handheld 
portable devices comprising a measuring unit linked to a 
polarization sensitive sensor unit by a spring coil cable. The 
usual operation is to hold the measuring unit in one hand and 
the sensor unit in the other which can be moved around to 
measure magnitude and distribution of the magnetic flux 
density. They are designed to measure peak levels of extremely 
low frequency magnetic fields up to a maximum of 99mG (9.~T). 
They operate in either a wide band mode (12Hz to 1. 3kHz. 3dB 
points) or in a bandpass mode (50Hz ± 6Hz. 3dB points). 
However. only the results taken in the bandpass mode are 
reported here. The calibration of one of the three instruments 
was checked by measuring the magnetic flux density at a known 
distance from a wire carrying a known current. The survey 
results are summarized in Tables 1, 2 and 3. 

OBSERVATIONS AND DISCUSSION 

The mean ambient levels of magnetic fields found in various 
rooms of the average suburban house varied between 0.5 and 1.3mG. 

However, the maximum values quoted in Table 1 for the front 
door. lounge, master bedroom and bedrooms 1 and 2 were measured 
in the same house. This house was located close to a 22kV 
distribution line with bedrooms 1 and 2 approximately 5 metres 
from the power line. It was determfined that the external 
wiring was the source of the fields in those bedrooms. 



The magnetic fields associated with distribution lines 
depend on the current loading on the system and were found to 
vary by a factor of 2 to 3 over a 24 hour period. In addition, 
the magnetic fields within a house were found to vary by up to a 
factor of 2 depending on the usage of domestic appliances. The 
majority of levels presented in Table 1 were measured in the 
early evening when appliance usage and loading on the 
distribution system were close to maximum. 

Another source of magnetic fields was found to arise from 
the unbalanced current flow between a house and the external 
distribution system resulting from multiple earth neutral (MEN) 
systems which are mandatory in Australia. With such a system 
not all the current that flows into the house returns back to 
the local transformer via the neutral line; an amount of current 
flows to ground because the neutral is also earthed at the house 
via an earth stake or through the plumbing as well as at the 
local transformer. The amount of current flowing in the earth 
was calculated from a measurement of the associated magnetic 
field and found to be 0.025 times the household current. It 
must be noted that this figure would be very dependent on soil 
conductivity. 

Room 

Table 1. Levels of 50Hz magnetic fields (mG. rms) 
measured in houses. 

Minimum Maximum Mean(A) 

Front door 0.2 3.7 1.2 
Family room 0.4 2.3 1.0 (8) 
Lounge room 0.3 3.2 1.0 
Dining room 0.3 1.3 0.5 ( 11) 
Hallway 0.4 l.l/S.3(B) 0.6 ( 6) 
Master bedroom 0.1 4.5 1.0 
Bedroom 1 0.1 7.0 1.2 
Bedroom 2 0.1 7.1 1.3 ( 9) 
Bedroom 3 0.4 0.5 0.5 ( 2) 
Kitchen 0.4 3.5 0.9 
Laundry 0.4 0.4 0.4 ( 6) 

Notes: (A) The mean levels were based on measurements in 14 
houses, except where the number of measurements appears in 
parenthesis. 

(B) The level of 5. 3mG was measured when the hot water 
storage unit located in the roof was heating. This measurement 
was not included in the calculation of the mean. 

For a loop of unbalanced current as shown in Figure 1 the 
maximum magnetic flux density, B. at the distance indicated and 
in a direction perpendicular to the plane of the loop was 
calculated according to Weber3 and found to be 0.55mG for 
every Ampere of current flow in the MEN system. 

Therefore, an ambient level of 0.55mG could be produced if 
a total household current of 40A were drawn and lA (0.025x40) 
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flowed through the MEN system. Certainly this situation is not 
going to exist throughout the entire 24 hour period and it would 
thus appear that external wiring as well as appliance usage were 
the main sources of ambient levels in a house. particularly when 
that house is located close to power lines. 

Table 2. Levels of 50Hz magnetic fields (mG. rms) 
measured 30cm from domestic appliances. 

Appliance Individual Measurements 
1--------------1------.--~--

Electric blanket 
Hair dryer 
Toaster 
Electric kettle 
Frypan 
Electric Fan 
Colour TV (screen) 
Fluorescent fixtures 
Electric ranges (front) 
Ovens (front) 
Refrigerators (front) 
Irons 
Vacuum cleaners 
Washing Machines (front) 
Drills and saws 

0.8 
2.1 
4.2 
1.4 
2.3 
0.4 
3.5 
1.5 
7.8 
1.4 
0.6 
0.8 

18 
2.1 
7.1 

1.3 
3.5 
7.1 
1.8 
2.5 
0.7 
6.0 
1.9 
8.5 
1.8 
0.7 
1.4 

23 
2.5 

11 

1.8 
7.8 
8.5 
2.6 
2.8 
0.7 
7.1 
3.4 

11 
2.3 
0.8 
1.6 

33 
2.8 

13 

Table 3. Levels of 50Hz magnetic fields (mG, rms) measured in 
offices and at various distances from office equipment. 

Position/Equipment Minimum Maximum Mean 

Centre of office 0.1 0.5 0.3 (12) 
Computer terminals (30cm) 0.8 3.6 2.0 (10) 
Photocopiers (10cm) 0.7 20 7.9 (4) 
Telex machine (30cm) 0.8 (1) 
Letter punch (30cm) 8.5 (1) 
Electric typewriter (30cm) 0. 3 4.7 1.9 (4) 

Note: The values in parentheses are the number of measurements. 

Use of vacuum cleaners, electric ranges, drills and saws do 
expose persons to signficantly higher levels of magnetic fields 
for periods of time approaching several hours per day. However, 
the fields close to electric blankets (<15cm) exceeded 99mG 
(peak) and of the appliances tested these provide the highest 
and most prolonged exposure for persons who use them. 

It was not possible due to the limited dynamic range of the 
measuring instrument to determine with any confidence the fall 
off with distance of the magnetic fields from the appliances 
measured in this survey. However, from a detailed inspection of 
the work of Gauger2 it can be concluded that. in general, for 
distances greater than 30cm, the fall off in magnetic field 
follows an inverse cube law with distance. 



The levels of magnetic fields measured in offices appear to 
be lower than those found in the home. However. the levels from 
office equipment are comparable with those from domestic 
appliances. 

POWER LINE 

HOUSE 

I 
I 
I 

: MAGNETIC 
f'V\ FLUX 
1QY DENSITY 

8.5m~~-+-----1f--~--~ B INTO 
: PAGE. 
I 

FIGURE 1. SCHEMATIC REPRESENTATION OF THE CURRENT LOOP FORMED 
FROM THE UNBALANCED CURRENT FLOWING IN THE MULTIPLE 
EARTH NEUTRAL SYSTEM. 
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EFFECTS OF 2450 MHz EXPOSURE ON HUMAN LYMPHOCYTE 
TRANSFORMATION IN VITRO 

E.C. Elson 
Department of Microwave Research 
Walter Reed Institute of Research 
Washington, D.C. 20307-5100, USA 

and 

E. Manikowska-Czerska and C.C. Davis 
Electrical Engineering Department 

University of Maryland 

and 

P. Czerski 
CDRH/FDA, Rockville, MD, USA 

ABSTRACT 

Thet·e are contt·adi ctor·y repor·ts in the 1 i ter·ature on the effects of mi cr·o
wave exposure on tr-ansformation of lymphocytes. To r·esolve this question, 
human lymphocytes have heen exposerl in vitr·o to 2450 MHz r·ad1at1on under· 
cuefully contr·oll ed cond1ti ons at var-1 ous power· 1 evel s and for per·i ods up 
to 120 hour·s. lymphocyte tranfotmat ion in exposed samp 1 es was compared to 
control samples, sham-exposed or· incubated in a conventional tissue cultur·e 
incubator·. Hepar·inized peripher·al blood samples .wer·e obtained by venipunc
ture ft·om heal thy vol unteer·s, lymphocytes wer·e separated by gr·adi ent cen
trifugation (lymphocyte Separ·ation Medium, litton Bionetics) and incubated 
in chr·omosome mediu8' lA without phytohemagglutinin (Gibco) at a standar-d 
concentr-ation of 10 cells/ml medium. Using the automated dosimetr-y micr·o
wave exposur·e system descr·i bed 1 n a companion paper (Joyner et al., this 
Congr·ess) the temper·atur·e pr·of·i 1 e over· time was recorded for· e.ach samp 1 e, 
and average and peak specific absorption r·ate.s (SAR), specific absor·ption 
(SA), and thermal dosage (TO) were calculated. At har·vest, cells wer·e 
counted and their' viability was tested using neutr·al r·ed, Janus gr·een, and 
tr-ypan blue staining. Standar·dized cytological prepar·ation wer·e made using 
a "Cytospin II" (Shandon) cytocentrifuge, air-dried, fixed in methanol and 
stained with a combination of Wr·ight and Giemsa stains. The per·centages of 
untransfotmed (small) lymphocytes, intermediate and lymphoblastoid cells 
wer·e determined, based on morphological featur·es, quantitated using an 
"Optomax" image analyzer. The correlation of lymphocyte transformation 
with SAR, SA, and TO was -examined. The implications of the r·esults for a 
"thermal" vs "nonthetmal" mechanism of interaction will be discussed. 



CONCEPT AND VALIDATION STUDIES OF THE REAL-TIME 
REACTOR-ACCIDENT CONSEQUENCES ASSESSMENT MODEL "ECOSYS" 

Herwig G. Paretzke, Peter Jacob, 
Heinz Muller and Gerhard Prahl 

GSF-Institute for Radiation Protection, 
D-8042 Neuherberg, West Germany 

ABSTRACT 

The Chernobyl accident has demonstrated the urgent need for computer 
programs for real-time assessment of potential'radiological consequen
ces of rn<Jjor reactor acddents and for timely recommendations of useful 
and cost-efficent counter measures. During the past decade the dynamic 
radioecological program "ECOSYS" has been developed by us !or nuclear 
accident consequence assessment with high resolution in space, time and 
exposure pathways. The Chernobyl reactor acci.dcnt leading to relatively 
high contamination of Southein Germa~ provided excellent conditions 
for ro.>alistic validation studies of concept, sub-models and parameters 
of ECOSYS. To this purp<)Se more than 7000 low level and in-situ gamma 
spectros,:opy measurements were performed to study experimentally the 
behaviour of radionuclides in foodchains and in the urban environment 
and to compare the results to theoretical predictions of ECOSYS. The 
results show good agreement in the contamination levels of important 
food stuffs and in external exposure dose rates from a given surface 
contami1wtion. Improvements were necessary in the assumptions regarding 
tho fuud C()TOHillnption h;;bit !i which chunged considerably - and in the 
functions describing the weathering off from urban and plant surfaces. 

The resu~tg of this validation study and the concept of the improved 
computerized model, which has subsequently been converted into a real
time code, will be discussed in detail. 
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L'ACCIDENT DE TCHERNOBYL; 
DIFFICULTES DE LA COMPARAISON DES MODELES ET DES MESURES 

A. DESPRES 
CEA I IPSN I DPS BP. n• 6 F - 92265 Fontenay aux Roses Cedex 

L' accident de Tchernobyl a conduit les differents Etats a evaluer les 
doses que les populations ont ete susceptibles de recevoir. Dans une premiere 
phase ces evaluations necessitent la mise en oeuvre de modeles, dont le but 
est de prevoir les consequences de l'accident, essentiellement a court terme. 
Dans une seconde etape, les mesures confirment les previsions des mode1es, et 
servent a estimer les consequences a plus long terme. 
Il a semble pertinent d'entreprendre une comparaison des differentes 
techniques de calcul et de mesure qui ont ete utilisees dans les differents 
pays de la Communaute, afin de mettre en evidence les difficultes de 
comparaison des estimations ou des evaluations qui ont ete faites. 

I - LES MODELES 

Les modeles utilises peuvent etre classes en trois grands groupes, qui 
s'enchainent en sequences: 

- Les modeles "meteorologiques" ont pour but de definir les trajectoires 
SUl.Vl.es par le polluant. Ils necessitent la prise en compte de donnees 
locales (intensite de la source, hauteur effective du rejet, vitesse et 
direction du vent, gradient thermique vertical ... ), et de donnees synoptiques 
(champs de pression ou champs de vent) 

- Les modeles "de concentration" evaluent la concentration le long des 
trajectoires precedemment definies, et calculent le champ de concentrations 
au sol ainsi engendre, en superposant un modele de diffusion 

- Les modeles "de dose" evaluent les equivalents de dose re<;us par les 
populations. Ils necessitent la prise en compte de vitesses de depot, de 
facteurs de transfert et de facteurs dosimetriques. 
I-1 comparaison des trajectoires 

Lorsque l'on superpose les trajectoires estimees par differents modeles, 
on constate que les divergences peuvent etre tres grandes: Si les 
traj ectoires sui vies par les particules emises le 27 Avril a 0 heures, et 
estimees par differentes equipes sont tout a fait similaires (figure 1), il 
n'en n'est pas de meme de celles emises le 26 Avril a 12 heures (figure 2). 
Les donnees meteorologiques de bases etant en principe identiques 
(radiosondage de Kiev, Organisation Meteorologique Mondiale), on peut 
logiquement attribuer ces differences aux modeles eux-memes: discretisation 
de la source, pas de temps du calcul, prise en compte du vent vertical, 
extrapolations dans le temps et dans l'espace des donnees ... L'observation de 
ces divergences nous a conduit a rechercher si, sur l'ensemble de la periode 
du rejet (une dizaine de jours), il existe un type de modele dont les 
resultats sont significativement meilleurs que les autres. En toute 
rigueur, ceci releve d' un exercice d' intercomparaison qui sortirai t du cadre 
de cette etude, et nous avons du nous con tenter d' une comparaison beaucoup 
plus sommaire: Nous avons selectionne 13 sites repartis sur 1' ensemble de 
l'Europe, et pour lesquels nous disposons de mesures systematiques, et nous 
avons regarde si les resultats de ces mesures etaient compatibles avec les 
traj ectoires donnees par les modeles. La conclusion de ce travail est que 
tous les modeles ont un pourcentage de bans resultats compris entre 75 et 85% 
ce qui, compte tenu de 1' empirisme de la methode sui vie, ne permet pas de 
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conclure a la superiorite systematique d'un modele sur les autres. 
I-2 La diffusion 

La comparaison des differents modeles de diffusion a partir d'une meme 
trajectoire a fait l'objet de nombreux travaux anterieurs /2/,/3/. Ces 
travaux ont montre que a grande distance du point de rejet, les resultats ne 
different pas de plus d'un facteur 2, ce qui est tout a fait acceptable 
compte tenu des autres sources d'incertitude. 
I-3 L'evaluation des depots 

Dans tous les modeles, le depot sec est evalue classiquement a l'aide de 
vitesses de depot sec, tandis que le depot par la pluie necessite 
l'introduction d'un coefficient de lavage (Royaume-Uni, Italie) ou d'une 
vitesse apparente de depot (France). Les variations de ces parametres d'un 
modele a 1' autre conduisent a des evaluations du depot qui peuvent varier 
d'un facteur 3. 
I-4 Le calcul des doses 

Les facteurs de dose permettant de relier les quantites ingerees ou 
inhalees aux equivalents de dose re9us sont definis dans la Publication 30 de 
la CIPR pour ce qui concerne les adultes. Pour ce qui est des enfants, des 
divergences pouvant atteindre un facteur 10 (ingestion de cesium par les 
nourrissons) ont ete observees /4/. Il faut toutefois noter que ces 
incoherences ont ete rapidement corrigees. 

II - LES MESURES 

La comparaison des mesures doi t etre menee avec beaucoup de prudence, 
car il faut s'assurer de la coherence des conditions experimentales. Or, de 
ce point de vue, il existe de nombreux obstacles a la comparaison de mesures 
realisees par des laboratoires differents: 
les techniques de prelevement 

L'influence de la technique de prelevement peut etre mise en evidence a 
l'aide de trois exemples: 

Le cas de l'herbe: Frissel /5/ a montre que l'activite massique d'un 
echantillon peut varier d'un facteur 5 selon que l'herbe est coupee a ras du 
sol, ou a Scm de la surface. En general, 1' activite massique de la partie 
superieure de l'herbe est superieure a celle de la partie inferieure pour les 
prelevements effectues avant le 20 Mai; cette tendance s' inverse pour les 
prelevements effectues ulterieurement. 

Le cas de 1' iode dans 1 'air: Lorsque 1' iode organique n' a pas fait 
l'objet d'un prelevement specifique, l'activite totale de l'iode a ete faite 
en multipliant l'activite de l'iode associe aux aerosols par un facteur qui 
varie selon les auteurs entre 3 et 5. 

Le cas des sols: L' epaisseur de la couche pre levee est un parametre 
essentiel, notamment lorsqu'il s'agit de court terme apres l'accident. 
Certains auteurs prelevent des couches de 1 em, tandis que d'autres integrent 
la totalite de la contamination en prelevant une couche de 5 em. 
la representativite de l'echantillon 

La quantite pnHevee varie de fa9on considerable d'un laboratoire a 
1' autre (dans le cas de 1' air, de quelques dizaines a quelques milliers de 
m3). Ce facteur est directement lie ala limite de detection. Dans le cas des 
produits alimentaires, il faut s'assurer que l'echantillon est representatif 
de ce qui sera effectivement consomme: On a pu constater que des prelevements 
de lait effectues dans des fermes voisines donnaient des resultats tres 
differents, parce que les animaux n'etaient pas soumis aux memes regimes de 
stabulation, mais aussi parce que les depots peuvent varier tres sensiblement 
en des points voisins. 



les conditions de stockage et de transport (cas des produits volatils) 
Ce parametre n'est pas sans incidence sur le resultat de la mesure: par 

exemple, le transport en container refrigere des echantillons permet une 
meilleure conservation des produits volatils .. 
la preparation des echantillons 

La finalite de ces mesures etant l'evaluation des quantites ingerees, un 
certain nombre d' auteurs preferent effectuer les mesures sur des produits 
laves, tandis que d'autre s'en tiennent a des mesures sur le produit brut. Il 
s'en suit une apparente discordance, qui peut atteindre un facteur 10. 
les technigues de mesure 

La difficulte de l'interpretation des spectres obtenus est illustree par 
le probleme du neptunium: 239Np a en effet ete identifie dans les 
prelevements atmospheriques par plusieurs laboratoires (en France, Suede, 
Finlande), tandis que d'autres estiment qu'il s'agit la d'une confusion avec 
132Te. Cette ambiguite dont, a notre avis, l'origine devrait etre eclaircie, 
met en evidence la necessite d'une banque de donnees de spectrometrie 
commune, applicable aux mesures effectuees dans l'environnement. 
De tout ceci, il ressort que la comparaison des resultats des mesures 
effectuees par differents laboratoires n'est pas immediate, et necessite une 
connaissance approfondie des conditions experimentales. 

III - CONCLUSION 

L' accident de Tchernobyl a vu la mise en oeuvre simultanee d'un grand 
nombre de modeles, et a permis la comparaison des hypotheses et des valeurs 
des parametres sous-jacents. A l'echelle qui nous interesse (quelques 
milliers de kilometres), le seul veritable probleme est celui des 
trajectoires suivies par le polluant. A cet egard, les incertitudes liees au 
terme source ont une importance preponderante. IL faut toutefois noter que 
les divergences que 1' on peut observer, et qui peuvent etre considerables 
pendant les periodes de marais barometrique, tendent a s' attenuer sous 
l'influence de la duree du rejet (une dizaine de jours dans notre cas). 
Du point de vue des mesures, les exemples presentes dans ce document montrent 
qu'il est necessaire de rechercher une harmonisation au niveau des methodes 
de prelevement, des techniques de mesure et de la presentation des resultats. 
Les Organisations Internationales concernees ont un role essentiel a jouer 
pour susciter la reflection commune necessaire pour parvenir a cette 
meilleure harmonisation. 

REFERENCES 
/1/ DESPRES A. The Chernobyl accident; Comparison of models used and of 
impacts of national or regional countermeasures. Workshop on the assessment 
of the radiological consequences of the Chernobyl accident, Bruxelles, 3 - 5 
Fevrier 1987 
/2/ Atmospheric Dispersion Models for Application in Relation to 
Radionuclides Releases. IAEA - TECDOC - 379 (1986) 
/3/ ApSIMON H.M., GODDARD A.JH. Atmospheric Transport or Radioisotopes and 
the Assessment of Population Doses on an European Scale. 
Commission des Communautes Europeennes. Rapport EUR 9128 EN (1983) 
/4/ NIEDERER U. et al. Grunglagen zur Berechnung Interner Dosen. Proceedings 
of a symposium "Radioactivitaetsmessungen in der Schweiz nach Tchernobyl und 
ihre wissenschaftliche Interpretation", Berne, 20-22 Oct 1986 
/5/ FRISSEL M.J. Assessment of radiological consequences in the Netherlands 
resulting from the accident in Chernobyl. Workshop on the assessment of the 
radiological consequences of the Chernobyl accident, Bruxelles, 3-5 Fev. 1987 
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Figure 1 Trajectoires calculees a l'aide de differents modeles pour une 
emission le 27 Avril a 0 heure 
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Figure 2 Trajectoires calculees a l'aide de differents modeles pour une 
emission le 26 Avril a 12 heures 
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INFLUENCE OF PRECIPITATION, BUILDING AND PLUME RISE 
ON THE DOSES RECEIVED BY THE POPULATION IN 

CASE OF ACCIDENTS IN A PHWR-POWER PLANT 

Ing. Maria Cristina Conte 
ENACE S.A. 

The influence of precipitation, buildings and plume rise 
on the doses received by the population for some hypothetical 
accidents proposed for the CNA-II was analyzed. The CNA-II is 
a 745 MWe heavy water pressure vessel reactor, fuelled with 
natural uranium and installed by Parana Hiver (Argentina) . CNA-II 
is under construction. 

Two hypothetical accidents were analyzed: loss of coolant 
accident (LOCA) with containment isolation failure (occurrence 
probability: approx. 2.0x1o-7y-1) and LOCA with normal operation 
of safety systems (probability: approx. 1.0 x 1o-3y-1). 

The atmospheric dilution factor was estimated according 
to Pasquill model because it is suitable for flat terrain like 
Parana's River zone. Six weather conditions (A to F) were 
considered for each accident. The most probable condition is 
D. For ground level releases a height of 10 m was assumed. Stack 
height is 40 m. 

The following irradiation paths were analyzed: external 
exposure due to cloud passage and to deposition on ground and 
inhalation. The ingestion path was not taken into account for 
the calculation of the immediate accident consequences because 
of the delation due to transportation and/or processing time. 
Countermeasures were not considered. 

PRECIPITATION EFFECT 

Rain produces iodine and aerosol washout with the consequent 
decrease of their concentration in the radioactive plume and 
increase of deposit on ground. The model proposed in IAEA safety 
series N° 57 was used. The doses were calculated under the plume
center line for weather conditions C and D because rain is 
considered possible only under these conditions. 

The results obtained for the critical group (x = 1 km) in 
case of LOCA with containment isolation failure show that dose 
considering precipitation is 22% larger than dose without 
considering rain, for weather condition C and 6% for condition D. 
In case of LOCA with normal operation of safety systems the 
difference is negligible: 1%. 

It must be said that aerosol and iodine releases are 
overestimated because their behaviour inside the containment 
was not considered (all the activity initially present in the 
containment was supposed to be released) . So the expected 
influence of precipitation should be lower than that obtained 
with the above mentioned assumption. It should also be t~ken 
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into account that accident and rain probability must be 
multiplied so, the total probability is lower than that with
out considering precipitation. 

BUILDING EFFECT 

Buildings near the emission source produce eddies which 
increase the dispersion in the travel direction. The model 
proposed in IAEA safety series N° 57 was used. This effect has 
~o he considered when the building height is larqer than two 
times the release height. For accidents with release through 
stack this condition is not fulfilled. It must be said that there 
are no cities near CNA-II nuclear power plant. So the turbine 
building was selected because is one of the biggest. 

The results show that the dose obtained considering 
building effect is lower than that without taking it into 
account. The difference increases with the stability of weather 
condition and begins to be noticeable for weather condition D: 
13%. For weather condition E dose considering building is approx. 
25% lower than dose without considering building and for the 
worst case (condition F) this difference is 40%. It can be 
concluded that calculations made without taking building effect 
into account are conservative, with differences only noticeable 
for stable weather conditions (E, F). 

PLUME RISE EFFECT 

Efflux velocity and buoyancy produce a rise of the real 
release height, thereby reducing the ground-level concentration. 
The model of Briggs was used to estimate plume rise value. Once 
this value is estimated it is added to the real release height 
to obtain the effective release height. 

The results obtained for the critical group (x = 1 km) in 
case of LOCA with normal operation of the safety systems 
(release through stack) are the following: dose considering 
plume rise for weather condition D is approx. 23% from the 
value without taking plume rise effect into account. For 
weather condition E the value is approx. 7%. The largest 
influence of plume rise is observed for weather condition F: 
dose considering plume rise is 0.06% from the value without 
considering this effect. 

The conclusion is: plume rise effect should be considered 
specially for stable weather conditions (E, F) when realistic 
values of dose to the critical group are needed, otherwise the 
obtained dose values would be too much overestimated. 

DISTANCE INFLUENCE 

Some graphs corresponding to the analyzed accidents are 
included as example. 
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Plume rise effect is observed in Graph 1 for a LOCA with 
normal operation of safety systems and weather condition E. It 
is observed that the influence of plume rise decreases with 
increasing distance and is very important near the source. 

Graph 2 represents the influence of precipitation for 
weather condition C in case of LOCA with containment isolation 
failure. It is observed that the influence of precipitation is 
approximately constant with increasing distance. 

Graph 3 represents the influence of building for the above 
mentioned accident and weather condition F. The influence of 
building decreases with increasing distance. 

Reference: Influence of precipitations, buildings and plume rise 
on the doses received by the population in case of 
accidents in the CNA-II Power Plant. Maria C. Conte. 
TN3-002-1986. ENACE. 
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DOSE ESTIMATION IN CASE OF LOCA FOLLOWED BY 
CORE MELT-DOWN IN THE ARGOS PHWR-380 MWe 

Ing. Maria Cristina Conte 
ENACE S.A. 

Argos PHWR-380 is a medium size nuclear power station (380 
MWe) with a pressurized heavy water reactor of the pressure 
vessel type, fuelled with natural uranium or advanced fuels. It 
was designed by ENACE S.A. (Argentina's nuclear engineering 
company) and is thought to be particularly suitable for develop
ing countries. The plant uses the technology employed in Atucha 
I unit (a 367 MWe NPP, which has been operated since 1974) and 
Atucha II plant (a 745 MWe NPP, which is under construction) but 
with enhanced safety features and significant upgrading. 

It is ensured that the Argos complies with the demanding 
safety requirements of the Argentine national regulatory 
authority and with relevant international safety standards, 
guides and recommendations. 

In this study it was analyzed the influence of release 
height and retention of radionuclides inside the containment 
on the consequences of a hypothetical loss of coolant accident 
(LOCA) followed by core melt-down. 

One of the lessons learned in the field of nuclear safety 
is the need of ensure the confinement of radioactive material 
during these hypothetical accidents. For that purpose the Argos 
is equipped with a venting system (fig. l) which is designed to 
prevent the disruption of the containment and the consequent 
uncontrolled release of radioactive materials into the 
environment that could occur in such an extreme case. If the 
pressure increases unexpectedly within the containment, the 
venting system is designed to stabilize the pressure at a safe 
value by regulating the release of excess gases and steam into 
the atmosphere through the filter system. Argos has a high free 
volume/power ratio. The design criterion is that the result of 
this hypothetical and extremely unlikely situation will be such 
that even the critical group of the population would not be 
exposed to projected doses higher than 0.1 Sv (this level would 
not usually justify radiological intervention or counter
measures). 

To demonstrate the effectiveness of this system three 
different cases of release after loss of coolant accident (LOCA) 
followed by core melt-down were analyzed: immediate release 
after accident, containment overpressure failure (approx. 16 to 
19 days after accident) and controlled release (the activity is 
released through stack approximately 12 days after accident with 
a flow rate of 0.5 m3/s to keep the pressure at a safe value. It 
was supposed that filter system is not operative). The selected 
accident is a medium LOCA (0.1 A rupture). Large LOCA is exclud
ed for the Argos reactor because the occurrence probability is 
several orders of magnitude lower than for an event considered 
improbable. 



CONSEQUENCES ANALYSIS 

The dispersion of the activity released into the atmosphere 
was estimated using Pasquill's model (flat terrain siting was 
supposed) . The lowest wind speed possible for each weather 
condition was adopted. Ground level releases were supposed to 
occur at 10 m height. Stack height is 41 m. The critical group 
is located 1 km away from the NPP. 

The activity inventory was estimated with ORIGEN-2 computer 
code, for the corresponding average fuel burnup. Release 
coefficients as function of temperature and behaviour of aerosol 
and iodine inside the containment were also considered. The 
latter effect was estimated using NAUA Mod. 4 computer code. 
Tritium inventory was supposed to be completely released. The 
exposure paths considered are: inhalation, ingestion and external 
irradiation due to cloud passage and to deposit on ground. 
Countermeasures were not taken into account. 

The estimated doses values for the critical group (x = 1 km) 
show that the influence of controlling the release increases 
with the stability of weather condition. The ratio between dose 
in case of controlled release and dose due to immediate release 
after accident is 0.3 for weather condition D (the most 
probable) and 0.002 for condition F (the most unfavorable). The 
ratio between dose due to controlled release and dose in case 
of containment overpressure failure is 0.56 for condition D and 
0.04 for condition F. 

It was also observed that the influence of release height 
increases with the stability of weather condition. For condition 
D the dose to the critical group in case of release through 
stack is approximately 40% from the value in case of ground 
level release. For weather condition F the value is 0.3%. 

The release height, retention of iodine and aerosol inside 
the containment during a larger time period and the favorable 
free volume/power ratio are the main factors which lead to 
lower doses in case of controlled release: 25 times lower than 
in case of containment overpressure failure and 500 times lower 
than the value in case of immediate release. 

Reference: Argos PHWR-380 "Argentina offers a 380 MWe PHWR with 
enhanced safety features". A.J. Gonzalez et al. Nuclear EngineeE 
ing International. May 1987. 
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A COMPUTER-AID SYSTEM FOR OFF-SITE NUCLEAR 
EMERGENCY SITUATIONS MANAGEMENT 

0 1 2 2 
D. Lattanz1 F. Lucci and S. Merolli 

1. ENEA -SAG, Roma, ITALY 
2. ENEA -SAG, Frascati, ITALY 

INTRODUCTION 

In order to better deal with nuclear accidents and the follow
ing emergency situations at its five nuclear centres, the ENEA (the 
italian nuclear research board) has developed a computer-aid emer
gency system the main feature of which is the link amoung five com
puters each sited at one of the nuclear centres, and a sixth devo
ted to control and monitor all the communications amoung them. The 
whole system is designed in such a way as to assure the maximum de
gree of reliability and a sufficient flexibility to fit the speci
fic needs of each centre and to face with possible extensions and 
changes in procedures and basic data. 

The system is aimed at calculating and predicting the atmosph~ 
ric transport, dispersion and radiologic impact of radioactivity 
accidentally released by ENEA nuclear plants starting from meteoro
logical and inventory data which are acquired in real time by the 
system itself. The exchange of communications, informations and da
ta between the Centres and the ENEA H.Q. is also assured. Since the 
beginning the system has been mainly conceived as a tool higly use
ful to decision-makers during emergency situations. 

It should be stressed that the system has a sufficient flexibi 
lity to allow also the analysis of the routine releases from the 
Centres and to provide useful data in case of emergency situations 
coming from both national and extra-boundaries accidents. In addi 
tion, in the near future, it will run all the radiation protection 
related codes under development at the ENEA, including a personnel 
dose record-keeping program concerning about 2000 radiation Workers. 

GENERAL SYSTEM ARCHITECTURE 

The whole system is mainly composed of a network system, the 
on-site subsystems and a coordination central system. 

The first one links the various computers, each of which is lo 
cated in the on-site emergency room, to the central emergency room 
of the ENEA H.Q. and to the computer of the control board (nuclear 
safety and radiation protection directorate), as shown in fig. 1. 
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Fig. 1 - The ENEA DEC network system (kbaud) 

Each on-site subsystem carries out the following tasks: 

- real-time data acquisition from the meteorological tower, the 
stack monitors, the remote field radiation monitors, the in-plant 
area radiation monitors; 

- data reduction, if any, validation and update; 
- data formatting and preparation for their transfer; 
- evaluation of the radiological situation by the simple diffusion 

and transport code SPADE (bidimensional, no orography); 
- receiving the results of more complex codes run at either the 

main central computer or the control board computer. 

The emergency coordination centre system 
tasks: 

has the following 

- to receive the on-site radiological and meteorological data; 
- to update the main data-base; 
- to evaluate the radiological impact on the environment and on the 

population by running complex diffusion and transport codes; 
- to replace the local computer, as for the accident consequences 

analysis, in case of the latter's failure. 

HARDWARE FEATURES 

The application programs and the simulation codes which run or 
will run on the various computers of the emergency management sys
tem need a fair large memory as they shall be managed at various 
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priority levels by a multi-user and a multi-tasking operating sys
tem. So 16-bit computers of the uVAX family have been chosen. 

SOFTWARE FEATURES 

The software is composed of indipendent modules, so that it 
attains a high flexibility, has a hierarchical tree based menu dri 
ven structure and works in an interactive way. Its gross structure 
is sketched in fig. 2 and comprises five main packages: 

- on-line data acquisition; 
- data filing; 
- environmental data analysis; 
- communication and its monitoring; 
- accidental analysis. 

One of its main features is that the various functions and 
inputs are fully automated; however, of course, request functions 
and manual inputs are allowed at many stages and levels. 
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Fig. 3 - Main System Structure 
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The communication and monitoring module must coordinate, mana
ge and monitor all the communication-related actions between, among 
and within the centres (local and coordination). Its main function 
is the monitored data transfer (automatic function), which comprises 
the environmental data reading, the data validation, the data pack
ing and transfer and their back-up on an overlapping circular 48-
hour memory. In addition request functions, such like start-up re-
quest in case of drills, test and pre-alarm conditions and requests 
to receive the results of codes run on the other computers, can be 
performed. 

In addition to the above mentioned tasks, the described module 
performs the task of monitoring and filing all the communications, 
informations and functions and continuously checking the status of 
the lines pointing out the malfunctions, if any. These tasks are 
usefull not only during the emergency phase itself but also on the 
occasion of drills, when an "a posteriori" check is needed in order 
to ascertain the whole emergency machinery. 

The accident analysis package is mainly based upon the SPADE 
code (Sequential Puff Atmospheric Diffusion Evaluation), a simple 
gaussian code which uses a variable trajectory advection atmosphe
ric dispersion model and calculates dispersion factors inside a 10 
km radius. This figure is based on Design Based Accident evalua
tions, whilst major severe accident consequences will be treated 
in the future. 

REFERENCES 

1) Documento del gruppo di lavoro "Automazione della gestione 
delle emergenze nuclear~\ ENEA, private communication, 1984. 

2) F. Desiato and G. Tonini, "SPADE un modello a sequenza di 
puff per la valutazione della diffusione atmosferica", ENEA, 
RT/DISP/84/6, 1984. 



A PfNSnNAL COMPUTER PROGRAM FOR RADIOLOGICAL 
IMPACT fVALUATJON AFTER ACCIDENTS 

V.V.SHIRVAIKAR 
IIFAL TH PIIYSTCS DJVISlON 

BABHA ATOMIC RESEARCH CENTER 
BOMBAY-85 , INDIA 

INTRODUCTION: 

A linge <tccj den 1-al rrnl.i.onuclide release creates an emergency s.i. tuat.i.on 
where likely off-~;.it.e doses and contamination levels an-! required to be 
rapidly est.i.m<tted for emergency actions. Such fast estimates can best be 
obtal.ned using computers. Recent development of high capability peroonal 
computers,has opened a new avenue where with dedicated programs in BASIC 
language can be loaded from floppy disko. In this report details of such a 
proqram are given for an APPI.E compatible system. It is not a difficult task 
to wxil.e the pruyram on an IRM compatible machine. 

The ra:;quill-GiHnrd 
level release, Gjffords 
1~5 been adopted. The 
integrated concentrations 
are: 

ELEVATED RELEASE 

2.0 DISPERSION MODEL: 

double Gaussian dispersion model is used. For ground 
mou.i.Li cation l:o include the building wake parameters 

expres:;i.ons used to compute ground level time 
X(x,O,O) at a distance x for a release of Q Ci or Bq 

X(x,O,O)=(Q/o on u)[e;q;(-h2 /2o 2 ~)] (Ci-s{m2
) (1) 

y z u 

when~ 

Q Source strength (Curies) 

u = wind speed at plume level (m/s) 

h release height (m) 
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GROUND I.EVEL RET.EASE: 

where 

X(x,O,O}=QI(no o +CA)U y z (Ci-slm2
) (2) 

A Cros~;ectional urea of the building normal to the wind and 
C=A shape factor=0.5 

DEPOSITION MODF.L: 

Contamination level Wd(x,y) due t-o dry deposition and deposition 
correction factor Fd nre o~ta1ned using the source depletion model vi~. 

2 2 2 2 2 Wd(x,y)=V Q exp[ -(y 12o + h 12o )] Cilm . g X y Z 

Qx '"' Q · F d 

F [ { J x ( h2 I 2 2 ) I d ) ] ( - f ( 2/u ) . d= exp 0 exp - o z oz x 

where 

(3} 

(4) 

( 5) 

Q = Depleted source strength (due to deposition) 
X 

Vg = Deposition velocity (mls) 

To maintain accuracy and speed Qf computation,the integral in Eq (5) is 
evaluated with re:opect to lnx. The integral to be evaluated is then 

lnx 2 2 
Jd = J 1 (exp(-H 12o zlxoz)d(lnx) 

3 . 0 I"I,UME SPREAD I"ARAMETERS: 

Plume spread parameters for Pasquill model are normally obtained from 
graph~. For computational purposes however it is convenient to use the scheme 
•Jiven by Eimut.i:; and Konicek ( 1972) where following type of relations are used 

A (s) 0.9031 
0 = X y y 

Az(s) 
B (&) + Cz(s) 0 = X z 

where s indicates t.he stability (A to F) 
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4.0 Wind variation with height: 

Wind speed u~ed for plume rise calculations is at the stack level while 
wind speed for con~entration calculations is at the plume level, 

For ground level release however it is customary to use 10m level wind. 
Wind :;peeds at the:>e heights are obtained from the wind speed at measurement 
height by using the power law wind profile expression. 

u/ul = (7./7.1 )n/ (2-n) 

where u is the wind speed at heig~t Z and the wind profile 
t"Hameter n=0.2,0.2'i or 0.5 according to stability being unstable,neutral and 
stable respectively. 

5.0 PROGRAM STRUCTURE: 

The program structure is divided into following steps: 

(1) Rend and store calculational constants and strings. 
include 

value of 11, its square root etc 

values of Ay,Az,Bz,cz, 

values of profile param!:!t:e.r. n 

plume gamma doses at 29 distances from 0.1km to 100km for ground 

lr!Vel release and elevated release for a set of stack heights. 

Constants 

String variables include, wind direction N,NNE etc, stability class 
name:; A,B,C etc 

(2) Interactive dialogue for input and checking 
data,metereologi~al data, printing format, distances etc. 

of source 

( 3) Computation of Time integrated GI,C and ground con,tamination due to 
deposition. 

(4) Computation of doses: These include (i) Plume gamma doses for noble 
qase:;. ( .ii) Inhalation dose from Iodines (iii) Ingestion dose from deposited 
iodines under certain assumed food chain parameter set. Since under emergency 
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conditions iodine and noble gases are important the dose computation routine 
is confined to these only. For other isotopes, the inhalation and ingestion 
doses can be computed using dose factors. 

(5) Printing of output: In APPLE computer, printing the rersults in the 
desired format is not possible directly since "PRINT USING" statement is not 
available. To overcome this problem two subroutines have been developed to 
convert a given number to a string variable and transform it into another 
string whiclt can be printed as E-Format or the I-format as needed. 

Subroutines are used whenever possible. Subroutines are called for 
compul.at.ion of a o , concentration of ground level release, concentrati-on for 
elevated releaseyan~ deposition correction. Input of each parameter is through 
a separate subroutine to facilitate individual corrected entry. Interactive 
dialogue with the user is also through subroutines. Similarly, iodine dose 
computation and CDmputation of gamma doses are also with subroutines. 

6. APPLICATIONS 

The program can be used to obtain exposures and contamination levels very 
fast. The time taken for obtainning values for 10 distances is about 5 minutes 
after the program disk is loaded. The program has instructions to ring bell 
whenever input information is asked. Also, PRINT channel for the printer is 
ar.tivated only during the INPUT/OUTPUT printing thus avoiding unner.cessary 
printing of the interactive dialogue. Thus the program is expected to be 
useful not only in a radiation emergency but also for routine dispersion 
calculations 

7. REFERF.NCES 

Eimutis E.C. and Konicez M.G. (1972), Derivations of continous functions 
for the lateral and vertical atmospheric dispersion coefficents, Atmos Environ 
J.!L.pp 859-867 
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NEW DEVELOPMENTS IN THE RAPID ANALYSIS OF OFF-SITE CONSEQUENCES 
OF AIRBORNE RADIOACTIVE RELEASES 

R G Jackson and G C Meggitt 
Safety and Reliability Directorate, UKAEA 

INTRODUCTION 

A number of techniques exist for the assessment of the 
offsi te consequences of accidental airborne releases of 
radioactive material. These range from hand calculation methods 
using graphs and tables (reference l) to very complex wind field 
computer models (reference 2). The larger computer models 
require specialist personnel to operate them and, being 
centrally based, may not be available to operators due to 
communications breakdowns. Smaller computer models of varying 
complexity exist which can be used by the site personnel to 
determine the need for countermeasures in the early stages of an 
accidental release. 

The UKAEA UMPIRE system (reference 3) was developed to 
provide predictions of doses to individuals from airborne 
releases. Advances in computer technology made it necessary to 
update the hardware and carry out modifications to the programs. 
A method of incorporating moni taring data to modify the dose 
predictions has been under development and the increase in 
computing power has enabled this to be included in the new 
system. 

PHILOSOPHY 

The immediate needs of the health physicist in advising on 
the need for countermeasures ranging from sheltering and stable 
iodine tablet issue to evacuation are to predict the current and 
future doses to individuals (within a few km of the site). A 
simple method for doing this based on monitoring results is used 
in the Harwell Survey Report Scheme (reference 4). However, in 
the case of fluctuating releases, changing weather conditions 
and a number of different sampling locations it is difficult to 
interpret the results or to predict the effects at other 
locations. 

The UMPIRE 2 system uses measured and forecast weather 
conditions to predict the spread of the plume. It can use a 
previously calculated source term to give individual dose 
predictions. Once monitoring data has been obtained the 
interactive mode allows the source term, wind direction and 
effective release height to be modified. The modified data is 
then used to predict the consequences at locations where 
monitoring has not yet been carried out. 
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DATA REQUIREMENTS 

Meteorology: To determine the consequences of an airborne 
release data on meteorological conditions is needed. In the 
simplest form this consists of time, wind direction, wind speed, 
cloud cover and rainfall rate. The atmospheric stability 
category which governs the dispersion is obtained from these 
values and an estimate of the mixing depth is also made. For 
consistency the simple method in reference 5 has been used. 

Alternatively, a scheme exists to obtain meteorological data 
from the Meteorological Office in terms needed for this sort of 
calculation. The PACRAM scheme gives stability category, mixing 
height, wind speed and wind direction predictions at various 
times and distances from the site. 

Release: To run the system in the predictive mode requires 
data on the source term consisting of the nuclides releases, the 
rate of release and duration and the effective height of the 
release. The interactive mode assumes a release of unit activity 
of limiting nuclides in terms of countermeasures ie 1131, Pu239 
and 1 MeV/Bq noble gas at a uniform rate for 4 hours at ground 
level unless a different source term is defined. 

MODELLING 

The dispersion model used is a simple two dimensional 
Gaussian model as described in reference 5. Plume depletion by 
dry and wet deposition and consequent ground deposited activity 
are calculated. 

The airborne and ground deposited activity is divided into 
alpha and beta/gamma emitters. Doses from inhalation, 
groundshine and cloudshine are calculated for individuals. The 
data for inhalation dose to three age groups (infants, 10 year 
old children and adults) are taken from a computer data base 
developed by NRPB (reference 6). Groundshine doses are 
interpolated from data taken from reference 1 and from the 
WASH-1400 study (reference 7). Gamma cloudshine dose is 
calculated using the simple technique described in reference 3 
switching from line source to a look up table to a semi infinite 
cloud model depending on the shape of the plume. 

RESULTS 

The dose isopleths can be displayed overlaid on a simplified 
map of the area surrounding the site selected. Doses to 
different organs and for the three age groups are available from 
inhalation only or inhalation plus external radiation. The 
development of the release can be followed by changing the 
interval between the start of the release and the display of 
results. 

The modifying effects of introducing countermeasures can be 
shown. 
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A summary printout gives the input data and doses at 
selected locations in the plume at various times after the start 
of the release. This enables the health physics controller to 
concentrate resources on immediately affected areas while making 
preparations for countermeasures in other areas. 

MONITORING RESULTS 

For the purpose of comparison with monitoring data the 
following values are also calculated: 

1. Gamma dose rate at lm above ground. 

2. Airborne beta/gamma activity kBq m- 3 

3. Deposited beta/gamma activity kBq m -2 

4. Airborne alpha activity Bq m- 3 

5. Deposited alpha activity Bq m- 2 

By comparing the predicted and measured results 
modifications can be made to the source term with respect to 
quantity, proportion of nuclides and release height. Airborne 
activities can be tracked back to the current release rate and 
nuclide proportions; ground deposited activity gives an 
integrated history of the plume (although the situation is 
complicated if local rain showers occur) and gamma dose rate, 
when corrected for ground deposited activity and airborne 
particulate, indicates the noble gas activity (in terms of 
Bq-MeV). 

A method has been developed (reference 8) to allow 
corrections to be made for differences between the measured wind 
direction and the effective plume direction and to scale the 
magnitude of the release (either overall or in sections) to fit 
the monitoring results. Dividing the release into alpha and 
beta/gamma emitters allows the source term to be calculated in 
terms of Il31 and Pu239 which give a pessimistic estimate of the 
doses incurred. 

If more detailed nuclide information is available from a 
stack monitor a detailed inventory or gamma or alpha 
spectrometry results this can be substituted for the basic 
source data. The program then calculates the offsite 
consequences of the release modified by the survey results. 

USER INTERFACE 

A major aim of the UMPIRE project has been to ensure that 
the system can be operated easily in a high stress situation. 
Experience with the early system has shown that it must be 
possible to alter any part of the input data rapidly. UMPIRE2 
is controlled from a single page divided into topic areas. Most 
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items can be altered individually although some such as site and 
location within the site are interdependent, in these cases the 
user is prompted to enter the appropriate data. 

FURTHER DEVELOPMENT 

Despite the recent accident at Chernobyl it is in fact very 
unlikely that the system will ever be used in an actual 
accident. It is therefore proposed that a simulator is 
developed which produces aritifical data, possibly with random 
spurious results, which can be fed to emergency assessment 
personnel in emergency exercises. A second computer will 
probably be needed for this. 

CONCLUSIONS 

The UKAEA UMPIRE system has been used in emergency exercises 
to provide information to the health physics personnel assessing 
offsite consequences of an airborne radioactive release. 
UMPIRE2 has been developed to enable monitoring data to be used 
to reconstruct the release and extrapolate the resulting doses 
to other locations. 
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ADDCOR: AN ATMOSPHERIC DISPERSION AND DOSIMETRY CODE 
FOR OPERATORS AND REGULATORS 

M.C.E. Petersen and G.H. Clark 
Lucas Heights Research Laboratories 

Lock Mail Bag No. 1, Menai 2234, N.S.W., Australia 

ABSTRACT 

A general purpose atmospheric dispersion and radiation dosimestry code 
is described. This code provides a ready means for estimating the 
degree of compliance of radiation doses received by members of the 
public and others with the ICRP dose limits. The code is especially 
applicable to the normal atmospheric releases from a nuclear 
establishment with a diverse and varying range of activities. It can 
also be applied to accidental releases. 

Major features of the code are that it 
provides for a number of sources and receptor locations which can be 
readily varied; 
provides hourly nuclide release rates from summary input data with 
hourly meteorological data; 
contains an extensive library of the dose conversion factors; 
allows a variety of exposure routes and individual habits to be 
included. 

The code can also be used for estimating collective doses. Finally, the 
code has been written in FORTRAN 77 for portability and has been highly 
structured to aid approval reviewing by authorizing bodies. 

An illustration of the code is included. 
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A COMPUTER MODEL ON CONSEQUENCES OF SUDDEN RELEASE 
OF RADIOACTIVITY INTO THE ENVIRONMENT 

M. Chandraslekhar, Hemant Kumar, P. Ramaseshu, 
M.M. Gupta and A.R. Reddy 

Defence Laboratory Jodhpur 342001, India 

ABSTRACT 

Events like Chernobyl and Three Mile Island have demonstrated 
the vulnerability of reactors to accidents and human errors in 
spite of elaborate safety measures. Radioactive plume from such 
accidents can propagate over large distances. This calls for 
a quick assessment of the situation for emergency planning. 
Keeping this in mind a software has been developed on a personnel 
computer (an IBM PC compatible) with 256 K memory. This predicts 
the exposure level due to accidental release of radioactivity in 
the atmosphere. Gaussian dispersion has been assumed for both 
horizontal and vertical propagation. This is a modified version 
of WASH-1400 (Ref: USNRC(l975) Reactor Safety Study - an assessment 
of accident risks in US commercial nuclear power plants NUREG-75/ 
014). Input release characteristics include magnitude, duration, 
isotopic concentration, probability and height of release. 
Meteorological factors like wind speed and atmospheric stability 
have been incorporated in a time variant mode. This software has 
the added advantage of the presentation in color graphics enabling 
quick visual judgement. 

This was employed to evaluate the dose levels around Chernobyl. 
The meteorological data were deduced from the published accounts. 
A half an hour release of 8 MCi, excluding noble gases, on the 
first day at a height of 1200 m was assumed with I-131 as the 
dominant component. For noble gases a 100% release was assumed 
(Ref: IAEA Safety Series No. 75-INSAG-1, 1986). The external 
exposures are estimated to be 140 mR/hr each for the population 
around 4 km distance. This compares reasonably well with the data 
published in IAEA report. 
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COMPUTER-CONTROLLED CONTINUOUS MEASUREMENT OF RADIOACTIVE AEROSOL 
NEAR NUCLEAR POWER PLANTS 

Masaki.OHNISHI, Yoshihiro.KOSAKA, Hironobu.HAYAKAWA, 
FUKUI PREFECTURE ENVIRONMENTAL RADIATION MONITORING CENTER 

ABSTRACT 

The essential components of the continuous measurement system 
of radioactive aerosol consist of the air sampler and the counting 
equipment. We have been continuously measuring radioactive aerosol 
concentration since April 1986. The radioactive aerosol in the air 
consists mainly of radon( 222Rn), thoron( 220 Rn) and their decay 
products. The concentration of these nuclides fluctuate about two 
order at outdoor(Shimo and Ikebe,1979) and are much higher than 
the ordinary released concentration of nuclides from nuclear power 
plants. Accordingly, it is very difficult to separate them based 
on real-time measurements. We found a solution to measuring alpha 
and beta activities simultaneously during the collection of radio
active aerosol, so we are now able to discriminate between manmade 
radioactive nuclides from the Chernobyl accident and the decay 
products of radon. 

INTRODUCTION 

It has been very important to continuously measure the 
variation of environmental concentrations of radioactive aerosol 
for the detection of the nuclides from nuclear power plants, and 
for the study of internal irradiation caused by inhalation of 
radon, thoron and their decay products. The method of detecting 
manmade radioactive nuclides in aerosol is generally to measuring 
activities of aerosol sample after decrease of the short-lived 
radon daughters by radioactive-decay. However, this method has 
never been accomplishment to measuring concentrations of short
lived radon daughters . 

In this work, we adopted the continuous measurement system 
of radioactive aerosol in the air, which is accomplished through 
filter collection and by simultaneously measuring both alpha and 
beta activities during the collection. The pulse height from the 
detector depends on an incidence radioactive ray, so they can be 
separate by pulse height. If aerosol consists of only short-lived 
radon daughters, so the ratio of beta concentration with alpha 
concentration is almost constant. Therefore, we are able to 
discriminate between beta-emission nuclides and the short-lived 
radon daughters. 

THE STRUCTURE OF MEASUREMENT EQUIPMENT 

Figure 1 shows the computer-controlled continuous measurement 
equipment. It is located in a monitoring station. The equipment is 
composed of an air collecting system and a counting system. We use 
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a roll glass-cellulose filter paper(TOYO HE-40T, 90m) to collect 
aerosol with a pump. The size of an intake is 45mm in diameter. The 
detector is placed opposite to an intake. Accordingly, during the 
collection, it is possible to measure both alpha and beta activities 
for aerosol on the filter. The flow rate is about 2001/min. 

It should be noted that a glass-eel lulose filter paper can 
not collect gaseous iodine, so we adopted a charcoal-cartridge 
treated with 10 percent-weight tri-ethylene-di-amine(TOYO CHC-50, 
TEDA 10%). For the purpose of effective collection for gaseous 
iodin~ in a month, the air through a charcoal-cartridge is branched 
from the air intake and a heater is equipped at previous roots of 
collection to gaseous iodine<Yoshida and Naritomi,1974). 

The counting system consists of a plastic scintillation 
detector coated with zinc sulfide silver-activated on it's surface, 
a single channel analyzer, a counter, a coincidence circuit, a 
timer, a printer and a sequence controller. A controller which has 
a microcomputer for the management of this continuous measurement 
system gives two signals. One of the signals starts the filter step 
transfer to the collecting system, the other starts the counter. 
The pulse height from the detector depends on an incidence radio
active rays. The pulse height originated in alpha is much higher 
than the one originating in beta. Therefore, it is able to separate 
alpha-ray from beta-ray signals by a single channel analyzer. The 
pulse from the single channel is counted by a counter. 

The intermixture rate to alpha from beta is almost 0% and 
the intermixture rate to beta from alpha is about 10%. Efficiency 
for alpha from the U3 08 plate standard source is about 10% and 
the beta is about 30% from the same source with a 27mm aluminum 
shield to alpha. The minimum detectable activity is 70mBq/m3 for 
alpha activity and 180mBq/m 3 for beta activity when all of the 
radioactive aerosol is composed of short-lived radon daughters. 

We have five systems. Four systems among them are placed in 
a monitoring station near nuclear power plants. The distance from 

Fig.l The structure of measurement equipment. 
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the monitoring station to the plants is between 1km to 2km. The 
distance of each monitoring station is about 10-15km, and the 
distance from the monitoring station to our monitoring center 
varies from 10km to 50km <Hayakawa,Iyo and Ohnishi,1982). Measure
ment data is automatically sent to the monitoring center at ten 
minute intervals by a wireless transmission controlled by a computer 
at the monitoring center. The concentration of radioactive aerosol 
is calculated by using a 32bits computer. The calculation for 
concentration of short-lived radon daughters is done by assuming 
the radioactive equilibrium with the short-lived radon daughters and 
neglecting the thoron series. 

RESULT 

Figure 2 shows the monthly arithmetic mean of alpha and beta 
in the surface layer. Seasonal variations of short lived radon 
daughters at ground level show a maximum in June-September and a 
minimum in January-March. The concentration is about two times 
higher at the maximum season than minimum season. The results of 
the measurements show that the concentration level of short lived 
radon daughters is close, except at OGURUI. The seasonal variation 
is also very similar. 

The Chernobyl accident occurred in late April 1986. Figure 3 
shows the concentration of short lived radon daughters calculated 
by alpha or beta counting, and the ratio of beta to alpha concent
ration. The diurnal variations show a minimum at noon and a 
maximum at midnight. The average concentration of short-lived 
radon daughters during April 1986 was 2.07Bq/ml for alpha counting 
(with a range from 0.59 to 9.91 Bq/m 3 ), and 1.78 Bq/m3 for beta 
counting (with a range from 0.55 to 8.44 Bq/ml ). These concent
ration levels were the same during May 1986. So, it is hard to 
discriminate between radioactive nuclide aerosols released from 
nuclear power plants and short-lived radon daughters merely by 
observing the concentrations from alpha or beta measurements. 
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and beta/alpha ratio in the surface layer during 29.Apr-9. May. 

The average of ratio, which is beta concentrations to alpha 
concrntrat1ons. is 87% and the standard deviation is 5%, during 
Apcii 1986. The r.:1tio is almost chongeless. But, the remarkable 
chan~e of ratio is shown in Figure 3. They correspond to the 
additional nuclides of a shor·t-1 ivrd radon daughter's activity as 
measured at the Chernobyl accident independently on real-time 
aerosol monitor1ng. 

CONCLUSION 

From April 1986 to June 1987, seasonal variations of short
lived radon daughters showed a maximum in June-September and a 
minimum in January-March. In spite of real-time measurement for 
radioactive aerosol, we are able to discriminate between the 
radioactive aerosols from the Chernobyl accident and the short
lived radon daughters. 
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REt·'!OTE ~iEASURING SYSTEt-1 FOR rlONITORING THE IODINE Hlf-iiSSION IN 
THE VICINITY OF NUCLEAR POWER PLANTS *) 

M. Heinzelmann, M. Keller 
Nuclear Research Centre JUlich 

Department of Safety and Radiation Protection 

Radioactive substances may be released into the atmosphere 
during major accidents at nuclear facilities. Since the emission 
rate and composition of the mixture of emitted nuclides is 
generally not known, appropriate measurements must be made in 
the vicinity of the plant. The radiation exposure in the 
possibly critical exposure pathways, i.e. the whole-body dose 
due to Y-submersion and the thyroid dose due to incorporation of 
radioiodine, should be determined immediately at various 
locations in the environment. 

In general, existing systems only provide telemetric 
monitoring of the Y-dose rate during an accident. A suitable 
iodine measuring instrument and a data transmission and 
processing system have therefore been developed at the ~uclear 
Research Centre Julich for use during accidents (1-3). This 
system consists of six iodine measuring instruments in the 
vicinity of the Nuclear Research Centre JUlich (KFA) and a 
central measuring unit which are connected to each other via a 
dedicated line. During an accident, the iodine measuring 
instruments determine the iodine thyroid dose which is pro
portional to the I-131 activity collected in the iodine detector. 

The iodine measuring instrument contains a small Nai 
scintillator (10 mm in diameter x 10 mm in height) in a lead 
shielding 15 em in thickness (Fig. 1 ). The scintillator is 
surrounded by a ring-shaped iodine collecting cartridge through 
which a controlled air flow of 100 1/h can be sucked via an 
aerosol filter. This air supply is only switched on from the 
central measuring unit in the case of an accident. A glass-fibre 
filter is used as the prefilter. The iodine collecting cartridge 
is filled with silver zeolite granules. All hose connections and 
the filter casing are made of Teflon. The lead shielding 
contains a heating element by means of which the collecting 
cartridge is heated to 10°C above the ambient temperature. This 
prevents a reduced iodine deposition at high atmospheric 
humidity. A Ba-133 source is mounted above the Nai scintillator. 
It serves to control the amplification of the detector by means 
of a two-channel discriminator adjusted to the Ba-133 Y-line. 
The pulses recorded in the Nai scintillator are measured by a 
single-channel discriminator adjusted to the 356 keV Y-line of 
the Ba control source. 

The central measuring unit interrogates the individual 
stations at intervals of 1 minute, calculates 10-minute mean 
values and converts the count rates into dose values. The values 
are displayed on a screen, plotted on a multiple recorder and 
printed out together with date and time. Two threshold values 

*) Supported by funds from the Federal Ministry of the Interior, 
funding number St.Sch. 936 



can be preset. The failure of or a defect in a measuring station 
is identified by the central measuring unit and indicated in the 
measuring records. 

The iodine measuring system can be extended to form a 
comprehensive accident measuring system which is also capable of 
measuring the Y-dose rate and assessing the aerosol concentra
tion. In order to demonstrate this, one of the six iodine 
measuring instruments was extended by a Y-probe with two Geiger
MUller counters and by an aerosol monitor. 

The measuring range for the iodine thyroid dose extend0 
from 1.5 mSv to 20 Sv. The value of the lower detection limit is 
given by the statistical fluctuations of the count rates of the 
Ba-133 control source. The measuring instrument is equally 
suitable for measuring elementary and organically bound I-131. 
Even in the case of high atmospheric humidity, the collection of 
organically bound iodine is not impaired. The amplification of 
the iodine measuring instrument is controlled so well that the 
count rate varies by less than 2.5 % in the temperature range 
from 1°C to 40°C. The amplification control is insensitive to 
interfering radiation. If, for example, 9.3 times as much 
radiation from Cs-137 as from I-131 is recorded in the window of 
the I-131 line (Fig. 2), the amplification is nevertheless kept 
constant for at least a further 24 h. External Y-radiation is 
attenuated by a factor of more than 10,000 due to the lead 
shielding. Radioactive noble gases only increase the detector 
reading very slightly. The increase in this reading corresponds 
to a thyroid dose which is small in comparison to the dose rate 
in the cloud of radioactive noble gases. The iodine measuring 
instrument requires practically no servicing since the air flow 
is only switched on when required. 

The iodine measuring system has been in operation since 
April 1985 and no major malfunctions have occurred to date. The 
iodine thyroid dose caused in JUlich by the reactor accident at 
Chernobyl was smaller than the lower detection limit during the 
normally applicable measuring time of 10 minutes. By increasing 
the measuring time to 1 hour it proved possible to measure the 
iodine thyroid dose caused by the disaster at Chernobyl (Fig. 3). 

In order to be able to measure also the iodine thyroid dose 
in the case of minor incidents or accidents at great distances, 
the lower detection limit is in future to be reduced by a factor 
of at least 10. After preliminary measurements it seems possible 
to achieve a lower detection limit of at least 0.1 mSv using a 
selected CdTe detector 10 mm in diameter and 2 ~m in thickness 
in conjunction with the iodine accident measuring system. Since 
the temperature dependence of the amplification of the CdTe 
detector is considerably lower than that of the Nai 
scintillator, no a~plification control would be required for the 
CdTe detector and the entire accident measuring system would 
thus be further simplified. 
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Fig. 3: Reading of an iodine measu~ing instrument after the 
Chernobyl accident 

r ,, •j 
-~ . .-v .- t_ 



IN-SITU MEASUREMENT Or RADIOACTIVE GASES USING Ge(Int) SPECTROMETORY 
FOR ESTIMATING THE GASES FLOW RATE 

T. Hashimoto, M. Nishikawa. T. Watari and T. Uchino 
Radiation Contorol Office, The Japan Atomic Power Co., Tokyo, Japan 

ABSTRACT 

Recently, according to the improvement of fuel performances, short-Jives 
nuclides such as 190 and 16N have become mainly of the gaseous radioactivity in 
the turbine system at BWR plants. Therefore, the variation of the flow rate in 
main steam system greatly infuluences to the area radiation level, and it is 
very important to grasp the flow rate and the relations to the dose rate. On the 
other hand, the conventional flow rate measuring devices are accompanied with 
their inherent instabilities of indication on measuring the steam flow. 

In this study, we confirmed the existence of these short-lives nuclides and 
their contribution to area dose rate by in-situ measurment using a portable 
Ge(Int) spectrometer, and developed a method for estimating flow rate by 
radioactive gases analysis. 

IN-SITU MEASUREMENT AND STUDY 

a. Measuring Device 
The measuring device comprises Ge(Int) detector and pulse-height analyzer. 

The relative efficiency and resolution of Ge(Int) detector are 20 % and 2 keV, 
respectively. It has a liquid-nitrogen container of 1.2 ~capacity and is 
capable of performing one-day measurement. The pulse-height analyzer has a 
memory capacity of 4098 channels and high-voltage power supply unit, amplifier 
and a cassette tape for recording measured data are all built in. The 
measurement result is analyzed by a separate computor. The shielding around the 
detector is made of 10 em thick lead and has a collimating function and 
therefore is capable to perform measurement even at the field where the dose 
rate is at high level. 

b. Measurement around Main Steam Line 
The measurement is performed around 

main steam line at both reactor outlet 
side and low-pressure turbine inlet side 
(See rig. 1). The measurement 
corresponding to electrical output was 
made at low-pressure turbine inlet side, 
and the measurement at a time of full 
power only was made at reactor outlet 
side. 

The result of gamma-ray spectrum 
and surface dose rate shows in Table. 1 
and rig. 2. 
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From the measurement by Ge(Int)detector, only two nuclides of 16 N ( half
life 7.13 sec.) and 15C ( half-life 2.4 sec.) were analyzed. The following 
differences are seen by looking 
6.13 MeV and 5.3 MeV. 

from the peak count ratio of gamma-ray of 

Rr = I 1 5C 5. 3 MeV 1 
l 16N 6.13MeV J 

Rt = ( 1 5C 5. 3 MeV J 
16N 6.13MeV 

Reactor side 

Turbine side 

= 0.752 

= 0.321 

Since these differences are considered to have resulted from the difference 
of radioactive decay effect during steam flow from reactor side to turbine side, 
the steam travelling time (T) is obtained from the following equation: 

Rr = exp ( An - A c ) T = Rt 

T = ~n(~~) (1) 

An - Ac An : Decay constant of 16 N 
A c : Decay constant of 15C 

The steam travelling time from reactor side at full power to turbine side 
calculated by equation (1) will be approx. 4.4 seconds. 

TURBINE SIDE REACTOR SIDE 
ELECTRICAL PEAX COUNT RATE PEAK COUNT RATE 
ONTPUT OOSE RATE 10N (6.13MeV) 15C(5.3MeV) uH+ uc OOSE RATE '"N (6.13MeV) 1'C(5.3MeV) 

liVe IIR/hr CPS cps CPS IIR/hr cps cps 

163 23 24.0 2.1 26.1 400 -- --
183 31 31.3 4.0 35.3 450 -- --
254 59 53.2 9.4 62.6 620 -- --
309 105 7 1.2 19.6 90.8 720 -- --

357 140 83.6 26.8 1 1 0.4 830 44.4 33.4 

Table 1 Result of gaua·ray spectroscopy and surface dose rate of ~ain steaJ line .easuraent 

Fig. 2 Gam-ray spectru1 at aain steaa I ine 
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The relationship between 
electrical output and dose rate will 
be almost 1 to 1 around main steam 
line, while rising ratio of dose rate 
of turbine side against electrical 
output is larger coapared that of 
reactor side (See Fig. 3). 
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"' ~ 
"' ::J 

This can be explained by the 
fact that the nuclides contributing 
to dose rate are of onh two kinds of 
16N and 15C and that flow rate is 
proportional to electrical output. 
That is: the dose rate at reactor 
side which corresponds to the output 
at a ratio of 1 to 1 becomes larger 
at turbine side because of decay 
effect that if flow rate becomes 

~ 10
1 

~----------------------------_J 

larger the flow travelling time 
becomes faster and decay effect 
becomes saaller. 

This is verified by the fact that the 
result of reverse operation of the peak 
count of 16N and 15C at each power level 
at turbine side to the peak count at reactor 
side from decay effect and steam flow rate, 
calculated by the following equation, often 
agrees with inclination curve of the dose 
rate at reactor side (See Fig. 4). 

Nr = Nt * exp (A. n) * R * T 

T: Steam travelling 
time at full power 

( 4.44 sec. ) 
R : Full power/applicable 

power ratio 
Nt: Peak count at 

turbine side 
(actual measurement) 

Nr: Peak count at 
reactor side 
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ELECTRICAL OUTPUT (MWe) 

Fig. 3 Relationship between dose 
rate and electrical output 
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C Dose rate 
(Reactor side) 

6. Peak count rate 
(Measured) 

8 Peak count rate 
(Estimated) 

ELECTRICAL OUTPUT 

Fig.4 Dose rate and peak count rate 
-- at each electrical output 

c. Measurement around Turbine Gland Seal Steam Exhaust Line 
For aeasurement on turbine gland seal steam exhaust line, the measurement 

was performed on both upstreaa and downstreaa side like the case of main steam 
line, using Ge(Int) detector (See Fig. 1). Examples of measured spectrum are 
shown in Fig. 5. From the concerned exhaust line, gamma-ray of 190 ( 1357 keV, 
half-life 9.96 min.), 13 N ( 511keV, half-life 26.9 sec. ),etc. were analyzed. 



Fig. 5 Ga1aa·ray spectm at turbine grand seal steam exhaust line 
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Like the case of main steam line, the steam travelling time obtained from 
the difference in the peak count of 190 and 13 N was 41.8 sec. Further, the gas 
flow rate obtained from the distance between measured points (21.8 m) and pipe 
cross sectional area (0.235 m2 ) was 442 m3/hr, and this value agrees quite well 
with the indication of conventional process flowmeter. 

CONCLUSION 

By in-situ measurement using Ge(Int) detector, identification of short
lives nuclides, which is difficult to analyze with the normal sampling 
measurement, becomes possible and, in addition, the nuclides contributing to the 
dose rate is clarified and also gaseous travelling time or flow rate are 
obtainable. 

In the past, at nuclear power plant it was considered that contribution of 
fission products to the dose rate such as noble gas contained in the gas was 
large and that indication of gas monitor was affected by this contribution. 

However, at present where fuel performance has been iaproved, indication of 
the monitor is affected by 13N, 16 N, 15C, 190, etc. 

Accordingly, it is necessary to pay attention to the fact that flow rate 
gives influence to variation of gas monitor indication since these nuclides are 
of short-lives nuclides. 



A NEW TYPE OF STACK GAS MONITOR DIRECTLY INDICATING 
EXPOSURES IN ENVIRONMENT 

Kentaro MINAMI, Hiroyuki MURAKAMI, and 
Yoshikazu YOSHIDA 

Department of Health Physics 
Japan Atomic Energy Research Institute 

Tokai-mura, Naka-gun, Ibaraki-ken, 319-11, JAPAN 

INTRODUCTION 

In case of reactor accidents, it is desirable that a stack 
gas monitor for measuring of mixed radioactive rare gases of high
concentration indicates a value directly proportional to the expo
sure rates in the environment. A new type of stack gas monitor was 
developed to predict the exposure rate in the environment through 
measurement of exposure rate and an average y-ray energy of re
leased mixed radioactive rare gases. This paper describes the 
principles of the new measurement method. 

PRINCIPLE OF A NEW STACK GAS MONITOR1 ) 

The exposure rates at ground surface in the downwind axis due 
to radioactive rare gases released from an exhaust stack have been 
calculated by the following equation2). 

D(xo ,yo ,0) = K· Z 
i,j 

Q. •P .. •E .. "].1 (E .. ) ·Joofoo Joo 
~ ~ 'J ~ 'J a ~ 'J 0 _oo 0 

-].1 (Ei J.) •r 
e ' 

·B(E .. ,r) ·x(x,y,z)dxdydz • • • (1) 
~.J 

where, D(x 0 ,y 0 ,0): exposure rate at a point (x 0 ,y 0 ,0) 
K conversion factor to exposure rate (5.08x10- 2 

]JR •m 3 /MeV ·Bq •h) 

r distance between a volume element in the radioactive 
plume and the calculation point 

Qi radioactivity release rate of the i th nuclide 

P .. : absolute emission rate of the j thy-ray of the i th 
~.J nuclide 

E .. : y-ray energy 
~.J 

ll (E. . ) : energy absorption coefficient of air 
a ~ ,J 

ll (E .. ): attenuation coefficient of air 
~ ,J 

B (E. . , r): dose build-up factor of air 
~.J 

x(x,y,z): radioactive concentration in a radioactive 
plume for a unit release rate from exhaust stack 

In the calculation, however, complicated nuclide analysis of 
released radioactive rare gases must be made so that the radioac
tivity release rate of respective nuclide could be obtained. 



A new stack gas monitor, as shown in Fig. 1, has two 
detectors in a limited space, whose y-energy dependence is 
different each other. When mixed radioactive rare gases are 
allowed to flow continuously through the limited space (cylindri
cal gas tank), exposure rates at the center of the cylinder, D, 
can be ~easured with the detectors and average y energy of the 
gases, E, can be also determined using the sensitivity ratio 
between the response of the detectors. If the quotient of radioac
tive concentration by y ray flux density is defined "y-ray collec
tion function", s, the equation (1) can be written as the following 
equation (2). 

D(x Y 0) = D•V fcofoo Joo 
, , E 0 _oo 0 B(E,r)·x(x,y,z)dxdydz ( 2) 

where V: exhaust air flow rate from stack. 

Therefore, the exposure rate in downwind axis at ground surface 
can be calculated directly without the measurement of radioac
tivity release rate by laborious nuclide analysis. In the equation 
(2), D; V and E are measurable phisical quantities and the value 
of s can be determined experimentally using the standard radioac
tive rare gases such as 41 Ar and 133 Xe. DV/s has a special unit 
(R/h•m 2 •1/h) and so the authors call it "4n exposure rate release 
per unit time". 

Exhaust 
air flow meter 

f 
F 

Stack 

Pump 

Air 

A detector having 
a flat response 

A detector having 
an energy dependency 

Fit:. 1 Schematic diagr·am of an omor·gency-uso stack gas monitor· 
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RELATION BETWEEN THE INDICATED VALUE 
OF THE MONITOR AND THE EXPOSURE RATE IN THE 
ENVIRONMENT 

In the equation (2) , the term of integration means the 
product of radioactive concentration and the volume element, that 
is, the integration of radioactivity divided by area. It is thus 
they-ray flux density at the exposure point (x 0 ,y 0 ,0). Accord
ingly, the equation (2) is written as 

D·V D(xo,yo,O) = --- N(xo ,yo,O) s 
• • • • • • • • • • • • • • • • • • • • • • • ( 3) 

where N(xo,y 0 ,0): y-ray flux density at the point 

In the equation (3), V·N(x 0 ,y 0 ,o) has the dimension of length 
(m), so it can be the y-ray collection function at the point in 
the environments (x 0 ,y 0 ,o). Therefore the equation (3) is 
written as en 

sen ( x o , yo , 0) 
D(xo,yo,O) = s · D • • • • • • • • • • • • • • • • • • • • • ( 4) 

where sen(x ,y ,0): y-ray collection function at an exposure 
point in the environment 

In the equqtion (4), when the ratio sen<xo ,yo ,0)/s defined as 
K1 (x 0 ,y 0 ,0), is regarded as a constant the exposure rate at a 
exposure point in environment is found to be proportional to the 
indicated exposure rate in the stack gas monitor. 

Sen<xo ,yo ,0) in eq. (4) is calculated with GAMPUL code 3 ) for 
the degrees of atmospheric stability, for a specific height of the 
stack, with the normalization of y-ray energy 1 (MeV), radioactiv
ity release rate 1 (Bq/h) and wind velocity 1 (m/s). So the 
values of K1 (x 0 ,y 0 ,0) are obtained with atomospheric stability as 
parameter. 

There is the possibility that the value of K1 (x 0 ,y 0 ,0) varies 
withy-ray energy of released radioactive rare gases. Therefore, 
the correction factor for y-ray energies other than 1 (MeV) was 
calculated by the equation (5). However, variation of they-ray 
collection function s with the energy can be negligible because 
the cylindrical space of the stack gas monitor is sufficiently 
small compared with the environment and the energy albedo due to 
gas tank walls is less than 10 %. 

Joo loa Joo 2 - ]l (E) • r -(4nr )- 1 ·e ·B(E r)·x(x y z)·dx 
6-00 0 ' ' ' 

dy dz 

foo{ooJoo -]1 (1) •r "" ( 4 n r 2 
) -

1 
• e · B ( 1 , r) • x ( x , y , z ) · dx 

0 0 

(5) 
dy dz 



Where, 
Kz(E): y-ray energy correction function for K1 (x 0 ,y 0 ,0) 

The calculation with eq. (5) can be done with GAMPUL code3 ) 
for respective degrees of atmospheric stability. With K2 (E) and 
K1 (xo ,y 0 ,0), the eq. (4) is given as eq. (6). In the equation, 
the fact that the exposure rate is inversely proportional to the 
wind velocity at an exposure point, is taken into account. 

D(xo,yo,O) 

Where, 

K1 (xo,yo,O)·Kz(E). D 
u 

u average wind velocity (m/s). 

• • • • • • • • • • • • • • • • • ( 6) 

As the variation of K2 (E) withy-ray average energy of 
released radioactive rare gases is about ±50 % in a wide energy 
range of 50 keV to 2 MeV, so that the value is essentially taken 
as 1. Therefore, the exposure rate at an exposure point is obtain
ed easily from the measured exposure rate in the monitor, the wind 
velocity and the proportional constant K1 (x 0 ,y 0 ,0) determined by 
atomospheric stability, irrespective of the y-ray energy. 

CONCLUSION 

Major features of this gas monitor are as follows. Exposures 
in the environment due to release of mixed radioactive gases from 
a reactor can be estimated accurately and rapidly without labori
ous means such as nuclide analysis. And calibration and adjust
ment of the apparatus can be simplified. So this type of stack 
gas monitor is suitable especially in case of reactor accident. 
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APPLICATION OF ACTIVATED CARBON FIBER TO A FILTER USED FOR 
AIRBORNE RADIOIODINE SAMPLING 

Shohei KATO, Mikio MURATA, Yoshikazu YOSHIDA 
Japan Atomic Energy Research Institute, Tokai-mura, Naka-gun, 

Ibaraki-ken, Japan 
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INTRODUCTION 

An airborne radioiodine sampling filter is required to have 
low pressure drop, mechanical strength enough to a practical use 
and high collection efficiency under high relative humidity(RH). 
To develop a filter to meet the requirements, the influences of 
impregnation amount of triethylenediamin(TEDA) on the collection 
efficiencies for methyl iodide and the reaction rates were 
investigated for several kinds of activated carbon fiber varied in 
specific surface area, pore diameter, etc. Silver silica gel(Sut 
Chemi, AC6120)[1], silver zeolite(CTI Nuc., AgX Type III)[2], 
silver alumina(Hitachi Co.)[3] and granular activated charcoal 
were also examined for comparison. 

A new type filter made of activated carbon fiber(ACF filter) 
was developed based on the above experimental results. The ACF 
filter was examined for the pressure drop by the filter and 
collection efficiency for methyl iodide being compared with other 
types of filters such as an activated charcoal cartridge(ACC)[4] 
and an activated charcoal filter paper(ACP)[5]. 

EXPERIMENTAL 

Specification of activated carbon fibers(Toyobo Co. Ltd.) 
tested are shown in Table 1. The surface of the fibers is smooth 
and there is no macropore on the surface. 

Table 1 

Fiber 

Fiber-A 
Fiber-B 
Fiber-C 
Fiber-D 
Fiber-E 
Fiber-F 

Specification of examined activated carbon 

Diameter Density Specific Mean pore 
of fiber surface radius 

(pm) (g/cm3) area(m2/g) (nm) 

19 1.30 1100 2.0 
25 1. 05 1500 2.0 
15 0.90 1650 2.0 
25 1.10 1300 2.4 
9.0 0.70 2000 2.0 
9.0 1.10 1400 2.0 

fibers 

Bulk 
density 
(g/cm3) 

0.073 
0.050 
0.055 
0.057 
0.050 
0.19 

An apparatus used for testing on collection efficiency was 
made up of an air compressor, a dryer, a boiler, a CH3131I 
generator, a test holder, etc. The main parts were installed in a 
constant temperature box. For the examination of fibers, the test 
holder was composed of a cartridge, in which an adsorbent such as 



the fibers, Ag-zeolite etc. was packed, and a back-up trap. On 
the other hand, for the examination of filters, the holder was 
composed of a test filter, such as ACF filter and ACP, and a back
up trap. 

An air mixed with CH3lJli ( 2xl0-9 g/cm3) was drawn through 
the test holder. Tests were carried out under RH of from 20 % to 
90 %, temperature of 30 oc, a flow rate of 50 liter/min and 
sampling time of 60 min. After collecting the iodine, the 
radioactivities in the cartridge, the test filter and the back-up 
trap were measured to calculate collection efficiencies. 

RESULTS AND DISCUSSION 

1. CHARACTERISTICS OF ACTIVATED CARBON FIBER 

IMPREGNATION AMOUNT OF TEDA TEDA is usually impregnated to 
collect organic iodide. Figure 1 shows the relationships between 
the impregnation amount of TEDA and the collection efficiencies at 
90% RH. Collection efficiencies for all fibers varied depending 
on the amount of TEDA. It was observed that the collection 
efficiency had a maximum at a certain impregnation amount of TEDA. 
The impregnation amount was adopted for the following 
examinations. 

REACTION RATE OF ACTIVATED CARBON FIBER WITH METHYL IODIDE A 
collection efficiency for methyl iodide depends on thickness of 
adsorbent, flow rate, sampling time, RH, etc. Therefore, the 
performance of filter is generally expressed by a rate constant 
defined by the following equation [6,7]: C/Co = exp(-K•T) ,where 
C: outlet concentration, Co: inlet concentration, K: rate 
constant, T: residence time in the adsorbent. Table 2 shows the 
rate constants of fibers measured at 90 % RH. 

Table 2 Rate constants for reaction with methyl iodide 

Adsorbent Shape Impregnant Rate constant 
(s-1) 

Fiber-A fiber 0.7 wt% TEDA 16 
Fiber-B fiber 3.0 wt% TEDA 23 
Fiber-C fiber 6.5 wt% TEDA 53 
Fiber-D fiber 4.3 wt% TEDA 49 
Fiber-E fiber 7.3 wt% TEDA 68 
Fiber-F fiber 6.0 wt% TEDA 121 
Activated granule(l2x30) 5.0 wt% TEDA 56 

charcoal 
Ag-zeolite bead(l0xl6) 38 wt% Ag+ 18 
Ag-silica gel bead(l0xl6) 12 wt% AgN03 23 
Ag-alumina bead(l0xl6) 9 wt% AgN03 38 

The rate constant of Fiber-A which has small specific surface 
area was smallest. On the other hand, the Fiber-F which has 
large specific surface area had the largest rate constant in all 
fibers. These results and Table 1 indicate that the fibers with 



large surface area per unit volume have a tendency to have large 
rate constants. Table 2 also shows the rate constants of silver 
silica gel, silver zeolite, silver alumina and granular activated 
charcoal for comparison. The rate constant of Fiber-F was about 
2, 7, 5, 3 times as large as that of activated charcoal, Ag
zeolite, Ag-silica gel and Ag-alumina, respectively. 

2. CHARACTERISTICS OF ACF FILTER 

SPECIFICATION OF ACF FILTER The ACF filter was made of knit of 
Fiber-F impregnated with 6 wt% TEDA based on the above results. 
It was 60 mm in diameter, 2.5 g in weight and 4 mm in thickness. 
The influence of the distribution of activity in the filter on a 
geometric counting efficiency could be neglected because of the 
thin thickness. The filter has mechanical strength enough to a 
practical use and the fragments of the fiber do not come off. 

PRESSURE DROP BY ACF FILTER The relationships between the 
pressure drop and the flow rate were investigated for the ACF 
filter, ACC(Toyo Sangyo Kagaku, CHC-50), ACP (Toyo Sangyo Kagaku, 
CP-20) and a glass filter paper for aerosol sampling(GFP). The 
pressure drop of ACF filter was 14 mmAq at 50 liter/min( face 
velocity: 42.5 cm/s). It was 1/14, 1/10 and 1/7 of ACP's, GFP's 
and ACC's, respectively. 

EFFECT OF RELATIVE HUMIDITY ON COLLECTION EFFICIENCY Effect of RH 
on the collection efficiency of the ACF filter for methyl iodide 
was measured. The relationships between collection efficiencies 
and RH are shown in Figure 2 comparing with the results for ACP. 
The efficiencies for both the ACF filter and the ACP decreased 
with increase of RH. The collection efficiency of the ACF filter 
was 67 % at 90 % RH, which was about 7 times as high as that of 
ACP. The collection efficiencies for 8 h sampling time were 50, 
65 and 88 at 90, 75 and 60 % RH, respectively. With increasing 
sampling time from 1 h to 8 h, the collection efficiency decreased 
by only a few percent at 60 % RH and by 15 % at 90 % RH. 

PRACTICAL USE The ACF filter was practically applied to collect 
airborne radioiodine in a ventilation air of a research facility. 
Sampling conditions were as follows: sampling time of 24 or 48 h, 
RH of 34 to 78 % and sampling flow rate of 50 liter/min. The 
collection efficiencies of the ACF filter were 92 to 93 % and 85 
to 91 % for the sampling time of 24 h and 48 h, respectively. On 
the other hand, the collection efficiencies of the ACP were about 
one fourth of those of the ACF filter. It is proved that the ACF 
filter has excellent performance for practical use. 

CONCLUSIONS 

To find a suitable activated carbon fiber as an adsorbent for 
radioiodine, the collection efficiency for methyl iodide was 
examined for six kinds of fibers varied in specific surface area, 
pore diameter, etc. Based on the results, ACF filter with 60 mm 
in diameter and 4 mm in thickness was made of knit of Fiber-F 
impregnated with 6 wt% TEDA. The ACF filter has mechanical 
strength enough to a practical use and fragments of the fiber do 



not come off. The pressure drop by the ACF filter was 14 mmAq at 
a flow rate of 50 liter/min, which was l/14 of that by the ACP. 
The ACF filter was practically applied to collect airborne 
radioiodine in a ventilation air of a research facility. The 
collection efficiencies of the ACF filter under flow rate of 50 
liter/min were 92 to 93 % and 85 to 91 % for the sampling time of 
24 h and 48 h, respectively. 
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FIRST RESULTS OF TESTING A STEPWISE ROTATED 
AEROSOL FILTER SYSTEM FOR ENVIRONMENTAL MONITORING 

K. Heinemann 
Department of Safety and Radiation Protection 

Kernforschungsanlage Julich GmbH 

INTRODUCTION 

The monitoring of the gross beta aerosol activity released 
from nuclear facilities is of great importance for environmental 
surveillance. In order to measure this activity by one monitor, 
both during normal operation (down to 10- 2 Bq/m 3

} and in the case 
of an accident (up to 10 6 Bq/m 3

) this device must cover a range of 
more than eight orders of magnitude. Moreover this equiqment should 
not be too expensive in construction and operation, it should be 
very simple in regard to the sampling technique and it should 
comply with all requirements made by national regulations and 
modern data handling. Until now no such monitor has been available. 
In the past few years the Nuclear Research Center Julich has 
developed a stepwise rotated aerosol filter system for environ
mental monitoring. The system and the first results of its tests 
will be reported in this paper. 

BASIC CONSTRUCTION AND SPECIFICATIONS 

The basic construction of the stepwise rotated filter system 
is shown in Fig. 1. The air enters from the right. The filter is 
contaminated in the contamination chamber, from where the air 
goes to the pump. There are 43 filter spots, 41 to measure the 
air concentration, one for the calibration of the detectors, and 
one for the background measurements. Three end-window detectors 
measure the contaminated filter spots: D1 during contamination, 
D2 immediately after contamination and D3 after the decay of 

Fig. 1 BASIC CONSTRUCTION OF THE 
STEPWISE ROTATED FILTER SYSTEM 
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the short-lived natural activity. To guarantee an operation with
out interruption two such devices form one unit. For a good decay 
analysis of the detector D2 a contamination time of each of the 
filter spots should last one day at least. Various criteria cause 
software to initiate a rotation of the filter under the chosen 
detector. The air passes at 1 m3 /h through the filter spot of 
6 x 20 mm 2

. The rotating disc has a diameter of 200 mm. The 
measured specification of the three detectors, their efficiencies, 
their backgrounds and their maximum possible rates are given in 
Table 1. 

detector efficiency background maximal possible 
VALVO 1441 pulses per 

D1 0. 13 0. 1 
D2 0.20 0. 1 
D3 0.20 0. 1 

Table 1 MEASURED SPECIFICATIONS OF THE DETECTORS 

THE FUNCTION OF DETECTOR D1 

second 

10 4 

10 4 

10 4 

rate 

During normal operation detector D1 measures, as a rule, only 
the natural radioactivity, which is not constant. In Fig. 2 the 
measured values of a stepwise moved filter tape (curve S1) and 
of the stepwise rotated filter system (curve D1) are compared. The 
measurements are carried out during the same contamination period. 
The differences are caused by the different types of filter paper 
(S1: charcoal contaminated filter paper; D1: glass-fiber filter) 
and the amount of air pumped through the filter spots. The air 
flow of the stepwise moved filter tape is higher by a factor of 
10, which is also the reason for the reduced air flow after about 
10 hours contamination time. If the curves are normalized they 
are identical. From the shape of a "mean curve" and its errors a 
signal is to be derived, if artificial radioactivity is in the 
air. But this is still under development. 

In the case of an accident the detector D1 must be able to 
measure every possible high concentration. From the pump rate, the 
detector efficiency, the maximal possible pulse rate and a contami
nation period of 3 min the maximum measurable concentration of 
1.5 10 6 Bq/m 3 is calculated. If we also operate the tube in the 
non-linear part of the tube characteristic the sampling time or 
the measurable concentration can be greater by a factor of about 6. 
Taking into account all possible filter spots (2 x 41), this device 
is able to operate for about one day without changing the filters. 
Moreover, the development of the air contamination is documented 
by the sequence of the contaminated filter spots, which may be 
later measured by gamma spektrometry in the laboratory. In the 
case of an accident the rotation of the filter is controlled by 
the software and a given maximum pulse number. 
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STEPWISE ROTATED FILTER SYSTEM (D1), THE DECAY CURVE (D2), 
AND THE LONG-LIVED RADIOACTIVITY (D3) 

THE ANALYSIS OF DETECTOR D2 

In accordance with national requirements, in environmental 
surveillance a filter is normally contaminated over a 14-day 
period. After the decay of the short-lived natural nuclides 
the filter is measured in the laboratory. The results are avail
able about 20 days after the beginning of contamination. In our 
new device, the detector D2 starts the analysis about 3 hours 
after the end of the contamination period (Fig. 2). The results 
are available at the end of the second day after the beginning 
of contamination. By this procedure a contamination of a long-lived 
nuclide with a concentration of about 0.05 Bq/m 3 can be analyzed. 
An example of such an analysis in shown in Fig. 3. 

Analyse Aerosole - Abklingverhalten 
(Analysis of aerosol radioactivity decay) 

Gerechnet bis 1421 Minuten = 23.69 Stunden 
Ausgewertete Datensatze = 142 

Pb 214 (Ra B)= 3.36 Bq 
Pb 212 (Th B) = 1.12 Bq 
Langl.Anteil = 0.61 Bq 

+ 7 % 
+ 2 3 % -
+ 19 % 

calculated up to 1421 
min = 142 measurements 

long-lived activity 

Fig. 3 NUMERICAL RESULTS OF A DECAY ANALYSIS WITH DETECTOR D2 



This analysis gives the first indication of artificial air 
contamination within 2 days. This result has to be confirmed by 
the measurements of detector 03. 

MEASUREMENT OF THE LONG-LIVED RADIOACTIVITY BY DETECTOR D3 

The long-lived radioactivity deposited on the filter is 
measured by detector D3 after a decay period of 5 days for natural 
short-lived radioactivity (Fig. 2). The detection limit of about 
10- 4 Bq/m 3 is determined by the detector efficiency, the well
known background, and the measuring time of 24 hours. Our tests 
have shown that it is necessary to pump off the air of the volume 
around the detectors to get a low and constant background which 
if possible is not influenced by the concentration of radon and 
its daughters. The detection limit achieved is more than one 
order of magnitude lower than the requirements of our national 
regulations. 

CONCLUSION 

The reported results have been obtained by one prototype 
of a stepwise rotated filter system, which has been in operation 
under realistic conditions for more than six months. For the 
interpretation of the data a simplified software was used. The 
tests have shown that calculated detection limits and a measuring 
range of eight orders of magnitude are achieved. This means that 
the stepwise rotated filter system is a good monitor for environ
mental surveillance, both for normal operation and in the case 
of an accident. 

The analysis of the measurements of detector D2 indicates 
an artificial air contamination at the end of the second day. This 
is much faster than the results of the environmental surveillance 
procedure normally used, which are available about 20 days after 
the beginning of the contamination of the filter. 

In 1988 seven such units are to be built to replace the old 
stations of the inner surveillance ring of the Nuclear Research 
Center JUlich, which is now equipped with stepwise moved filter 
tapes. Operation of these new stations with the central pro
cessor and a sophisticated software has still to be tested. 
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IMPROVEMENT OF TRiTIUM ENRICHMENT ELECTROLYSIS CELL 
FOR ENVIRONMENTAL MONITORING 

S.KUIURA 
Osaka Univ. of Pharm. Sci. 

INTRODUCTION 

The measurement of Tritium in environmental water sample has 
being carried out for the menitoring of the contaminated level by 
effluent from the atomic institution and the investigation in geo
chemistry, e.g. streams of water under ground. These measurements 
have need of the pre-concentration of HTO by any method. In recent 
years, some methods have been discussed for these purposes, e.g. 
electrolysis and thermal diffusion. In these methods, the electro
lysis has been employed generally, because of compact apparatus, 
easy handling and possibility of certaion results. 

Where, on the pre-concentration, more correct dataof Tritium 
activities can be gotten byusing large volumeof water sample. But, 
it requires a long time and large electric energy. Up to this time, 
one pair of slender electrodes made of materials of nickel or iron 
has been employed. However, for such electrodes, the re-adjustment 
of electric current should be made to make itself agreeable to change 
of the electrode surface area in sample water, because of decrease 
of effective surface area of electrode, as reduces gradually by 
Plectrolysis. 

In this study, the electrolysis glass cellof itsvolume lOOml 
inserted multi plate electrode was designed and produced, and, its 
characteristics for concentration of HTO and conditions of procedure 
e.g. required electric current density and time for electrolysis, 
were clarified. 

EXPERIMENTAL 

l. Apparatus and procedure for pre-concentration 
As illustrated in Fig. l, as for the electrolysis cell, the 

bottom of cylindrical hard glass vessel which was dismeter of 40 
mm and length of 200 mm was formed into rectangular shape (size ; 
SO mmH x 40 mmW x 15 mmD). And the multi plate electrode consisting 
of five plates (size; SCi mmH x 35 mmW, thickness; 1.0 mm,combination 
of nickel and iron) were set in the part. The effective total area 
of the electrode was about 60~62 cm 2

• 

,_34.-----"i 
Mult1 plate 
electrode 1-E-40 ____., 

Electrolysis glass cell 

Fig. 1 Diagram of electrode and electrolysis cell 
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The experiments were carried out setting five cells connected 
in the electric circuit into the controlled low temperature water 
bath (2~5°C). The individual cell held the sample water of 100 ml. 
The sample water in each cell decreased to about 15 ml by electro
lysis of current density between 50~280 mA/cm 2

• 

2. Measurement of Tritium and calculation of recovery rate 
The experiments on pre-concentration efficiency were carried 

out using slightly activity Tritium solution ( 3 x 10- 3 ~Ci/ml). 
Samples of 8.0 ml before and after electrolysis were pipetted out 
and infused into 20 ml vials with liquid scintillator Triton-lOOX 
(Packard Co., Ltd.)l2 ml. Radioactivities of each vial were counted 
using low back ground liquid scintillation counter TRI-CARB 3255 
type (back ground; 10 cpm, counting efficiency; 25%). Recovery 
percent (R) of HTO are calculated with next formula. 

R (%) = ( CfxVt') xlOO / ( CixVi) (1) 

where, Ci and Cf; radioactivities of Tritium before anf after 
electrolysis, Vi and Vf ; volume of sample water before and after 
electrolysis. 

RESULT AND DISCUSSION 

1. Decreasing rate of sample water by electrolysis 
If electro-chemical change ofelectro-materials is disregarded, 

decreasing rate of sample water by electrolysis are calculated 
from total electric current used with Faraday's constant. 

The solid 1 ines in Fig. 2 show the decreasing rate in the 
range of 80~280 rnA/cm 2 in current density. When water volume 
decrease to 26 ml, the top of electrode appears on the surface of 
sample water. Therefore, the electric currentmust be re-adjusted 
in a few hours to responded value according to electrode surface 
area under water. Therefore, decreasing rates of sample water is 
slightly late. 

100 

'E 
~ 80 
s.. 
QJ ...., 
"' 3: 60 

'+-
0 

~ 40 
:::> 

0 
> 
~ 

20 

"' :::> 
"'0 

Vl 00 QJ 
0:: 

0 . 2 (day) 
Electrolysis t1me 

Fig. 2 Decreasing of sample 
water by electrolysis 
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The required time to decrease the sample water from 100 ml to 
15 ml by electrolysis is 16~57 hours with above current density 
range. Under the higher current density, the required time is 
shorter. But, as show in the next clause, the higher current density, 
being the more loss of HTO. Then, for the purpose of measurement 
with a high accuracy, it needs the definite knowledge to dividethe 
time to pre-concentrate HTO and to count the Tritium activitieso 

While, broken lines shown in Fig. 2 are decreasing rates of 
sample water obtained experimentally. These rates are more rapid 
than that obtained by calculation, because of loss of sample water 
yield in electrolysis by volatilization. 

2. Correlation of Tritium recovery and current density 
It has been reported that the optimum current density on the 

electrolysis concentration was 100 mA/cm 2 • Thevalue wasdetermined 
by experimental results using one pair electrode cell of cathode 
and anode" 

Then, correlations of recovery rate of Tritium and current 
density used multi plate electrode cell are different with a kind 
of electrode materials as shown in Fig. 3. The recovery rate is 
higher in range 60 100 mA/cm 2 used Ni~Ni electrode. But, the range 
is wider of 60~140 mA/cm 2 used Fe~Fe electrode. Still,in the range 
of current density over 100 mA/cm 2 , the rate using of Ni-Ni is 
lower. The other hand, the rate using Fe-Fe is not down. 

Turning the attention only to recovery rate ofHTO, employing 
Fe-Fe electrode leads to more effective than Ni-Ni. But, ifemploy 
iron plate as anode, its defect is more corrosionable. Usingnickel 
plate as cathode and iron plate as anode, the level of HTO recovery 
is intermediate of those values of Ni-Ni and Fe-Fe. 

100 

- +tt?~+)fll!l+ ;,4! -go + ~ + ...., 
+ + + 1: 

:t t d 1 
QJ ¢ ~80 
QJ 
c.. ¢ 

~70 9 H E1 ectrode 
0 Fe-Fe E 
QJ Ni -Ni _ 0::60 

20 60 100 140 180 220 260 
Current density (mA/cm2 ) 

Fig. 3 Removal rate of HTO 

While, as comparison of a kind of materials, the recovery 
percentages at the next conditions, current density; 180mA/cm 2

, 

low temperature water bath ; 2 °C, shown in Table 1 • 

Table 1 Tritium recovery rate by 
electrode of Fe-Fe, Fe-Ni, Ni-Ni 

Tritium recovery 
(%) 

Electrode 
Fe-Fe Fe-Ni Ni-Ni 

90 85 75 



3. Required time for Tritium measurement 
On the measurement of Tritium activities, required total time 

is consistent for 1) Pre-treatment (e.g. oxidation of organic 
substance in sample and evaporation etc.), 2) Pre-concentration of 
HTO, 3) Counting of Tritium activity. 

In above three terms, 1) is same in any sample and measurement 
condition. 2) and 3) are different with following conditions, that 
activity level of sample, counting conditions (e.g. counting 
efficiency and back ground level etc.), pre-concentration effect 
(recovery and concentration rates of HTO etc), and expected 
level of precision of data. Therefore, at the conditions of 
measurement that expected precision levels as expressed in fomula 
(2) are ±10% or ±20%, Tritium concentration levels about 10, 20, 
50 and 100 pCill in samples and using liquid scintillation counter 
mentioned at experimental term, the required total time to pre
concentrate and count of the sample were calculated as shown in 
Fig. 4 

{(Nslt)+(Nblt')} 112 x 100 

I [ { ( N s ± [NS) It} - { ( Nb ± /Nb) It ' } J = 1 0 or 2 0 ( 2) 

where, Ns and Nb ; counts of 
sample and back ground, t and 
t' ; counting time of those. 

Solid lines shown in 
Fig. 4 are required time for 
pre-concentration of HTO. 

As a result, for the 
sample of higher Tritium level 
and the higher permissible 
level of statiatial error, it 
needs longer time to pre
concentrate than that to count. 
As a concrete example, setting 
up the current density of 180 
mAicm 2 and expected precision 
level of ±10% for Tritium level 
in the low sample of 10 pCi/1 , 
it needs for 20 and 10 hours 
to pre-concentrate and count. 

100 

~ 

..2 50 

±10 % 
·~ 
::> 
g-100 

0::: 

50 

0 
20 60 100140 180 220 260 280 

Current density (mA/cm2) 
Fig. 4 Required time to pre

concentrate and count 

Tritium activity level(pCill) 
... 10, !:::. 20, • so, 0 100 

CONCLUSION 

On HTO pre-concentration, following results were obtained 
using multi plate electrode with effective surface area 60~62 cm 2 

and sample capacity 100 ml cell. 1) At the condition of current 
density 60~140 mAicm 2 , recovery rates were more than 90% using Fe· 
Fe electrode, 2) Fe-Ni electrode are more corrosion-resistant, 
but HTO recovery rates are lower, 3) In the following conditions 
of the measurement with precision level of ±10% for low level 
Tritium sample as 10 pCill and current density of 180 mAicm 2 

, 

the required time to pre-concentrate and to count are 20 and 10 
hours. 
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MEASUREMENT OF PLUTONIUM ISOTOPIC ACTIVITY RATIO 
IN LOW LEVEL PLUTONIUM SAMPLES 

Tadao MATSUNAMI*, Akira MIZOHATA*, Tetsuo MAMURO**, 
Tadashi TSUJIMOTO***and Yukinori KATSURAYAMA**** 

*Radiation Center of Osaka Prefecture(Shinke-cho,Sakai,Osaka 593, 
JAPAN) ,**Kouga Laboratory,Japan Radioisotope Association(Koga-cho 
Koga-gun,Shiga 520-34,JAPAN) ,***Research Reactor Institute,Kyoto 
University(Kumatori-cho,Sennan-gun,Osaka 590-04) ,****Atomic Ener
gy Research Institute,Kinki University(Kowae,Higashiosaka,Osaka 
577,JAPAN) 

INTRODUCTION 

In the usual environmental plutonium monitoring around atomic 
energy plants, such as nuclear fuel reprocessing factories and A
tmic power stations, plutonium is chemically extracted from envi
ronmental samples in question, purified radiochemically, and elec
trodeposited on a metallic plate, than a-ray spectrum of the elec
trodeposition sample is collected and a-activities of 239+240pu and 
238pu of the environmental sample is determined. Alpha-ray ener
gies of 239pu(5.16 MeV) and 238pu(5.17 NeV) are so close to each 
other that a-activities of the two nuclides can not be distin
guished. 

It is well known that nuclear test explosions and the burn-up 
of SNAP-9A have caused global plutonium contamination. Information 
about the plutonium isotopic ratio, 239Puj240Pu, gives possibility 
to presume whether plutonium found in environmental samples has 
originated from atomic energy plants or from global fallout. Meas
urements of the plutonium isotopic ratio in environmental samples 
using nuclear emulsion methodl), a-X ray method2land fission track 
method3), have been attempted, but these methods were found to be 
insufficient in the sensitivity. Beside these methods, the Ly/a
ray activity ratio has recently been used to measure the 240puj239pu 
ratio in environmental samples~). 

PRINCIPLE OF THE METHOD 

Plutonium extracted from an environmental sample in quesion 
and a standard plutonium, the isotopic ratio of which is well known, 
are both electrodeposited on a metallic plate, respectively, and a
ray spectra of these electrodeposition samples are collected to 
measure a-counting rates of 239+240Pu, a(239+240pu)sample and 
a(239+240Pu)stand .. 

Then, these electrodeposition samples are altogether irradiated 
by thermal neutrons, andy-ray counting rates of 99mTc, y(99mTc) 
sample and y(99mTc)stand.• are measured. 

The 239Puj239+240pu activity ratio in the environmental sample, 
R(239Pu/239+240Pu)sample, is determined by the following equation. 

R(239puj239+240Pu)sample 

a(239+240Pu)stand. 
y(99mTc)stand. 

y(99mTc)sample 

a(239+240Pu)sample 
X 

x R(239Puj239+240Pu)stand. • ••••••• (l) 
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where R(239Puj239+240Pu)stand. is 239Puj239+240Pu activity ratio of 
the standard plutonium, and both y(99mTc)sample and y(99mTc)stand. 
are the counting rates converted to the values at the end of the 
neutron irradiation. 

EXPERIMENTAL 

Chemical procedures for plutonium extraction from environmen
tal samples, radiochemical purification of the extract and electro
deposition on a metallic plate were carried out mainly according to 
the mannual issued from the Science and Technology Agency, Japan.S) 
(I) NBS standard plutonium 

Plutonium isotopic abundance of the NBS standard plutonium, 
which was used as the standard reference in the present study ( 
R(239puj239+240pu)stand. = 0.7384). 
(II) RCC standard plutonium 

Another standard plutonium made by RCC was also electrodepos
ited on a nickel plate in the same manner as stated above. The 
contents of 238pu and 240pu of this standard plutonium are of neg
ligibly low level. 
(III) Environmental samples 

Two environmental samples described below were investigated in 
the present study. 
(a) Pit sample( Mud taken from a rain water pit in our laboratory. 
1.6 kg. Less than 2 rnrn in diameter. (b) Sediment sample( Sea sed
iment, which was collected in the middle of the Nyu Bay, Fukui Pre
fecture. 240 g. Less than 0.5 rnrn in diameter. 

It was found that, when an electrodeposition nickel plate was 
irradiated by neutrons, activities induced in the nickel plate made 
much interference to 99mTc y-counting. In order to avoid this dif
ficulty, deposited plutonium film on the nickel plate was wiped off 
with a piece of cellulose fiber filter paper immersed in hot nitric 
acid and the filter paper piece was neutron irradiated. Neutron 
irradiation was made in the Kyoto University Research Reactor( 5MW, 
thermal neutron flux: XlOl3n.cm2.sec-l, l hour irradiation). 

) . 

RESULT AND DISCUSSION 

In Table l are shown measured values ofa(239+240pu) andy(99mTc 

a ( 239+240Pu) (99"'Tc) 
Sample y (cpm) 

(cpm) Neutron irradiation I Neutron i rradi a ti on I I 

p - 1 0.47(2.56) 3.61 (48) 

p - 2 1. 39(1 .09) 4.35(17) 

p - 3 2.13(0.54) 5.10(26) 

s - 1 0.56(1.77) 5.22(27 .9) 

s - 2 1 .22(0.66) 6.19(17 .0) 

s - 3 2.34(0.75) 8.72(25.5) 

RCC-1 17 .30(0.69) 53.6(6.5) 

RCC-2 30.46(0.56) 107 .0(8.3) 

RCC-3 44.91(0.95) 150.0(5. 1) 

RCC-4 88.97(0.64) 281.0(2.6) 

NBS-1 16.69(0.72) 44.9(9.9) 44. 8( 11.9) 

NSS-2 34.94(0.59) 85. 5( 12.4) 102.5(5.2) 

NBS-3 70.46(0.66) 173.0(3.6) 214.5(4.7) 

NSS-4 89 .23(0. 72) 220.0(4.8) 263.8(5.0) 

): Relative standard deviation in% 

Table l 
239

+ 240Pu and 99mTc counting rate of the samples. 
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Wipe-off samples of P-1-3, RCC-1-4 and NBS-1-4 were neutron 
irradiated altogether (Neutron irradiation I in Table 1). About 
six months later, wipe-off samples of S-1-3 and NBS-1-4 were neu
tron irradiated altogether (Neutron irradiation I in Table 1) . 
About six months later, wipe-off samples of S-1-3 and NBS -1-4 were 
neutron irradiated altogether, when activities in the NBS samples 
at Neutron irradiation I had decayed to be negligibly small (Neu
tron irradiation II). 

Relation between a(239+240pu) and y(99mTc), which were found 
for the NBS samples and the RCC samples are shown in Fig. 1, and 
those which were found for the pit samples and the sediment samples, 
are shown in Fig. 2. 

400r---------.----------.---------, 

300 

150 

Fig. 1 Standard plutonium. 

10 

o·:S-1,2,3 

e :P-1,2,3 

Fig. 2 Nyu Bay sediment and pit 
samples. 

Here, it was assumed that the y(99mTc) values corresponding to 
zero a(239+240Pu), namely, 4 and 3 cpm, for the sediment samples 
and the pit samples, respectively, are ascribed to uranium contami
nation. 

In Table 2 are shown 239puj239+240pu ratio values, which were 
calculated on the basis of the results shown in Table 1 and on the 
assumption stated above. Ratios of 238puj239+240pu are also shown 
in the table. 

Kray et al. reported that the 239Puj239+240pu ratio in the re
cent global fallout ranges from 0.5 to 0.8 by the use of mass spec
trometer method.6} Hisamatsu et al.2), Nakanishi et al.3) and 
Komura et al.4) reported that the ratio in sediment and soil ranges 
from 0.4 to 0.6 by the use of a-X ray method and fission track 
method. 

The ratio in the sediment s~mple determined in the present 



study(-0.6)is in the range stated above. But, the ratio determined 
for the pit sample( -0.3) is somewhat smaller. 

Sample 

239+240Pu 238Pu 
(Bq) XlO-Z {Bq) Xl0-2 

p - 1 2.57 + O.G7 0.17 :!:. 0.02 

p - 2 7.55 + 0.08 0. 70 :!:. 0.03 

p - 3 11.48 + 0.07 1.00 :!:. 0.02 

s - 1 3.03 + 0.05 0.07 :!:. 0.02 

s - 2 6.63 + o.c~ 0.13:. 0.02 

s - 3 12.68 + O.lC 0.33 :!:. 0.02 

RCC-1 93.72.:_0.55 - 0 

Rcc-2 164.98 .:. 0.~ - 0 

RCC-3 274.97 :!:. 2.32 - 0 

RCC-~ 481 .92 + 3.08 - 0 

239Pu;239+2~Pu 
{Bq/Bq) 

0.39 + 0.18 

0.29 + 0.05 

0.29 + 0.08 

0.51 + 0.14 

0.45 + 0.08 

0.53 + 0.15 

0.91 + 0.09 

1.03.:. 0.12 

0.98 + 0.09 

0.93 + 0.08 

238?u;239+240Pu 
(Bq/Bq) 

o.oso:::. o.oo7 

0.093.:. 0.005 

0.087!. 0.002 

0.023:. 0.006 

0.020!. 0.003 

0.026.:.. 0.001 

- 0 

- 0 

- 0 

- 0 

137 Cs 
(Bq/kg) 

64.1 2:. 3. 3 

21.5 2:. 3.3 

Table 2 Activity ratios of 239 Pu; 239 +240Pu and 239 Pu; 239 +240 Pu 
found in Nyu Bay sediment(S), pit sediment(P) and 
standard plutonium(PCC) samples. 

The 238Puj239+240Pu ratio found for the sediment sample(0.02-
0.03) is relatively close to the ratio of 0.03 in global fallout?). 
Aginst this, the ratio found for the pit sample(-0.09) is consider
ably larger. 

It appears that the main origin of the plutonium in the sedi
ment sample is fallout from nuclear test explosions. Both of 239pu 
j239+240pu and 238Puj239+240pu ratios of the pit sample are differ
ent from those of global fallout. But, the main origin of the 
plutonium in the pit sample is also presumed to be nuclear debris. 
It is possible that the pit sample contain much of the old nuclear 
debris which were produced in Russian nuclear explosions carried 
out in 1961 to 1962. In our preceding study it was found that the 
238puj239+240pu ratios determined for fallout samples collected in 
1961 to 1968 were rather high, ranging from 0.01 to 0.58). 

It is desirable for raising accuracy of the present measure
ment method to get so much amount of electrodeposited plutonium 
that uranium contamination may be neglected. If the uranium con
tamination is as low as in the present study, at least 2 Bq of 
plutonium is necessary for getting sufficient accuracy. 

The authors wish to thank Dr. M. Yosioka, Fukui Prefectural 
Institute of Public Health, for the kind present of valuable sam
ples. 
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ACTINIDE-IN-AIR MONITORING IN THE PRESENCE OF RADON & THORON 

A McWhan and G C Meggitt 
Safety and Reliability Directorate 

United Kingdom Atomic Energy Authority 

1 This paper describes further developments of a computer 
code which calculates the expected count rate in the 
plutonium channel of an actinide-in-air monitor from 
radon/thoron daughters. All the major pathways of radon/thoron 
into a building are allowed for; calculations are performed as 
a function of ventilation and recirculation rates. 

OPERATION OF THE MONITOR 

Commercially available continuous actinide-in-air monitors 
work by drawing air through a filter paper; this retains any 
particulate or free radon daughter activity. The filter paper 
is surveilled by a surface barrier semiconductor detector 
located in the incoming airstream a few millimetres above the 
deposited activity. In ideal counting conditions the pulse 
height spectrum would be composed of a number of narrow peaks 
corresponding to emitted a -energies. However, in the 
practical system the spectrum is composed of a number of broad 
bands because of random energy degradation: the a -particles 
travel across the air gap between filter paper and detector in 
random directions and therefore lose different amounts of 
energy. There are other possible sources of degradation 
including passage through filter fibres and any accumulated 
dust. 

It is therefore not adequate simply to measure the count 
rate in a particular incident energy range; as can be seen from 
Figure 1, the overlap between the radon daughter spectrum and 
that from plutonium-239 is extensive. The only reliable way in 
which the actinide can be detected is to compensate, in some 
way, for the presence of the radon daughters. In the 3280 this 
is done by making a number of measurements at higher energies, 
to establish the radon daughter contribution, and using these 
to subtract an appropriate amount from the count rate measured 
in the actinide energy region. 

Although this process works quite effectively there 
remains some advantage in controlling the radon level in the 
working environment. The model described here allows 
examination of the effects of various factors on the radon 
daughter count rate. 

THE THEORETICAL BASIS OF THE MODEL 

The individual radon daughter air concentrations are 
estimated, using source term specification procedures discussed 
below, with a steady-state version of the set of equations 
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derived by Porstendorfer 2 These account for the effects of 
radon daughter attachment to particulates and to surfaces, 
detachment from particulates, radioactive decay and 
ventilation. They allow for constant sources of radon, such as 
direct exhalation into the room as well as entry with 
ventilation air. They have been extended to include 
recirculation an<1_ to allow for filtration of both makeup and 
recirculating air . 

The steady-state activity 2t daughter j on the filter 
paper of a monitor sampling Vm3 h is: 

S . V ( C . ( a) +C . ( f ) ) + S . -1 
J J J J 

j 

where c. (a) and c. (f) are the concentrations in air of attached 
and fre:k particl~s (both are assumed collected by the filter 
paper and is the decay constant of daughter j. Since radon is 
not collected, S = 0. 

0 

The fraction of the counts from each 
daughter (of radon and thoron) which appears 
energy region have been estimated using 
described in reference 1. 

SOURCES OF RADON 

alpha emitting 
in the actinide 
a relationship 

The entry of radon with ventilating air, filtered or 
unfiltered, is included in the basic equation; the user may 
therefore specify the appropriate concentrations. 

The model includes a number of options for describing 
radon ingress through floor intact slabs with and without damp 
proof membranes using diffusion theory. However the importance 
of penetrations as sources of radon has been recognised in 
recent years. The model includes a simple representation of 
these features although, as yet, it does not account explicitly 
for interactions with ventilation characteristics. Exhalation 
from walls is included, either through solution of the 
diffusion 3 equation or by input of direct measurement 
information 

Thoron exhalation is included in the model; its 
representation is somewhat simplified because its short half 
life results in only a thin surface layer being effective. 

THE IMPLEMENTATION OF THE MODEL 

The basic computer code PLURAD has been implemented on a 
number of micro-computers; it is used principally on a Research 
Machines Ltd 3 8 0 Z, a 64 Kbyte machine. The results are 
displayed as coloured graphs and these are reproduced on a 
plotter. A typical output from the program is shown in Figure 
2. 
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CONCLUSIONS 

The model includes most of the significant features with a 
background for actinide-in-air monitors. The computer program 
hsa proved useful in the evaluation of effectiveness of options 
for radon/thoron control in a number of active facilities. 
Although primarily designed for use in the analysis of problems 
associated with air monitoring in active facilities, where air 
change rates are generally high, it is adapable to a wide range 
of situations where airborne natural radioactivity is a 
concern. 

1 

2 
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Figure 1: Illustrative Energy Distribution of 
Measured Alpha Particle Energies 
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Figure 2: Count Rate in the Plutonium Channel of a Harwell 
Type 3280 Plutonium-in-Air Monitor from Radon & 
Thoron Daughters with Various Outdoor Radon/Thoron 
Levels. Incoming air is filtered. 



QUALITY ASSURANCE OF ENVIRONMENT 
RADIOACTIVE MEASUREMENT IN CHINA 

Huang Zhijian, Li Xiaoge, He Zonghui, Li Yuanxin and Teng Huijie 
Institute for Radiation Protection, MNI 
P.O. Box 120, Taiyuan, Shanxi, P.R.O. China 

ABSTRACT 

This paper reported the work engaged in quality assurance of 
environmental radioactive measurements in China. It contains 
measurement intercomparison of environmental samples with Gamma 
Spectrometer for ten laboratories of Ministry of Nuclear Industry 
and quality control programme in investigation of natural 
radioactive level sponsored by EPA China. Examination on the 
analytical methods for soil samples and check on analyzed 
samples in environmental radioactivity level investigation for 
eleven provinces and three cities was also given in the paper. 

Environmental sample reference materials which used as 
measurement intercomparison of environmental samples and 
examination samples and standard samples have been prepared in 
this work. The methods of intercomparison, examination and check 
for laboratories of MNI and many Environmental Monitor Central 
Station of Provinces were reported. Some questions in quality 
assurance were discussed. 
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DEVELOPMENT OF A MONITORJNG METHOD IN THE RADIATION FIELD 
UNDER THE GROUND 

Yoshiyuki NAKASHIMA, Hiroyuki OHTA, Takashi AKAZAWA, 
Kazuko MRGUMI~ Masahiro DOI*and Toshio ISHIYAM~ 

Radiation Safety Engin.Labo. ,Nuclear Engin.,Nagoya Univ., 
fRadiation Center of Osaka Prefecture 

1. lNTRDDUC'I'H)N 

Environmental E>frect.s from a radioactive waste 
depository would ,it 1hey could be occurred, be arisen 
extremely very slowly through water and soil. In the case, 
although detrimental effects on man and his environment from 
the depository would be negligible, it will be necessary to 
prove it by some measure to assure safety of the public 
substancially or psychologically. And it is also important 
to develop monitoring techniques around the facility from 
the view point ot radiological protectjon. 

As the first step toward the above purposes,the authors 
have ~iscussed the informations on the rnd1atinn field in 
the soil through the measurements using TLD-set at several 
depth under the ground. 

II.GONSTRUCTIUN OF DBTRCTOR AND MEASURING LOCATION 

It is d~sirable for the detectors of evaluating the 
radiation field in the soil to fulfill the following 
requiremenTs: 

i) to be able to detect variations in the radiation field 
in the natural soil, 

ii) to be able to set the detectors in the soil without a 
d1sturbunce of their surrounding if possible, 

iii)to keep stability of the detectors during the 
measurements Jn the soil, 

iv) to be frpe from their maintenance during the measure
ments if possible, 

v) to be inexpensive in cost of the detector for being 
distributed to many points, and so on. 

To be taken these requriments into consideration, TLDs 
fulfill those comparatively, though they can only meausre 
integral dose. The detectors to be set in the soil were 
composed of (l}a brass tube (D...r.,1=15mmj!S,D;a.,tr12mm?,l or 2m in 
Jength)fnr making energy dependence of the detectors flat, 
a methacrylate resin tu.be (D.,.taf·-"'lOmm ,D:..4ct=5mmj6) ,methacrylate 
resin rod as spacer and TLD-chips (denote Type A detector, 
hereafter) and (2)the detectors without brass tube (Type B) 
(see F1g.l). TLD-chips are CaSO Tm (UD110S,National Elect. 
Go.). The energy dependences for both types of detectors 
are given in Fig.t. 

Both types at the detectors were buried vertically in 
the soil. For the detectors with lm length, two pieces of 
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TLD-chips were set at 2.5,10,25,45,55,75 and 90 em from the 
soil surface, respectively. And for that with 2m length, 
three pieces of TLD-chip were set at 5,40,80,120,160,and 
195cm, respectively. 

Four points, where detectors were buried, were chosen; 
2 for 1m length and 1 for 2m length on the campus of the 
Nagoya University (denote Pts I,II and III,hereafter), and 
1 point for 2m length in the field attached to the Faculty 
of Agriculture, Nagoya University (Pt.IV). 
TLD-chips were exchanged almost every month, and monthly 
averaged exposure rates were measured. 

A,B and C horizons were clearly found pedologically 
for Pts.I,II and III. For Pt.IV,however, A and B horizons 
were artificially removed and only C horizon was for our 
experimental depth. 

IIJ.RESULTS AND DISCUSSION 

l)Monthly Variations in Exposure Rate 
One of the examples for monthly variations in exposure 

rate for various depth in the soil (for Pt.I) is given in 
Fig.3. The general feature for each depth showed that 
monthly averaged exposure rates were decreased as the 
liquid water content in the soil increased. As seen in the 
Figure, the range of variations in exposure rate was 3)l.R/h 
and maximum at 2.5 em depth. And that at 55 em depth was 
almost constant. The exposure rates in the soil were gene
rally varied in time. 

From the present intRrval of the exchange of TLD-chips,o 
ne of the sources of variations in exposure rate was 
supposed to be largely related to the content of liquid 
water easily movable in the soil, that is, the changes in 
the bulk density of the soil due to the liquid water 
originated from precipitations. 

2)Index of Liquid Water Content in the Soil 
As previouly described, the authors have buried two 

types of the detectors (Types Aand B). For the exposure 
rates from both types of the detectors, the authors denoted 
exposure rates for type A by De ,and those for type B by D~ 

Since the exposure rate of interest are considered to be 
proportional to the averaged photon flux density, the 
authors defined Apparent Flux Ratio (AFR)as a following 
equation, 

Alt'R == (DM - De ) IDeo X 100 (%) . ( 1) 

The AFR were related clearly to the amount of photon flux 
scattered by the liquid water in the soil. Then, there 
couldbe seen a nPgative correlation between the exposure 
rates in the soil De and the quantity AFR. This quant1ty 
was related to the amount of liquid water in the soil. 
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For Pt.!, the spread of the averaged values of 
exposure rates for each depth have been observed almost 0.7 
to 1~/h as yet. Considering the spread originated from 
the change in the liquid water content, the authors 
estimated the spread expected by the change of liquid water 
content from 0 to 25% for dried soil of interest. The compar 
ison of the above results with the observed ones is given 
in Fig.4. Since both results were comparatively coincided, 
the main source of variations in exposure rates was 
probably arisen from the changes in liquid water content in 
the soil. 

The change in exposure rates due to wter in the soil 
could be estimated through the present study. 
For fallout· case, the TLD-chips set at shallow depth would 
first detect the change in exposure rate. On the contrary, 
those set deeply would show higher dose, if they would be 
originated from the deep sources. 

The averaged exposure rates of 8 to 10~/h were 
observed in the natural background soil within our experi
ments. Some 20 or 25 % of seasonal variations were addi
tional to these values. If further changes in exposure rate 
of 1flR/h were assumed to be detectable, the changes 
originated only from '~Cs would be corresponded to about 
2 pCi/g of soil at present,assuming 1.25 g/cmlof dry soil 
density and 15% of liqujd water content. Improveing the 
detector configuration, the detectable changes could be 
reduced. 

Fig.1 
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NETWORK OF RADIATION MONITORS (NORM) AT KEK 
AND ITS PRESENT STATUS 

Mitsuhiro Miyajima, Shinichi Sasaki, Kenichi Hozumi 
and Kazuaki Katoh 

National Laboratory for High Energy Physics (KEK) 
Uehara 1-1, Oho, Tsukuba, Ibaraki, 305 JAPAN 

INTRODUCTION 

The NORM, Network of Radiation Monitors, had firstly 
constructed in 1980 with a center, 3 sub-stations and 48 radiation 
monitors. The basic conditions for the construction of the NORM 
were as follows: the first is to ensure the large extension of the 
number of both the sub-station and the radiation monitor, the 
second to invest the selection of radiation detectors with the 
large flexibility so as to allow stepwise development of those, 
the third to unify the assemblage of radiation detectors and 
electronic circuits, and the fourth to simplify the connection 
between a sub-station and a radiation monitor. The NORM has largely 
expanded for 7 years. Here we describe the NORM system in detail. 

ROLES OF NORM AT KEK 

In KEK the laboratory site is divided into 7 radiation areas. 
The radiation monitors are mainly installed at representative 
places to monitor the level of radiations and radioactivities in 
air or dust in such areas. The important role of the radiation 
monitors is to raise an audible alarm with a flashing light when 
the level of radiations or radioactive contaminations exceeds the 
assigned one. There are some radiation monitors which are installed 
near the border between the radiation area and the residential area 
and also on the site boundary. The crucial role of the radiation 
monitors on the border is to stop the machine operation as soon as 
the radiation level exceeds the assigned one. The radiation 
monitors on the site-boundary always verify the background level of 
radiations. The sub-station is located in each local control room 
of its facility. During the machine operation, operators sometimes 
need informations on the radiation monitors and on the generations 
of radiation alarms and interlocks in order to feed those back to 
the operation of their facilities. The sub-station also make the 
book-keeping of a short period (a week), and display the dose 
rates at all monitoring points and messages about the radiation 
interlocks. The center is located in the radiation control office 
and all the sub-stations are connected to this center. The center 
receives the status and the radiation levels of all the monitors 
from 7 stations. The book-keeping of all the data about the 
radiation monitors are also made at the center. 

THE SYSTEM OF NORM 

The NORM is at present composed of three different systems, a 
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central mini-computer (CENTER), 7 sub-stations (STATION) and 192 
stand-alone radiation monitors (SARM). Each STATION is star-likely 
connected to the CENTER with two pairs of local telephone lines. 
Each SARM is also star-likely connected to one of the STATIONs 
with a coaxial cable through a module in a CAMAC system which is 
dedicated to the STATION. At each monitoring point, two SARMs are 
normally installed with a detector for gamma-rays and one for 
neutrons. In order to monitor activities, a detector for gamma-rays 
is used. The detectors presently used in KEK are shown in table 1. 

Two types of the radiation monitor are developed. One is a 
table-top radiation monitor and is composed of a radiation detector 
with a preamplifier, a main amplifier with a discriminator, a 
presetable scaler with a comparison logic circuit and a 100 mA 
cable driver. All the circuits except the preamplifier are 
contained in a monitor frame with a high voltage and a biasing 
power supplies as shown in Fig.1. A detector can be set on the 
frame or separately on a wall. The other is a wall-mount radiation 
monitor, which is furnished with just doubled circuits of the 
table-top one in its frame. The detectors are separately mounted 
on a wall. The dose equivalent rate due to gamma-rays and also due 
to neutrons are separately calculated from each counting rate. The 
dose equivalent rate summed up every 10 sec is displayed with LED 
on the front panel of monitor frame. The signal, which is 
correspond to each count, is sent to the STATION through the 100 rnA 
cable driver. The termination of the 100 mA current driver is made 
at the input of a CAMAC module with a resistor of 50 ohm. It keeps 
the de level of the input 5 volt and a narrow negative going pulse 
correspond to each count as a signal. The de level of 5 volt is 
used to detect a power failure at the SARM. In order to use the 
ionization chamber for the SARM, a circuit, which is used to 
quantize the output de signal from a charge integrator of the 
chamber, is incorporated instead of the amplifier system. 

The STATION is composed of a micro-computer (NOVA MP/100) with 
a down-line loader, a CAMAC system and a graphical display unit 
(Apple II) as shown in Fig.2. In the CAMAC crate, a timer module is 
used to generate a LAM signal every 10 sec to the computer to force 
it read the data in all modules. Modules used in the NORM are 
mainly 4-channel 24-bit scalers and interlock drivers. Each scaler 
registers the signals from a SARM and also watches the de level of 
the input. If the de level is zero, it outputs a special bit 
pattern to the CAMAC dataway. If not, it sends out the number of 
counts for 10 sec to the dataway. An interlock driver receives the 
same signals as a scaler and looks for the case that all counts in 
eight short successive periods exceed the counts which correspond 
to a level of radiation interlock. If the case is found, a signal 
is sent to the operator's console and the operation of accelerator 
is automatically stopped. The computer of the STATION reads all the 
data from modules in the crate every 10 sec, and sorts and puts 
those data in its memory. Also, it sends the data to the CRT 
display. It interrupts the center computer and sends the status of 
the SARM if it finds the SARM which generate alarms or interlock 
signals. Furthermore, it sends the data to the CENTER, whenever it 
receives a request from the CENTER. The data of hourly dose from 
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all the SARMs are sent to the CENTER once a day. 

The CENTER is a mini-computer (NOVA 4/X) system equipped with 
a disk with large capacity which is shown in Fig.J. The computer is 
operated under the real time disk operating system which has two 
grounds. An on-line program, which is used for communication 
between the CENTER and the STATIONs, is always running at the 
Background. The analysis and the book-keeping of the data from all 
the SARMs are made at the Foreground. Furthermore, programs running 
at the STATION are written at the Foreground and are sent through 
the down-line-loader to each STATION. A main task of the on-line 
program is to collect all the data which are sent from all the 
STATIONs once a day. In the disk, recent two years data are kept 
in the form of hourly dose for all the monitoring points and are 
served to analyze the data and to make the book-keepings of those. 
The current data in the forms of every 6 min, hourly, and daily 
dose for a past week are always available at the STATION with the 
request of the CENTER. 

PRESENT STATUS 

The NORM is composed of 7 STATIONs and 192 radiation monitors 
at present and have grown from the composition of 3 STATIONs and 48 
radiation monitors at the beginning as mentioned above. There now 
exist two STATIONs which have no space for adding modules further, 
but a mini-CAMAC system, which is connected through a register 
module instead of a scaler one in the STATION, is now used to 
install more SARMs. The computer of the STATION have a only 64 
kiro-bytes memory and the program size are limited. However, we 
still afford to add a STATION in the NORM. About 20 monitors are 
always ready for installation at present. Whenever troubles at the 
SARM are found, it is completely replaced with a same type of SARM 
as soon as possible. If there are found any troubles with three 
boards in the MP/100, a processor, a memory and an interface one, 
those are easily replaceable with their alternatives. The 
periodical examination of all the STATIONs and SARMs is made once 
a year and the whole system of CENTER is examined twice a year. 

DISCUSSION 

This NORM system had been planned and designed about 10 years 
before. In this period we saw outstandingly rapid growth of mini
computers and micro-computers. However, the computers used in the 
NORM are still convinced to be the best choice at those times. The 
star-like network of the computers is still powerful in our 
laboratory because the local power failure or cut only gives rise 
to the loss of one or two STATIONs. In the case of the radiation 
monitor, which had been designed as the SARM at those days, we had 
a lots of bene£it for maintenance, replacement, movement, 
installation and enlargement. Furthermore, the unification of 
communication signal makes the whole system reliable and especially 
the 100 rnA current driver makes the connection of a monitor to the 
STATION easy and is free from the contamination of noise in 
signals. 
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THE USE OF THE HELICOPTER AS A MEANS OF TRACING A 
RADIOACTIVE PLUME 

D.E. Waldron 
5, Dunker Street, Duynefontein, 7441. 

Republic of South Africa. 

ABSTRACT 

This paper discusses the use of the Helicopter as opposed to 
fixed wing aircraft as a vehicle for monitoring a plume of 
radioactive material released during a Nuclear Accident: advance 
planning and mapping, communications, instrumentation, interaction 
with ground monitoring teams, operational support, contamination 
and dose control are among the topics addressed. 
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A OPERATIONAL NETWORK FOR RADIOACTIVE CONTAMINATION 
IN FOODSTUFFS IN THE NETHERLANDS 

P.R. Dignurn 
SBD/ITAL, P.O. Box 48, 6700 AA Wageningen, Netherlands 

ABSTRACT 

Almost thirty years a network of measuring devices for determinati
on of radioactive contamination in foodstuff exists in the Nether
lands. It had been designed in connection with the probability of 
"fall out'' after an atom bomb explosion. Later on it was understood 
that such a system could be used in case of an accidentel release 
of radioactivity after an accident with a nuclear chain reactor. In 
the early days of May 1986 (after the Chernobyl accident) the net
work came in operation in order to measure milk, meat, vegetables 
and other products. The system improved to be operational and be
came very important, not only to establish the contamination degree 
of products but also as a tool for controlling the effectiviness of 
measures that had been taken. 

In the planned poster presentation the following aspects will be 
described and shown: 
- the purpose of the network related to the responsibility of the 

Ministry of Agriculture and Fishery in the Netherlands when ra
dioactive contamination of animals, plants and products occurs. 

- The extent of the network with special attention to the choice of 
the locations of the measuring devices and the products that can 
be measured. 

- A technical description of the network. Attention will be paid to 
the following subjects: 
* the equipment at the different locations: 

detectors, multichannel analyser, calculation program. Data 
transfer to a centralized computer system and final presenta
tion of arranged date; * special measurements with sophisticated equipment. 

- The operational procedures in case of an accident: 
- starting the network and to keep it in operation; 
- call together a coordination team; 
- connections with the nationally or regionally organized emer-

gency management centre; 
- agricultural measures and their consequenses. 
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SYSTEM SET UP BY THE C.E.A. GROUP FOR MONITORING 
ENVIRONMENTAL RADIOACTIVITY IN REAL TIME 

R. Prigent, Ph. Lebouleux and J. Matutano 
Commissariat a l'Energie Atomique 

DPT/STESN B.P. n° 6 92265 Fontenay-aux-Roses, France 

ABSTRACT 

The Tchernobyl plant accident has led the C.E.A. group ro re-examire 
its own network for monitoring environmental radioactivity and to define, on a 
national level, an organization that would, in the case of a significant radio
active pollution, enable information to be collected and employed to establish 
diagnostics and advise authorities so that they can act and inform. 

The following points are treated in this paper : 

- the general structure adopted : information From all French 
nuclear centers is regrouped and centralized at a control and decision making 
post conterred the responsibility of establishing a synthesis so that appro
priate measures can be taken. The communication network is organized with the 
different nuclear centers at its nodes. The system is therefore completely 
interactive, 

- the structure of the real time monitoring stations locatel around 
each of these centers, 

- the complete characteristics of the materials used and the 
specific data acquisition and handling systems developed, 

- the operating modes employed in order to assure the quality of 
the materials used and their correct operation, 

- complementary equipment selected for various samplings to be 
batch treated afterwards in the laboratory, 

- the equipment of various nuclear analysis laboratories integrated 
into the network, 

- meteorological measurements made in real time at the various 
different centers, 

- the cost of a monitoring system of this kind developed and 
realized by the C.E.A, group. 
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INSTRUMENTAL PROCEDURES TO CHARACTERIZE RADIOLOGICAL IMPACT ON A CONTINOUS 
BASIS. 

F. Sagastibelza Chivite 
J.E. Otamendi Carrillo 

M. Fernandez Garcia 
CIEMAT - ESPANA 

As a result of the Chernobyl accident, the CIEMAT has develo
ped and instrumented a mobile laboratory to characterize the radiactive -
cloud while still airbone. 

This unit measures the most important radiological parameters, 
such as gamma exposure rate, activity concentration on air and on the te
rrain. The measurements are made on real time and while moving over prea
signed roads. 

The gamma exposure rate is measured continously in the range -
from 1 uR/h to 100 R/h, with two G.M. detectors and an ionization chamber. 
These units are measure at 0.4, 1 and 6 m. over the ground. 

The data are processed automatically and the results are tran~ 
mitted to an Emergency Center via a microcomputer installed in the mobile 
unit. 

The air activity concentration in measured continously through 
a particulates filter first, and an activated charcoal filter second. Both 
are integrated in a plastic scintillation counter for beta radiaction and 
a second one (Nai) for Iodine. 

These results are also automatically procesed and transfered -
to the Emergency Center as before. The filters, however, are subsequently 
analized via gamma spectrometry with a Ge detector, also installed in the 
unit. This is used to determine the overall isotope composition over each 
road sector travelled. 

The same spectrometry detection system can also be adapted to 
measure deposited activity over the roads. 

Experimental data obtained by these units arround a Nuclear -
Power Plant will be presented. 

(Poster presentation) 

Centro de Investigaciones Energeticas Medioambientales y Tecnol6gicas 

(C.I.E.M.A.T.) 

Avda. Complutense - 22 

28040 - MADRID (Espana) 

Telex n2 23555 
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MOBILE UNIT Fm OPERATIVE INTERVENTIONS IN HAZARDOUS SITUATIONS CF CONTAMINATI<N 

D. GALVAN- G.F. MARCOALDI -A. BAZZAN 

E.N.E.A. 

In case of an accident having, as main effect, the release in the environ 
ment of a radioactive or conventional contamination, the consequent interven
tion develops, normally, in three subsequent stages. 

Stage 1. - First intervention, following immediately the accidental event, 
having as principal aim the rescue of the operators eventually 
involved. 

Stage 2. - This stage is very often the most important (except in case of 
instantaneous release) because of the major release of the conta
minant. 
The principal goal to achieve in this situation is to stop the 
event's evolution. 
It becomes therefore important to achieve the following results: 
a) Turning off the apparatus to avoid the risk of further evolution. 
b) Safety and control of the whole facility and components liable 

to be involved or damaged. 
c) Shielding of eventual irradiation sources. 
d) Complete survey of contamination and, eventually, external 

irradiation. 
e) Complete survey by means of TV images and collection of data 

about incidental site and the surrounding area. 
f) First operations of decontamination or bordering, creating 

support areas for following interventions. 

Stage 3. - During this stage, having complete information about the accident 
and its consequences, the decontamination operations can start .to 
restore the original conditions of the site. 

Generally, in typical accidental situations, the existing structures are 
able to carry out stages 1 and 3. Only in very special cases the facility has 
locally complex and protected apparatus suitable to manage stage 2. 

Operative Health Physics Service, by E.N.E.A. Casaccia Centre (Rome-Ialy), 
with the purpose of allowing efficient and effective intervention during a 
"stage 2" situation, realized a Mobile Unit, completely autonomous, able to 
intervene in safety conditions. 

The Mobile Unit consists in a large van and a trailer where all technical 
equipments and instruments are located. Its design assures the safety and 
protection of the intervening operators and their foundamental functions: 
breathing, speaking, working. In fig. 1 it is shown a block diagram of the 
installed equipments. 
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The Mobile Unit, with a minimum team of three operators, is able to op~ 
rate indipendently even inside a toxic or radiotoxic cloud. 

The Unit provides continuously the operators with fresh air, tele-commu 
nication and TV connection. 

At tile eni of tile intervention 1 operators and Unit can be easily deconta
minated by its own decontamination apparatus and be ready for a new timely 
intervention. 

The Unit assures - in EMERGENCY SITUATIONS - the following results and 
advantages: 

- Direct interventions on facilities involved 
Acquisition of TV images and data about the involved site 

- Timely transmission of the obtained information to the Public Authorities, 
for the following civil defence actions 

- First decontamination actions preparing following interventions. 

In CONVENTIONAL SITUATIONS: 

- Decommissioning operations 
- Environmental measurements programs 

CONCLUSIONS 

The Mobile Unit, equipped with an absolute filter system and having long 
autonomy, is able to operate, inside a toxic or radiotoxic cloud, in many 
incidental sites. 
e.g.: Nuclear or chemical plants, ship holds, tunnels, places saturated by 

toxic substances. 

BIBLIOGRAPHY 

D. GALVAN - Methodes and procedures of operative health-physics for exceptional 
maintenance interventions on facility glove-boxes 
AIRP Nat. Congr. 1983. 

G. CAPOROSSI - S. GAGLIARDI - M. ROSSI 
Man protection in hostile surroundings - ENEA News-Aug. 1984. 

566 



Fig. 1 • AIR DISTRIBUTION SYSTEM 
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RADIATION PROTECTION IN NUCLEAR INDUSTRY PRODUCTION 

Zhou Zhumou 
Bureau of Safety, Protection and Health, 

Ministry of Nuclear Industry, 
P.O. Box 2102-14 Beijing, China 

ABSTRACT 

China's nuclear industry got started in the mid-1950s. A decade later she 
had succeeded in developing her first atomic bomb, and then followed the 
reaceful purposes as industry, agriculture and medicine. And now, there are 
a relatively comprehensive nuclear industry and a large number of nuclear 
Rcientists and technicians. Nowadays, the country's first two nuclear pow~r 
Ftat1ons are about to be built. 

Since 1960, China's nuclear industry has been taken the principles i•safety 
first, with prevention and protection precedent", And a series effective 
radiation protection measures has been adopted, such as: 1) we establisbed 
radiation dose standards of radiation protection regulation, earring out three 
pr~nciples of radiation protection. 2) Nuclear reactors and reprocessing 
!llant!'l must have remote control devices, appropriate shielding materials, 
containment of airborne radioactive materials, interloking safety mechanisms, 
continous radiation monitoring systems and effective warning systems. 3) We 
have put great amount of work force and funds in the manageme.nt of high-, 
medium- and low-level radwastes as well as in the research on final disposal 
methods. Bituminization and cementsolidification techniques have been used 
in the treatment of medium- and low-level radioactive wast liquids. 4) Nmpha

sises on radiation protection research; strengthens individual protection, 
health and medicine, prevents the hazard of radioactive materials • 

. From then on, there have been no deaths from over-exposure, no acute cases 

of radiation sickness, and no instances of large-scale environmental pollution. 
Between 1959 and 1984, workers working near reactors, reprocessing plants 

anrl isotope workshops, the -average per capita external radiation dose equiva-

lent has been 9.96 msv. While workers working in uranium exploration, mining, 
metallurgy and prodution of enriched uranium, the dose equivalent has been 

5.0 msv, less one-tenth the state-stipulated standard. 
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RADIOLOGICAL IMPACT OF NUCLEAR POWER IN SWEDEN 
- PRINCIPLES AND TRENDS 

B Ake Persson and Jan Olof Snihs 
National Institute of Radiation Protection, Stockholm, Sweden 

Nuclear power is today a major source of electricity in 
Sweden. In 1986 the consumption of electric energy in the country 
-with its 8.3 million inhabitants - was about 130 TWh which is 
among the highest per capita in the world. Since 1971 twelve 
light water reactors (LWRs) have been put into operation, the 
last two in the autumn of 1985. Altogether the reactors have 
been in operation slightly more than 100 reactor years. Today 
nuclear power accounts for about 50 per cent of the total 
production of electricity in Sweden while the remaining half is 
supplied almost entirely by hydro-electric power. 

The occupational radiation exposure has during these years 
been comparatively low put in an international perspective 

with only a few exposures over the dose limits. The radiation 
exposure outside the four nuclear sites caused by the released 
radioactive substances has generally been only a few per cent of 
the reference value given by the national regulations. This 
applies to a situation in which the long term exposure effects 
from carbon-14 are not included. 

1 OCCUPATIONAL EXPOSURE 

The occupational exposure is influenced by a number of 
technical as well as administrative factors. The radiation 
sources inside a plant are design-related and depend on such 
factors as material selection and water chemistry. Other 
important factors are work-planning, education, training, dose 
surveillance and feed-back of experience. It is also essential 
that the radiation protection staff has such a position within 
the plant organization that it can have an overview and influence 
of all these factors. 

The same type of thermoluminescent dosimeters are used by 
all Swedish plants and the recorded doses are transferred to a 
joint register for dose data. The intakes of radioactive 
substances are checked at the plants by whole-body measurements. 
Internal exposure has, however, been insignificant compared with 
external exposure. 

1.1 COLLECTIVE DOSES 

About 70 to 80 per cent of all the collective doses are 
received during the routine outage periods. The distribution of 
the annual collective doses has been such that the contractors' 
personnel received about 75 per cent of the total annual collec
tive doses. To establish a tentative guideline for a restriction 
of the occupational exposure at the Swedish LWRs, the Swedish 
National Institute of Radiation Protection (NIRP) has suggested 2 
mmanSv per installed MW electrical capacity and year as a level 
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of ambition to which the collective dose equivalent on average 
should be limited. Table 1 gives the values for the past ten 
years. 

Table 1 NOru1ALIZED ANNUAL COLLECTIVE DOSES 
AT SWEDISH LWRs - 1977 - 1986 

Year Number Average 
a) 

mmanSv 
b) 

mmanSv 
of manSv per per MW(e) 
reactors per unit MW(e)·a per year 

1977 6 1.70 4.9 2.9 
1978 6 1.37 3.2 2.2 
1979 6 1.69 4.2 2.7 
1980 7 1.43 3.5 2.2 
1981 9 1.46 3.2 2.1 
1982 9 1.06 2.3 1.5 
1983 10 1.47 3.2 2.0 
1984 10 1.16 2.0 1.6 
1985 12 0.92 1.7 1.2 
1986 12 1.43 2.1 1.8 
a) Energy generated 
b) Installed capacity and year 

1.2 INDIVIDUAL DOSES 

The average annual dose both for plant personnel and 
contractors' personnel has been between 2.5 and 3.5 msv. The 
distribution has been such that about 85 per cent of the workers 
received annual doses less than one tenth of the 50 msv dose 
limit. On average only three per cent of the workers exceed 15 
msv. Only a very few overexposures have occurred and none of 
them has been serious. 

1.3 PREDICTION OF LIFETIME DOSES 

Some attempts have been made to predict the lifetime dose
equivalents for the workers who receive the highest occupational 
exposure. About two per cent of the exposed workers, which means 
150-200 individuals, were considered. The average predicted dose 
over a 40-year employment period amounted to 0.5 Sv with maximum 
values in the order of 1 Sv. It is impossible to point out a 
special occupational group as all groups have a few individuals 
with comparatively high lifetime doses. However, the group 
"material testers" and some specialists among the "mechanical 
workers" seem to be the most interesting groups in this respect. 

2 RELEASES TO THE ENVIRONMENT 

The regulations regarding limitation of releases of radioac
tive substances from nuclear power plants (NPP) were in .their 
present form issued by the NIRP about ten years ago. The main 
general provisions state that every NPP shall have such a design 
for normal operation conditions that the sum of the effective 
dose equivalents due to expected resulting releases should be 
less than 0.1 msv per year. This dose applies to the critical 
group. An annual evenly distributed release corresponding to 
this dose value is named a norm release. This value shall be 

570 



seen as a reference value and it-has not the formal character of 
a limiting value for the permitted dose in a given operating 
situation. 

The limit for the global collective dose equivalent is set 
to 5 mansv per gigawatt of installed electric power and year. 
For radioactive nuclides with long half-lives such as carbon-14, 
the time integral of the collective dose equivalent rate is over 
500 years. The purpose of the limitation of the collective dose 
is to limit the future annual average dose equivalents to lOO)ASv 
at a time when the number of reactors may be much greater than 
today. This requirement has so far been applied less stringently 
than was intended but that can be acceptable during the initial 
period of time of the nuclear power era. 

2.1 ATMOSPHERIC RELEASES 

The releases of radioactive nuclides have varied in time and 
between the various units. The dominating amount of releases 
comes from atmospheric emission of radioactive noble gases. This 
kind of release depends greatly on the condition of the fuel 
cladding. For example the releases of noble gases from Ringhals 
unit 1 have been the highest among the Swedish reactors, see 
figure 1. In this case the fuel cladding damage is expected to 
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have been caused during the first years of operation when diffe
rent power change tests were performed. The original old fuel 
has been gradually replaced which has resulted in considerably_ 
lower releases. In recent years the atmospheri~ emission from 
Ringhals 1 has been below 5 per cent of a norm release which 
corresponds to an annual effective dose equivalent of 5~Sv or 
less. Furthermore the newer reactors in Forsmark and Oskarshamn 
have been equipped with offgas treatment systems including 
charcoal columns and a recombiner system. These systems have 
limited the emission of radioactive gases from the plant further. 
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With the exception of a few years, the annual atmospheric 
emission has been of the order of 1 to 5 per cent of a norm 
release for Ringhals and Oskarshamn. For Forsmark and Barsebeack 
the releases have been at least an order of magnitude lower. The 
contribution from c-14 is not included in this assessment. 

2.2 AQUATIC RELEASES 

As in the case of the releases to the atmosphere, the relea
ses to water have not varied appreciably between the four 
nuclear power sites. In this respect Figure 1 can therefore be 
seen as a representative example. This means that the relative 
contribution from aquatic releases to the exposure of the criti
cal group is much higher for Forsmark and Barsebaeck than for the 
other two Swedish sites. The releases to water, which mainly 
consist of radioactive corrosion products, have been of the order 
of 1 to 3 per cent of a norm release . 

2.3 COLLECTIVE DOSE ASSESSMENT 

The major contribution to the collective dose comes from 
carbon-14 wich is mainly released to the atmosphere. However, no 
measurements of releases are regularly performed at the Swedish 
nuclear power plants. To assess the radiological impact of 
released carbon-14, data are taken from national and internatio
nal analyses. 

The estimated doses are given in Table 2. For Ringhals 
site this means 3 mansv per GW(e) installed capacity per year and 
for the other three sites 6 manSv. The latter value is slightly 
above the ambition level given in the regulations. 

Table 2. Annual doses from releases of C-14 from Swedish LWRs 
Site Individual doseb) Collective dose 

Barsebeack 
Forsmark 
Oskarshamn 
Ringhals 

b) Critical group 

2.4 SUMMARY 

(pSv) (manSv) 

0.9 
0.6 
0.5 

11 

7 
18 
13 
10 

The highest releases have been at the Ringhals unit 1 and 
Oskarshamn unit 1, and have in some exeptional y~ars been of the 
order of 40 to 50 per cent of a norm release. This corresponds 
to assessed doses of about 50 #SV. For most of the years the 
assessments of the exposure for the critical group give doses of 
the order of 5 Usv or less when the contribution from carbon-14 
not is included. 



DOSE REDUCTION AND CONTROL AT THE WINFRITH REACTOR 

B G Chapman, T E Blackman 
UKAEA, Winfrith, Dorchester, Dorset, UK 

1 INTRODUCTION 

The Winfrith Reactor is a 100 MW(e) heavy water moderated, 
light water cooled, pressure tube reactor. It was designed and 
built in the 1960s as a prototype, using the best technology 
available at the time. Coolant chemistry problems initially 
caused fuel failures and due to material specification, 
significant quantities of activated corrosion products and minor 
quantities of fission products are transported into working 
areas. For several years the Reactor has been the focus of a 
major dose reduction programme with the emphasis on reducing 
individual doses. The options available in a dose reduction 
programme are straightforward. Remove or reduce the source and 
then apply the usual "distance, shielding and time". Source 
reduction depends upon the replacement of dose contributing 
alloys (eg Cobalt-rich stellite) where practicable, the 
refinement of chemical control of the coolant to minimise 
pick-up, transport and plate-out of the active species together 
with chemical cleaning of the circuit before major maintenance 
work starts in the primary containment. Gains can also be made 
by arranging rapid removal of active waste. 

Distance usually means relocating active plant items 
requiring maintenance from high dose areas to low. Identifica
tion of such items is greatly facilitated by the collection of 
dose records specific to work areas and jobs. The costs of plant 
relocation are often high and in Cost Benefit terms unattractive 
(see 5). For an existing plant, shielding may be portable-
eg lead wool blankets - or permanent, and may be cheaper than 
relocation. Permanent shielding need not necessarily be of 
sophisticated design; for example a high density concrete brick 
wall, erected by relatively unskilled staff, produced a dose rate 
reduction of about xlO in an area of high occupancy. Of all the 
available methods, working time reduction and dose sharing 
potentially offer the most cost effective option but their 
successful application is crucially dependent on sophisticated 
dose recording and analysis techniques. It is with these 
techniques that this paper is chiefly concerned. 

2 ANALYSIS OF PERSONAL DOSE 

2.1 Data Collection. Effective control of individual doses in 
situations where significant doses can be incurred very rapidly, 
requires a system which works very closely to real time. The 
system developed involves the issue of personal indicating 
dosemeters (PIDs) on entry to potentially high dose, barriered, 
work areas in addition to routine issue TLD badges. These PIDs 
are read out by Health Physics Barrier Controllers and the data 
transferred to the local Dose Control Computer. The flow diagram 
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of the system is shown in Fig 1. Although careful sensitivity 
checks have been made between the PIDs and the (legal) TLDs, for 
staff approaching local dose limits, the TLD badge read out is 
available within 30 minutes. 

2.2 Dose to Different Work Groups. To target dose reduction 
measures most productively, the reactor work force was split up 
into about 40 different groups and the dose received by each. 
group measured. As with most water reactors the highest dose 
groups were those associated with mechanical maintenance work. 
An example of a dose reduction measure for these groups is to use 
labour from other, lower dose, groups to erect temporary 
shielding rather than mechanics themselves. Individual doses in 
groups were also looked at and where wide variations were 
apparent, supervisors were requested to investigate the situation 
to share the dose more evenly. 

2.3 Dose for Different Tasks. Of the several hundred planned 
tasks carried out during a maintenance shutdown, analysis showed 
that about 20 produced 60 to 70% of the total dose. Most of 
these high dose tasks are foreseeable and special provisions to 
reduce doses made, eg special tools, training, mock-ups and local 
shielding; however some of these jobs encounter unforeseen 
problems and it is essential to review task doses daily to allow 
remedial actions to be taken. Some initial effort was required 
to motivate staff to provide correct task numbers to the Barrier 
Controllers but the accuracy of dose allocation has steadily 
improved and with the issue of task number tags to personnel, has 
probably ensured a 90 to 95% accuracy - more than adequate for 
planning purposes. Further analysis highlighted the high 
proportion of dose incurred on some high dose tasks by those 
carrying out preparatory work such as scaffolding installation 
and removal and replacement of thermal lagging. More permanent 
scaffolding and demountable lagging panels are now provided. 

2.4 Presentation of Dose Information. It is essential that 
the supervisors organising and allocating work are provided with 
regular, frequent and clear information on individual doses. 
During the annual maintenance shutdown the work force is enhanced 
by contractors and staff from other buildings and AEA sites and 
many people have different dose limits ascribed to them by their 
home base. A simple alphabetical list of "best estimate" doses 
is therefore inadequate. During the night, Health Physics shift 
staff produce a dose list of each supervisor's team and as well 
as listing "best estimate" monthly, quarterly and annual doses, a 
final column lists "dose to go to lowest limit". Supervisors 
usually use data in this last column as a basis for work 
allocation. Individual and task dose data also go to senior 
supervisors and Health Physicists. 

3 SIMVIDOSE 

The system is fully described elsewhere (Ref 1) and its 



operational use at the reactor will be illustrated here. One job 
involving a potentially high dose was the replacement of a 
reactor pressure tube. The TV camera and lights were therefore 
erected in an area where dose rates of up to tens of mSv hr-1 
were possible and the dose incurred had to be offset against 
potential dose savings. In the event the task was carried out 
for about 50/60% of the original dose estimate. Some of this 
saving was due to training and equipment improvements on the 
mock-up but SIMVIDOSE contributed the following: 
(a) Supervisors were able to monitor work from low dose rate 

areas and act appropriately. 
(b) Support staff viewed the work on TV and needed a minimum of 

takeover briefing. 
(c) The person wearing the dosemeter effectively carried out an 

area radiation survey and this allowed "hot spots" to be 
identified and shielded. The video tape of the operation is 
also a useful training aid. 

4 TRAINING 

4.1 Training Techniques. When providing training for numerous 
staff the use of a video or slide/tape presentation is often 
preferred. However some form of personal contact must be 
established perhaps via a question and answer session at the end, 
and by highlighting special factors applicable to the particular 
audience. (The classic methods of dose reduction by "Time, 
Distance and Shielding" should be physically demonstrated.) 

4.2 Refresher Training. It has been found that initial 
training has to be supplemented by other techniques to maintain 
individual interest in dose reduction measures. These other 
techniques involve the repeating of initial training, preferably 
with some variations to maintain interest, personal contact when 
specific tasks involving high doses are proposed or carried out 
or high individual doses incurred, and financial incentives, such 
as staff suggestion schemes, for dose saving ideas. The 
provision of eye catching notices highlighting areas of high dose 
rate and low dose rate have proved useful but are soon taken for 
granted and need to be revised regularly to maintain an impact. 

5 COST BENEFIT ANALYSIS - CBA 

CBA, as part of the ALARP (As Low As Reasonably Practicable) 
process, has been helpful in the selection of viable schemes but 
much depends upon the skill, familiarity with the plant and its 
history and appreciation of the future programme possessed by the 
practitioner. Usually however the "social" factors of ALARP 
outweigh the "economic", and expenditure on dose saving is 
frequently greater than the approximate £25K per man Sv indicated 
by the NRPB proposals (Ref 2). The expenditure justified by CBA 
is often exceeded by custom and practice in the industry. 



6 ASSESSMENT OF DOSE REDUCTION PROGRAMME EFFECTIVENESS 

Measurement of dose savings from the various actions 
described is hampered by the interaction of plant modifications 
and changes in work requirements or operating regimes. The 
general picture of dose rates in working areas can be measured by 
fixed point instruments (40 are used in the reactor containment) 
but even here the results are confused by the effects of local 
plant changes. Two assessment methods are therefore used: 
(a) Standard tasks carried out during each annual shutdown, 

chosen for their independence of other work and their total 
dose penalty measured. 

(b) The total daily personnel dose is measured for operational 
and shutdown periods. Table 1 shows the rapid initial 
improvements but the increasing difficulty in maintaining 
the annual reductions, which progressively need greater 
effort to achieve. 

7 CONCLUSIONS 

The dose reduction programme has been very successful with 
the total annual collective dose halved over 5 years but further 
improvements are increasingly hard to achieve. The use of 
comprehensive computerised data analysis has been a major factor 
both in targeting action areas and the operational control of 
dose uptake. Finally, a co-operative climate of commitment to 
the programme both amongst workforce and management is essential 
both during training and operation. 

Work Area 
Access 
Control 

Dose 
Control 
Office 

Dosi~etry 
Serv1ce 

Fig 1 SYSTEM FLOW DIAGRAM 

PID Issue/return 
PID Results 

TLD Issue/return 

TLD Results 
Bio-assay Results 

r-----------------~ 

Work Supervisors 
Work Planners 
Management ~•~----1 
Health Physics 

Table 1 NORMALISED SHUTDOWN AND OPERATIONAL EXTERNAL DOSE RATE 

Average Shutdown 
Dose per day 

Average Operational 
Dose per day 

1981 
1.00 

1.00 

1982 
0.81 

0.87 

1983 
0.69 

0.70 

1984 
0.66 

0.67 

1985 
0.63 

0.59 

1986 
0.63 

0.61 

Ref 1 GC Meggitt Reduction in Occupational Doses Using the 
UKAEA SIMVIDOSE System (Paper 292 IRPA-7). 

Ref 2 National Radiological Protection Board - ASP.9. 

576 



RADIATION DOSES M' ENEA NUCLEAR RESEARCH SITES 

M. Ll'l'IDO, D. LA'l"rANZI, L. LEMBO 
ENEA-PAS BOLOGNA, ENEA-SAG ROMA, ENEA-PAS BOLOGNA - ITALY 

The ENEA (Italian Nuclear Energy Agency), through its Health Phys
ics Department sited in Bologna, provides a radiation monitoring service 
by delivering and reading about 60000 film-ha~ges and TL dosemeters in 
order to control the radiation doses of about 15000 workers exposed to 
radiation risks in many kinds of plants in the fields of industry, medi
cine, nuclear, research and so on. 

Among these workers some 2000 work at ENEA nuclear sites, where re
search reactors, radiological machines, radiochemical laboratories, 
plutonium facilities and fuel elements fabrication and reprocessing 
plants are in operation. 

Such a large quantity of workers and the larger quantity of 
dosemeters (one or more per each worker and per each month or 45-days) 
have imposed the use of an automated production system controlled by a 
computer. 

The whole Joscmc·lcrs management automatic system, an overall de
scription of the dosemeter used and the main results of an in-progress 
study on occupational doses to ENEA radiation workers, in comparison 
with the other Italian radiation workers, will be now briefly outl ineJ. 

The dosemeters management system automatically performs the follow
ing operations (fig.l) by means of a local control computer: dosemeters 
preparation and user-match; dosemeters reading and identification; indi
vidual dose data management (storage and retrieval); statistical analy
sis (annual mean individual dose, standard deviation, yearly collective 
dose, cumulative distributions, etc.); notification and warning report 
production. To perform these tasks the local control computer is con
nected with a host computer IBM-3090 which is linked in network with 
ENEA's main frame systems. 

The local computer also maintains all the information files and 
performs all technical and administrative operations for their manage
ment. The master files are: 

1) Customer file (where the customer may be an establishment or a 
person) which contains customer addresses, number of workers who 
need dosemeters and type of dosemeter, and all administrative infor
mation; 

2) Workers file which contains information about workers exposed to 
radiation such as date of birth, sex, number and type of worn 
dosemeters and, if possible, details concerning their employment and 
accumulated doses for the previous and current year; 

3) Dosemeter file which contains more detailed information about 
dosemeters issued by the service. 
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Fig.l: Dosemeters management flow-chart 

As (or the type of dosemeters issued, the II.P. Department in 
Bologna, at the present time, has just turned to use BeO 'l'L!Js instead of 
film-badges in view of the known advantages of accuracy, precision, 
cheapness and handiness of the first one, in comparison with the latter. 
In addition, compared with other commercial dosimetric systems, the em
ployed technique, based on one card with two BeO detectors and two cards 
to filter one of them, presents the following main advantage: the BeO 
dosimetric card, on its return to the service, can be reassigned to any 
user; in fact, while an automatic packing machine puts the three cards 
together, the bar code is coupled to a user name and this information is 
printed on the front thin card and kept by the computer. On return, 
dosemeters are unwrapped and the BeO card is read by an automatic 
TL-reader (Harshaw mod. 2271) which sends the code and the two readings 
(filtered and unfiltered) to the computer for dose calculation. After 
the reading, in the case of low doses, the card can be again reassigned 
to any user without additional thermal annealing cycles. In this way 
dosemeter management is easier and faster and we can also minimize pos
sible systematic errors taking into account the calibration of the sin
gle BeO card, previous evaluated and recorded. 

As for the dose data analysis -owing to space constraints just some 
main and typical results are shown here- such a kind of study can be a 
starting point from which the Health Physicist, as a person strongly in
volved in a radiation protection program, can receive suggestions, per
form evaluations, identify future needs and possibly make improvements 
as for the workers radiation protection level in order to better meet 
the legal requirements too. From a broader view point the use of doses 
from personal monitoring services can offer a useful data base for 
epidemiological studies. Tables I and II show two examples of typical 
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outputs of the computer system after the statistical treatment of the 
dose data. 

Indivirual N. of workers Total collective % of collective f~Ban Standard 
interval (%) dc:Be inside the dc:Be inside the individu?l deviatim 
(Ht3v) inlcrval (non- interval th>e (nCv) (ntiv) 

rr6v )( curulati ve) ( curulati ve) 

0 .;. 0.5 782 (80.7) 13.65 (13.65) 3.85 G.85) 0.017 0 .0'17 
0.5 1 38 (3.92) 28.93 (42.58) 8.17 (12.02) 0.761 0.142 
1 . 2.5 112 (11.:6) 186.91 (2.29.49) 52.79 (64.81) 1.669 0.423 
2.5 . 5 36 (3.72) 117.23 (346.72) 33.10 (97.91) 3.256 0.562 

>5 1 (0.1) 7.41 (354.13) 2.09 (100.0) 7.41 -

Overall 969 (lCO) 354.13 100.00 0.365 -

Table 1: Doses to all ENEA workers in 1985 

~ 1981 1982 1983 1984 1985 
~ 

1980 

----- -----~ --~------ ~---

BOLOGNA 5 .().1 1.86 2.20 4.82 3.61 0.0 
(0.05) (0.02) (0.01) (0.03) (0.02) (0.0) 

SALUGGlA 8.28 13.19 52.77 11.60 l. 11 1.08 

(0.03) (0.08) (0.21) (0.05) (0.02) (0.0) 

TRlSAIA 87.6:, 36.911 102.39 72.03 30.01 347 .t19 

(0.43) (0.19) (0.45) (0.33) (0.12) ( 1.35) 

FRASCATl 89.31 36.33 42.51 11.88 62.20 71.30 
( 0. 31) (0.11) (0.13) (0.04) (0.18) (0.17) 

CASACCIA 214.71 103.35 40.09 29.95 31.09 32.17 

(0.22) (0.11) (0.04) (0.03) (0.03) (0.04) 

All italian ( 1.00) (0.28) (0.30) (0.38) (0.20) (0.45) 

radiation 

workers 

~--·-

Table 2: Breakdown of collective (individual) doses (man mSv(mSv)) dur
ing recent years at ENEA centres 

It can be seen that both the collective doses and the mean individ
ual ones are not only lower than the statutory and the recommended lim
its but even satisfactorily low especially when compared with the mean 
individual doses to all the italian radiation workers. Apart from the 
good radiation protection level at ENEA nuclear sites, as a matter of 
fact the radiation risk at ENEA plants is fairly low; that is mainly due 
to the very kinds of the plants themselves. 
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A last brief consideration concerning raw data treatment and inter
pretaUon: it is well known that, in dealing with such data analysis 
problems, sane questions arise about dosimetric readings when they are 
not available (because the dosemeters are lost or something like that) 
or they are lower than the minimum detectable dose, which is 0.1 mSv for 
the dosemeter used. 

ln lhc fjr~-;L case the 11 missing 11 periodic dose value has bec11 calcu~

lated on the basis o[ the remaining three quaterly readings o( Lhe con
cerned worker during the concerned year. This procedure is based on the 
assumption, which is fairly realistic at least at ENEA, that the kind of 
job and operations performed by that worker during Lhat year is fairly 
homoyeneous( *). l\s far as doses lower than a minimum level are con
cerned, these are considered in the analysis, the recorded values being 
zero. 

As concluding remarks the whole dosemeters management automatic 
system here depicted is an easy to use tool for maintaining, retrieving 
and updating personnel radiation exposure records in an accurate, rel i
able and odaplable way. '!'he dosimetric history of any radial ion worker 
is continuously up to dale just to comply with the legal requirements 
too. The statistical analysis software module can provide a broad and, 
at the same time, an in-depth description of the situation of occupa
tional radiation exposures at ENE/\ plants, showinq how 1 im.iLed lhe radi
ation risk is at these plants. 
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DEBITS D'EXPOSITION DANS LES CENTRALES REP EDF 
ANALYSE ET TENDANCES 

BRISSAUD Alain, RIDOUX Philippe 
EDF/SEPTEN, Villeurbanne - FRANCE 

BERTHET Jean-Pierre, CHEVALIER Christian 
EDF/SPT/DSRE, Saint-Denis - FRANCE 

ANTHONI Serge 
CEA/CEN Cadarache, St-Paul-lez-Durance - FRANCE 

1. INTRODUCTION 

Le pare nucleaire francais represente a ce jour 40 unites de 
type REP en fonctionnement, pour 200 annees reacteur. 

Son importance a necessite la mise en place d'un programme 
d'investigation coherent afin de surveiller et analyser les 
niveaux d'exposition au voisinage des circuits. 

Cette approche a permis de degager les facteurs importants 
expliquant le bon comportement des tranches francaises 
/figure 1/. 

2. LES MOYENS D'INVESTIGATION 

2.1. Les mesures IN-SITU 

Elles sont effectuees au cours des arrets : 

- EDF/SPT/DSRE mesure les debits d'equivalents de dose (DOD) au 
voisinage des circuits principaux de chaque tranche du pare, en 
des points et pour des situations donnes. 

- le CEA/CEN CADARACHE determine, a la demande d'EDF, l'activite 
deposee des divers radionuclides et plus particulierement celle 
des isotopes du Cobalt, Co58 et Co60, qui contribuent pour 
l'essentiel aux DOD. 50 campagnes de mesures ont ete effectuees a 
ce jour. 

2.2. Les etudes fondamentales 

Elles concernent l'etude du comportement des materiaux, du 
transfert des produits de corrosion et le developpement des 
moyens d'analyse des oxydes. Elles s'effectuent sur boucles 
d'essai ou in-situ. 

Les enseignements recueillis sont integres dans les modeles 
utilises dans le code PACTOLE du CEA, qui constitue le lien entre 
les aspects theoriques et les observations sur reacteur. 
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Leur respect par l'exploitant explique que lc retour 
d'exp~rience d'EDF ne permette pas de mettre en ~vidence de facon 
nette !'influence du conditionnement chimique. 

Les r~flexions sur les valeurs du PH optimum (6.9 ? 7.1 ?) 
se poursuivent et des elements de d8cision devraient etre fournis 
par des essais sur reacteur. 

4. CONCLUSIONS 

Les bons resultats obtenus par EDF sur les debits 
d'exposition au voisinage des circuits resultant de la conception 
et du fonctionnement de ses r~acteurs. Ils constituent un 
environnement favorable pour les operations de maintenance. 

Ce constat devrait etre confirme dans les prochaines annees 
par 

- 1' introduction, progressive depuis 1984 sur les tranches en 
fonctionnement, des grilles de maintien du combustible dites de 
"conception avancee" (Zircaloy) 

- mais egalement pour les generateurs de vapeur de remplacement 
ou equipant les tranches non encore d~marr~es : 

faisceau tubulaire en alliage presentant une bonne 
resistance ~ la corrosion (Inconels traites thermiquement, 
Inconel 690), 

boites a eau electropolies, afin de limiter leur 
contamination par les produits d'activation de corrosion. 

Neanmoins, EDF restera vigilant sur divers points : 

- comportement des faisceaux tubulaires des GV de type F3 et DDD 
au voisinage de ces faisceaux ; 

- problemes lies au vieillissement du pare et a la tenue des 
mate:r·iels 

- impact du fonctionnement (augmentation de puissance, de la 
ruanoeuvrabilite, etc ..• ) 

- poursuite des reflexions sur les materiaux de 
stellites, le conditionnement chimique ou la 
circuits. 

remplacement des 
passivation des 

Ces efforts constants tE:~moignent de 1' interet accorde par 
EDF aux niveaux d I exposition et a la dosimetrie associee a la 
maintenance des reacteurs. 

L' experience acquise en matiere de contamination des 
CircuitS 1 deS debitS d I equivalentS de dOSe et deS moyenS de 
calcul associes devraient se reveler utiles pour les operations 
de maintenance normales ou exceptionnelles. 
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3. FACTEURS IMPORTANTS REGISSANT LA CONTAMINATION DES CIRCUITS 

3 .1. Influence du mode de fabrication du faisceau tubulaire des 
generateurs de vapeur (GV) 

Une correlation a ete etablie entre la contamination des 
faisceaux tubulaires et leur origine. 

Parmi les trois fournisseurs (Fl, F2, F3), on note un 
comportement tres different pour les GV de type F3, qui equipent 
la majorite du pare : on constate sur un mArne reacteur que ces 
faisceaux retiennent plus l'activite des divers radionuclides, 4 
a 5 fois plus que les faisceaux Fl par exernple. 

Ainsi pour les tranches possedant au rnoins un de ces GV, on 
observe une activite deposee preferentiellernent sur les faisceaux 
au detriment des tuyauteries primaires /figure 2/. 

On constate 8gulement une activit(~ tot.ale 
circuit prima ire plus importante pour le Co 58, 
re1achement de Nickel plus eleve. 

deposee sur le 
resultant d'un 

La combinaison de ces facteurs se traduit par : 

- des DDD plus eleves au voisinage des fetisceaux de type F3, 

- une moindre contamination des tuyauteries, tres visible pour le 
Co60 I figure 3 I, et done des DDD plus faibles au voisinage des 
tuyauteries /figure 4/ et dans les boites a eau, 0~ ont lieu la 
majorite des travaux de maintenance. 

3.2. Influence de la teneur en Cobalt du faisceau tubulaire 
des GV 

L'effet benefique d'une faible teneur en Cobalt des 
faisceaux sur l' acti vi te to tale deposL~e en Co60 a ete mise en 
evidence par les bilans d'activites provenant des rnesures IN-SITU 
/figure 5/. 

Ceci justifie l'attention portee par EDF a la reduction des 
teneurs en Cobalt de ces mat.eriels. Les autres sources 
potentielles de Cobalt n'ont pas ete pour autant negligees. 

3.3. Influence du conditionnernent chimique du circuit primaire 

EDF et CEA ont toujours considere que le 
chimique etait un moyen efficace permettant 
niveaux d'exposition. 

conditionnernent 
de limiter les 

Aussi, des specifications ont ete imposees, depuis 1981, a 
1' ensemble des tranches en fonctionnernent : elles consistent a 
maintenir, dans la limite des contraintes d'exploitation, un PH a 
300°C constant et egal ~ 6.9. 
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REASONS WHY TVO HAS ONE OF THE LOWEST COLLECTIVE DOSES AMONG THE 
WORLD'S NUCLEAR POWER PLANTS 

Reijo 0. Sundell 
TVO, Industrial Power Company Ltd. 

27160 Olkiluoto, Finland 

ABSTRACT 

Industrial Power Company Ltd. (TVO) owns and operates two 
boiling water reactor (BWR) units of Asea-Atom design in 
Olkiluoto, Finland. The installed net electric power of each unit 
is 710 MW. The full power operation of TVO I and TVO II began in 
1979 and 1980, respectively. This paper discusses the main reasons 
why the annual personal doses have stayed on a very low level at 
the TVO power plants. The variation in annual collective doses 
falls between 0.3 and 0.8 Sv, and the highest annual effective 
dose equivalent was 16,75 mSv. The main reasons are listed below: 

1. Plant design: the highly radioactive systems are separated 
from the low ones. The capacity of the reactor-water cleanup 
system is relatively high. The main components are made of mate
rials with low cobalt concentration. 

2. The radiological work permit system is computer based. The 
most important information about different components, systems, 
and rooms, like dose rates and contamination levels, is stored in 
the memory. Radiological work permits, which have been carried out 
earlier, are also stored in the memory. Good prior knowledge of 
characteristics in the work objects makes careful work planning 
possible. 

3. Work dosimetry system: to be able to limit doses, a good 
knowledge of the work activities that contribute to doses is 
needed. TVO has a very up-to-date microprocessor-based work 
dosimetry system equipped with seven readers and 350 dosimeters. 
The only way to perform satisfactory as-low-as-reasonably
achievable calculations is to know the exact work doses. 

4. Outage 
and that is 
planning. With 
shortened to 2 

planning: outages cause ~80% of all annual doses, 
why special emphasis must be placed on advance 
careful planning, the annual outage time has been 
to 3 weeks. 

1. DOSE STATISTICS 

TVO has one of the lowest collective doses among world's 
nuclear power plants. The dose statistics of annual collective 
doses, doses during refuelling periods and collective doses per 
GW~-yr at TVO Power Plant are set out in Table I. It can be seen 
in the table that on average more than 80 per cent of collective 
doses are received during refuelling periods. 



For the sake of comparison it can be mentioned that TVO's annual 
collective doses represent less than 10 per cent of corresponding 
values in US-reactors. TVO's annual collective doses are even 
lower than the annual doses in similiar Swedish reactors of Asea
Atom design. TVO's highest annual collective dose per plant unit 
ever reached has been 0,94 manSv (94 man rem) and the lowest one 
for a calendar year with refuelling period 0,36 manSv (36 man 
rem). The average collective dose for a calendar year with 
refuelling period is 0,54 manSv (54 man rem). 
The highest annual dose for an individual has so far been 16,75 
mSv (1,7 rem). The average annual personal dose per two units for 
personnel exposed has varied from 0,52 mSv (52 mrem) to 1,41 mSv 
(141 mrem) which means that corresponding doses per one unit are 
clearly below 1 mSv (100 mrem). 

TABLE I. ANNUAL DOSE STATISTICS. DOSES ARE GIVEN IN MAN SV. 

Year Collective doses Refuel.shutdown doses man Sv/GWe-yr 
TVO I TVO II TVO I TVO II TVO I TVO II 

1978 0,01 
1979 0,22 0' 10 
1980 0,50 0,03 0,37 
1981 0,49 0' 13 0,43 0,06 0,95 0,32 
1982 0,50 0,54 0,39 0,43 0,88 1,03 
1983 0,57 0,36 0,49 0,28 1,04 0,61 
1984 0,44 0,80 0,34 0,70 0,70 1,32 
1985 0,38 0,58 0,27 0,47 0,61 0,94 
1986 0,94 0,43 0,86 0,35 1 '51 0,55 

2. REASONS FOR LOW DOSES 

There are several factors which can contribute to low doses. 
In the following the subsequent factors are dealt with; 
Administrative Factors, Directly Affecting Factors and Technical 
Factors. 

A. ADMINISTRATIVE FACTORS 

Outage planning. An important part of keeping doses to a 
m1n1mum involves carefull preplanning of annual refuelling 
periods. Over the years the length of the refuelling periods has 
been reduced from 56 days to even 13 days. The minimization of 
doses in short refuelling periods is based on effective scheduling 
of job-functions and on minimizing the size of the workforce. TVO 
limits the size of workforce during refuelling period to a minimum 
by evaluating in advance the need of man-hours and manpower in 
each work. Furthermore about 80 % of workers are the same from 
year to year which also helps to minimize the size of workforce 
and time as workers are already familiar with jobs to be done, 
and with TVO's rutines and instructions. 
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Work permit and radiological work permit systems are 
computerised. All permits as well as the radiation and 
contamination levels of all components and rooms are registered in 
the computer's memory. Health Physics Tecnicians use this 
information to their advantage while planning radiation protection 
actions. Furthermore the work-specific dose statistics, which are 
received by the real time dosimeter system are at HP tecnicians' 
disposal. 

B. DIRECTLY AFFECTING FACTORS 

Work-dosimeter system. To limit doses it is essential to know 
which operations cause the highest doses. It should also be 
possible to divide doses into different phases of operations, to 
pin down those phases where doses can be limited. Personal doses 
at TVO Power Plant are controlled with individual TL-dosimeters, 
which form the basis of the dose registration. Doses of different 
work activities are controlled by an ADR-100 microprocessor-based 
reader with digital RAD-80 dosimeters, which are equipped with a 
dose display, a dose limit alarm and a memory of worker's ID-code. 
Armed with this equipment the worker can quite independently keep 
a chech on his personal dose. At the TVO Power Plant the work
dosimeter system is used routinely during work activities where 
the total dose is estimated to exceed 1 mSv (100 mrem). 

FIG 1. Work-dosimeter system 

Limiting internal doses. In the case of airborne contamina
tion TVO's policy is to limit and even avoid internal doses always 
when the airborne contamination exceeds 0,1 DAC (0,1 MPc 40 ). By 
using half face and full face respirators and even masks with 
fresh air supply the internal contamination has been managed to 
keep on a very low level, less than 0,5 per cent of ALI-values. 

Good housekeeping practices. The amount of contaminated area 
in the plant is always kept to a minimum. At the moment there are 
4-5 contaminated rooms per unit compared with the total amount of 
1500 rooms. This results in greater accessibility to plant systems 
and lower background dose rates in those areas. Clean up of walls, 
floors and ceilings has been greatly helped by painting them with 
paint, which tolerates cleaning and decontamination. 
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C. TECHNICAL FACTORS 

Separation. The main principle in layout design has been to 
instal radioactive and nonradioactive systems and components in 
separate rooms. Each room with radioactive components has its own 
access from the corridor. Valves in high radiation rooms, which 
must be operated manually, are equipped with remote regulating 
devices in the corridor through the wall. Maintenance of 
components has been taken into consideration by equipping rooms 
with necessary lifting devices as well as working platforms and 
ladders. 

Material specification. Special attention has been paid to 
the selection of materials. All the internal parts of the reactor 
vessel are manufactured from stainless steel or Inconel with 
cobalt content less than 0,05 per cent. Stellite has not been used 
at all in the reactor. A lot of stainless steel has been used even 
in pipes which are in touch with reactor water. Such systems are 
for example Reactor Water Cleanup system, Reactor Shut Down system 
and Feed Water system. 

Recirculation pumps and control-rod-drives. Systems which 
typically have very high external dose rates have been designed 
in such a manner that dose rates have been stayed on a very low 
level. By using internal recirculation pumps instead of external 
ones, the reactor containment volume is reduced by about 20 per 
cent. A continuous purge water flow through the control-rod-drives 
and the six recirculation pumps prevents the accumulation of 
reactor water impurities, i.e. ensures low contamination level. 
The occupational exposure per one sepved control-rod-drive and per 
one recirculation pump has been 1 mSv and 3 mSv, respectively. 

Water chemistry. The primary circuit water is treated by two 
independent, coordinated cleanup systems, the Reactor Water 
Cleanup and the Condensate Cleanup system. The Condensate Cleanup 
flow is 100 per cent. The normal cleanup flow of Reactor Water 
Cleanup system is 2 per cent of steam flow but when necessary it 
can be doubled. High reactor water purity reduces the radioactive 
contamination of the primary systems, thus ensuring better 
accessibility and lower occupational radiation exposure. 

High capacity factors. The average capacity factor of plant 
units has been since 1982 over 80 per cent and since 1984 even 
higher, 87 per cent. High capacity factors are the consequence of 
continuous operation without any other dose causing shutdowns than 
refuelling shutdown. 

High integrity of uranium fuel helps to minimize contamina
tion on surfaces of primary systems which also indirectly 
decreases occupational exposure. During the whole operational 
history of TVO there have in total been just four leaking fuel 
pins. All defective fuel pins have been removed from the core 
during the next refuelling period without any significant effect 
on the length of refuelling shutdowns. Jodine-131 concentration of 
reactor coolant is normally in order of 50-100 Bq/1 (1,4-2,7x1o-3 
rci/1). 
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HYBRID LOG-NORMAL ANALYSIS OF WORKER DOSES IN SPECIAL JOBS 
AT RESEARCH REACTORS JRR-2 AND JRR-3 

S. Kumazawa, K. Matsushita, H. Yamamoto and T. Numakunai 
Dept. of Health Physics, Japan Atomic Energy Research Institute 

Tokai-Mura, Naka-Gun, Ibaraki-Ken, 319-11 JAPAN 

INTRODUCTION 

The reduction effort proportionate to the magnitude of doses to 
workers is theoretically proved to result in the hybrid log-normal 
(HLN) type of dose distribution (1,2). The HLN distribution was 
applied to the analysis of distributions of worker doses in the United 
States(3). It showed that the shape of nationwide dose distributions 
by industry category changes from the lognormal (LN) to the normal via 
the HLN distribution according to the degree of exposure reduction. 

This paper presents some properties of job-specific dose 
distributions rather than nationwide ones by using the HLN analysis. 

HYBRID LOG-NORMAL DISTRIBUTION 

The hybrid log-normal distribution is applied to the distribution 
of doses X so that Y=lnpX +pX ( p )0) is normally distributed with 
parameters (p ,u2 ). The HLN distribution function, Q (x), is given by 

Q (x) = f x--1- (.!. +p) exp(- {lnp~::~-p }
2 

) dx 
0

12iiu x 
(1) 

The HLN distribution is derived from a stochastic process of reducing 
dose accumulation as shown in Fig. 1. The dose ~xj at the j-th step is 
proportional to the previous amount X;_ 1 and the feedback mechanism to 
reduce ~X; controls the factor fJ so as to decrease it based on the 
magnitude of ~X;: fJ varies randomly depending on a role and behavior 
of workers at workplace in terms of dose rate and working time. The 
sum of f• over n hypothetical steps in a fixed working period is 

n 
1: fJ 

j=1 

n l PX n 1 pX n 

= 1: ( -- + p ) ~x j = f ( t + 1) dt = [ lnt + t] 
j = 1 X; - 1 pX 0 PX o 

(2) 

According to the central limiting theory, as the standardized sum of 
f• will be normally distributed when n-+oo, lnPXn+PXn will be normally 
distributed (2). This HLN genesis theory implies that the HLN type 
dose distribution will approach the LN for workers weakly controlled 
to reduce dose (p -+0) and approach the normal for those strongly 
controlled ( p -+ oo) as shown in Fig. 2. 

APPLICATION METHOD 

The HLN probability plot is used to interpret the effect of dose 
reduction on worker dose distribution. The LN probability plot uses a 
log scale of X on probability paper. Analogously the HLN probability 
plot uses a hybrid scale of dimensionless dose (t=pX) multiplied by p 
which means the degree of dose reduction per unit dose according 
to dose limitation. The hybrid scale is a function defined by lnt+t ( 
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see in Fig.2). It approaches a log scale fort< 1 and a linear scale 
for t> 1. Thus HLN probability paper is similar to LN probability 
paper· for t< 1 and to normal one for t> 1. 

The data used were obtained in a five-month series of works of 
repairing primary coolant valves at JRR-2 and in one year series of 
works of removing primary coolant equipments in the remodelling of 
JRR-3, as shown in Table 1. The radiation works had been well planned 
and prepared for a resonable goal of balancing the completion of 
radiation jobs and the reduction of worker doses. 

RESULTS AND DISCUSSION 

Minimum and maximum exposure rates of each of 74 working days at 
workplace of JRR-2 are plotted on HLN probability paper in Fig. 3, 
respectively as graphs A and B located in the region of t< 1. Their 
lognormality implies no effort of reducing high exposure rate day by 
day. However as the daily worker doses give the graph C extending t> 
1 in Fig. 3, that hybrid lognormality implies an effective effort 
proportionate to the magnitude of dose to reduce the frequency of 
worker doses approaching the control level of 0.5 mSv/day. Besides as 
cumulative doses of 13 workers give the graph D located in the region 
of t} 1 in Fig. 3, it implies a strong effort of reducing doses not to 
approach the control level of 4 (later 5.5) mSv. Thus it suggests 
that job-specific efforts of dose reduction lead to the HLN 
distribution of doses to workers at workplace with the LN distribution 
of exposure rates. 

Daily and cumulative doses to 78 workers at various workplaces of 
JRR-3 show parallel rows of plots extending from t< 1 to t> 1 on HLN 
probability paper in Fig.4 (a). Their hybrid lognormality reflects a 
wide variety of doses and implies an explicit effort of dose reduction 
proportionate to the magnitude of dose approaching the control level 
of 1 mSv a day or 0.5~ 10 mSv in the whole period. Fig.4 (b) shows 
HLN probability plots of four groups of daily doses according to the 
range of control levels of dose accumulation applied to workers. The 
degree of graphs extending to t> 1 implies the stronger effect on dose 
reduction due to the higher control level of dose accumulation, except 
the group of technical supervisors(£) who probably took the strong 
self-control over the whole working period below the control level 
from 2.5 to 5 mSv. Another grouping of daily dose distribution, by 
period, exposure rate and sub-job, was also proved to be similar HLN 
effects on dose reduction. 

CONCLUSION 

The job-specific dose distribution as well as the nationwide dose 
distribution seems to be hybrid lognormality. The HLN probability 
plot depicts the effect of dose reduction according to the magnitude 
of doses approaching the control levels set for individual jobs. 
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Table I Radiation works at the research reactors to be analyzed 

Reactor JRR-2 JRR-3 

Job repairing primary coolant removing primary coolant 
valves equipments 

Period May, 1980~ Sept., 1980 Aug., 1985~ Mar., 1986 

Number of 13 workers 78 workers 
workers about 7 workers/day about 50 workers/day 

total 470 worker• days total 8000 worker· days 

Control 0.5 mSv/day 1 mSv/day 
level 4 (later 5. 5) mSv/man o. s~ 1 o mSv/man 

200 man·mSv 

Resultant average 3. 5 mSv average 15 mSv 
dose total 46 man•mSv total 116 man·mSv 

0 I I I I I I I 

99.99 r- c 
99.9 ,.... 

~ : . I;'' . . -

o Daily Dose 

•Cumulative Dose 

5 
I 

10 
Dose Multiplied by p, t= PX 

(a) 

15 

A 

99 f- ~~·········· 
90 f-

Q 

50 ~ Control 
Level 0 

CmSvl cmsv-1) 

o o~ 2.5 20 

10 ~ .6.2.5~ 5.0 100 
o s.o~ 7.5 6 
• 7.5-v 10.0 7 

1 L I I I I I I 
1010-~0-1 1 5 10 15 20 

Dose Multiplied by P, t=PX 

(b) 

Fig.4 HLN probability plots of daily and cumulative doses at JRR-3: 
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ELECTROMAGNETIC ENERGY DEPOSITION AND MODELS 
OF HUMAN THERMOREGULATION 

Jan A.J. Stolwijik 
John B. Pierce Foundation Laboratory and 
Dept. of Epidemiology and Public Health 
Yale University, School of Medicine, USA 

ABSTRACT 

Thermal energy deposid.on in t:issue is one of t:he import:ant: and perhaps 
t:he most: imporcant: consequence of exposure t:o elect:romagnet:ic fields. As 
our insight:s advance so does che recognit:ion t:hat: bot:h the deposit:ion of 
radiofrequency energy and t:he result:ing rise in t:issue t:emperat:ure is 
sufficient:ly inhomogeneous co warrant: special concern. Measurement: of 
local deposit:ion and of result:ing t:issue t:emperat:ure is bot:h t:echnically 
difficult:, and severeiy invasive. As a result t:here has been an increasing 
reliance on mat:hemat:ical simulat:ion models to evaluat:e bot:h t:he 
different:ial deposit:ion and t:he local temperacure rises which can result:. 
Given t:he cont:roversial nat:ure of t:he int:eract:ion bet:ween non-ionizing 
radiat:ion and human t:issue it: is import:ant: t:o recognize t:he limit:at:ions of 
such modeling effort:s, especially in t:he absence of experiment:al 
validat:ion of any of t:he predict:ions made. Specific considerat:ions are: 
1. The more det:ailed t:he model t:he less confidence one should have in 

unvalidat:ed predict:ions. 
2. The more det:ailed t:he model t:he higher t:he highest: predict:ed local 

t:emperat:ure will be. 
3. The models are usually t:he product: of a group which has recognized 

expert:ise in eit:her elect:romagnet:ic energy absorpcion or in biot:hermal 
modeling, but: not: in bot:h. 

4. The models and t:heir predict::i.ons are usually reviewed before 
publicat:ion by one of t:he t:wo disciplines, buc not: by bot:h. As a resulc 
claims or implicat:ions of val:i.d:i.t:y of t:he predict:ions are not: properly 
reviewed. 

5. Given ehe conr.roversy surrounding t.he issue improperly reviewed 
publicat:ions are likely t:o be given more weight: t:han they deserve. 
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CONSIDERATIONS INVOLVED IN THE SPECIFIATION OF LIMITS 
ON HUMAN EXPOSURE TO ELECTRIC AND MAGNETIC FIELDS AT 

FREQUENCIES BELOW 300 GHz 

J.A. Dennis 
National Radiological Protection Board 

Chilton, Didcot, Oxfordshire, OXll ORO, UK 

ABSTRACT 

In 1982 and again in 1986 the National Radiological Protection 
Board of the UK issued consultative documents containing proposals for 
advice that it might give on limiting the exposures of workers and 
members of the general public to electromagnetic fields with frequen
cies below 300 GHz. At frequencies below a few hundred kilohertz these 
were based on limiting the electric currents and current densities in 
the body, and above these frequencies on limitation on the power 
absorbtion in the body. The considerations underlying the proposals 
will be described and the responses received during the consultation 
process. The points at issue are the specification of acute effects 
which may reasonably be regarded as hazardous and the determination of 
thresholds for these effects, the determination of the thresholds for 
harm to the developing fetus, and whether there are any long term 
effects, in particular cancer induction or promotion from exposures to 
electromagnetic fields of low intensity. The nature of experiments 
needed to address these issues will be outlined. 
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TIME VARYING ~ffiGNETIC FIELDS AND 
DOSIMETRIC PRINCIPLES 

Jurgen H. Bernhardt 
Institute for Radiation Hygiene 

Federal Health Office 
D 8042 Munchen-Neuherberg 

INTRODUCTION AND BASIC PRINCIPLES 

In a broad sense, the term "dosimetry" is used to quantify an exposure to 
radiation. Quantitative descriptions of an exposure for the purpose of for
mulating protection standards and exposure limits require the use of adequate 
quantities. "Adequate" means that the quantities should represent, as well as 
possible, those physical processes which are closely linked to the biological 
effects of the fields. 

From the analysis of established mechanisms it can be concluded that for 
time-varying magnetic fields the induction is predominant. The appropriate 
dosimetric quantity which represents the physical processes that are closely 
linked to the biological effects of time-varying magnetic fields is the induced 
electric field strength at the cellular level in the living tissue or - con
nected with the specific conductivity of the medium - the induced eddy current 
density (Bernhardt, 1979, 1985). By comparing the current densities, it may be 
possible to predict effects in human beings from those found in studies on 
animals and isolated cells. In this context, it is irrelevant whether the cur
rent density surrounding a cell is introduced into the body through electrodes 
or induced in the body by external magnetic fields. However, the current paths 
within the body may be different. The evaluation of human exposure using cur
rent densities is based primarily on a concept of "dose" to the critical 
organs. Basic protection limits can be expressed in permissible current den
sities; derived protection limits can be expressed as exposures to external 
magnetic fields. To fully assess the data obtained in bioeffects research, 
exposure conditions must be well controlled and measured. In this case, the 
"dosimetry" in bioeffects research with magnetic fields is very complex, since 
all relevant factors must be taken into account. Factors affecting interaction 
of magnetic fields are (UNEP 87) : 

Parameters of the magnetic field source (frequency, modulation (pulse, AM, 
FM), rise and decay times (dB/dt), polarisation, field strength, field 
pattern (uniformity), surrounding material properties); 
Parameters related to exposure (tissue properties (conductivity, aniso
tropy, permeability), size, geometry, orientation relative to polari
zation, mode of exposure (partial; whole body}); 
extraneous factors (metal implants (ferromagnetic), metal objects in the 
field, drugs (medications), chemical pollutants). 

INDUCED ELECTRIC FIELDS AND CURRENT DENSITIES; RESPONSE OF BIOLOGICAL SYSTEMS 

In accordance with Faraday's law, magnetic fields that vary in time will 
induce potentials and circulating currents in biological systems: 

J 0 E 
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where 
J 

E 
r 

~B 
dt 

current density (A/m 2 ), 

induced electric field strength (V/m), 
radius of the loop (m) , 
tissue conductivity (S/m), 
rate of change of magnetic flux density B (T/s). 

J 
For sinusoidal fields of frequency f the equation reduces to 

TI ro f B
0

, where B
0 

is the magnetic field amplitude. 

Thus, the magnitude of the induced electric fields and current densities 
is proportional to the radius of the loop, the tissue conductivity and rat.e of 
change of magnetic flux density. The dependence of the induced field and cur
rent on the radius of the loop through which magnetic flux linkage occurs is an 
important consideration for biological systems. The magnetically-induced elec
tric field strengths and corresponding current density are greatest at the 
periphery of the body where the conducting paths are longest, whereas micro
scopic current loops anywhere within the body would have extremely small cur
rent densities. The magnitude of the current density is also influenced by 
tissue conductivity where the exact paths of the current flow depend in a com
plicated way on the conducting properties of the various tissues. Different 
authors give different values for the low-frequency conductivity, e.g., for the 
myocardial tissue and the nerve tissue (white and grey cerebral substance) . 
Additionally, high ratios of the transverse to longitudinal impedance up to 7:1 
were observed. The anisotropy of tissue conductivity makes the applicability of 
phantom techniques using isotropic tissue substitutes questionable. It should 
be remembered that the current tends to follow routes of least resistance and 
that the exact current paths of the magnetically induced currents and the exact 
magnitudes of the current densities are not known and that only rough 
approximations can be made. 

An important factor to be considered in the response of biological systems 
to the time-varying magnetic field is the waveform. Hany different types of 
magnetic field waveform are used in practice, including sinusoidal, square
wave, saw tooth, and pulsed fields. For these fields, the two parameters of key 
importance are the rise and decay times of the signal, which determine the 
maximum time rates of change of the field (dB/dt) and hence the maximum instan
taneous current densities induced in tissues. Rms values are often used in the 
context of electric current effects to give an "effective" value for a variety 
of waveforms. The peak instantaneous field strengths appear to be important for 
nerve and muscle cell stimulation, or for perturbing cell functions. The ef
fects strongly depend on the frequency. 

A potentially important target of ELF magnetic field interactions is the 
nervous system. From a consideration of the naturally occurring fields in the 
central nervous system, it can be concluded that magnetic fields in the 1-100 
Hz frequency range, which can induce current densities in tissue of approxi
mately 1 mA/m 2 or smaller, should not have a direct effect on the brain's 
electrical activity (Bernhardt, 1979). Induced fields sufficient to exceed a 
threshold depolarisation value can result in an action potential. These effects 
are well understood. ELF magnetic fields inducing such large depolarisations 
may result in nerve stimulation or muscle contraction, or even in fibrillation. 
ELF magnetic fields inducing weak electric fields may also interact with, or 
modulate, nervous system activity in a manner less well understood, resulting 
in changes in electrical excitability. Such interactions may be involved in, 
for example, magneto-phosphenes. These interactions show frequency threshold 
characteristics of nervous tissue, and have been documented (Bernhardt 1979, 
1985). With regard to "hazardous values" and the upper linit of the field 
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strength that leads to injury, the ultimate criterion for the definition of 
injury may be the initiation of heart fibrillation. The thre£hold for extra
systole induction at 60 Hz is estimated to be above 300 mT for stimulation 
times of 1 second or longer, and the threshold for ventricular fibrillation is 
higher by a factor of 3 - 5 (Bernhardt, 1985) • For shorter exposure times, 
higher field strengths are necessary to produce similar biological effects. 

CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 

As stated above, it is difficult to correlate external magnetic field 
strengths with induced tissue current densities. However, using "worst case" 
assumptions, an estimate of the order of magnitude for 11 safe" and 11 dangPrnn~ 11 

magnetic field strengths and their frequency dependence can be made, especially 
for the critical organs brain and heart (Bernhardt, 1985). 

The table summarizes induced current density ranges between 3 and 300 Hz for 
producing biological effects (UNEP, 87) and values for the magnetic flux den
sity for inducing approximately these current densities at 50 or 60 Hz 

Current density 
mA/m 2 

> 1000 

100 - 1000 

10 - 100 

1 - 10 

< 1 

Effects Magnetic flux density 
mT 

extra systoles and ventricular 
fibrillation possible; 
definite health hazards 

Changes in central nervous system 
excitability established; 
range, where stimulation of excitable 
tissue is observed; 
possible health hazards. 

well established effects, evident visual 
(magnetophosphenes) and possible nervous 
system effects; induction of bone 
reunion reported 

minor biological effects reported 

absence of well established effects 

> 500 

50 - 500 

5 - 50 

0.5 - 5 

< 0.5 

More experimental data are necessary, which include 
the influence of the anisotropy and of inhomogeneities of the tissue con
ductivity on the induced current densities; 
influences of field gradients on the induced current densities in homoge
neous and inhomogeneous tissues; 
specification of the "worst case" conditions and which current densities 
and current loops are maximally possible; 
the frequency dependence of threshold values for current densities which 
produce significant biological effects; 
threshold for modulation of nervous systems activity and excitation thres
holds especially for single unidirectional puJses or pulse sequences and 
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connection between the duration of pulses and the rates of change of the 
magnetic flux density. 

On the other hand, several recent epidemiological reports suggest an asso
ciation of exposure to very weak magnetic field with an increase of the inci
dence of cancer among children, adults and occupational groups. These corre
lations cannot be explained by the present knowledge for interaction mechanisms 
of magnetic fields. Because up to now the available data are inadequate to 
conclude that magnetic field exposure alone is the reason for the observed 
cancerogenic effects there must be considerable further study before these 
reports can be accepted. Similar conclusions can be performed with regard to 
reports describing teratogenic effects of pulsed magnetic fields on chicken 
embryos or describing an increase in external malformations among mice exposed 
to weak pulsed magnetic fields. Although other groups found similar results we 
are far away from understanding these effects especially the causal relation
ship with the exposure to magnetic fields. 
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RADIOFREQUENCY POWER DEPOSITION DURING MAGNETIC RESONANCE 
DIAGNOSTIC EXAMINATIONS 

M.Grandolfo<•>, and P.Vecchia 
Physics Laboratory, National Institute of Health, Rome, Italy 

INTRODUCTION 

Magnetic Resonance Imaging and Spectroscopy (MRI, MRS) require 
that subjects be exposed to a radiofrequency field, and the corre
sponding energy absorption leads to tissue heating. The main ques
tion, thus, to be considered in connection to safety and health 
aspects is related to the specific absorption rate (SAR) in the im
aged subject and the exposure durations which might put a practical 
limit on the pulse sequence which can be used (1). 

This explains why current safety regulations applying to MRI 
and MRS examinations give information on levels of exposure to 
radiofrequency electromagnetic fields associated with these diag
nostic procedures (2). In particular, IRPA/INIRC is issuing guide
lines giving some guidance on the magnitude of temperature 
increases at which no adverse health effects are expected and on 
the corresponding acceptable cumulative exposure (SAR times Expo
sure duration). 

In this paper some models and experimental results for 
radiofrequency power deposition in MRI and MRS machines are re
viewed. Models show that energy dissipation is a function of the 
frequency, RF incident power density, exposure duration, coupling 
between the RF coil and the subject, and several properties of the 
exposed tissue, including conductivity, dielectric constant, spe
cific gravity, size, and orientation relative to the field 
polarization. The ability of the body's normal thermoregulatory 
responses to cope with high levels of RF energy deposition must be 
also taken into account (3). 

THEORY 

Simple theoretical estimates of the average, maximum, and spa
tial variation of the radiofrequency power deposition in terms of 
SAR during proton nuclear magnetic resonance imaging have been re
cently deduced for homogeneous spheres and for cylinders of biolog
ical tissues (4-6). Results have been obtained with uniformly 
penetrating linear RF fields directed axially and transverse to the 
cylindrical axis. In the RF frequency range below 100 MHz and under 
the near-field geometric conditions presently used in MRI devices, 
approximately 90% or more of the absorbed energy results from tis
sue currents induced by the magnetic component of the field (7). 
The specific absorption rate is related to the average induced 
electric field, E/12, the tissue conductivity, o , the tissue den-

(o) Member, IRPA International Non Ionizing Radiation Committee 



sity, p , and the duty cycle, D, of the applied RF field by the 
equation: 

( 1) 

The duty cycle D is equal to t/T, where t is the pulse dura
tion and T is the pulse repetition interval. Being the magnetic 
component of the field dominant in the low range of RF frequencies 
used for MRI, the sinusoidal induced electric field for a circular 
loop of tissue of radius R is E = nvRB, in which B is now under
stood to be the amplitude of magnetic component of the RF field 
perpendicular to the plane of the cross-section. In addition, the 
rotating component of the field, B 1 , must satisfy the Larmor res
onance condition. For an arbitrary flip angle, 8 , SAR is given by 
the equation: 

SAR = 4kR2o8 2-v2 
n 2 p tT 

where k is equal to 6.8lxl0- 19 in SI units. 

( 2) 

The SARs predicted by Eq.(2) are plotted for a human torso 
model and for a human head model in Fig.l. The SAR at frequencies 
from 1 to 100 MHz is presented as a double logaritlmic plot with 
tT = t 2 /D as the abscissa. It is evident that the SAR increases as 
the pulse repetition interval (T) decreases andjor the duty cycle 
(D) increases. At 30 MHz the SAR in the torso model equals the av
erage body basal metabolic rate in the resting condition when t 2 /D 
is approximately lo-s s 2 • The quadratic dependence of the SAR on 
the loop radius as shown in Eq.(2) has been confirmed exper
imentally (5). These diagrams provide useful interface between MRI 
and MRS spectrometer operating conditions and safety guidelines for 
RF power deposition. 
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Fig.l - Surface specific absorption rates predicted by Bottomley et 
al (5) for human head and torso models 

A number of numerical techniques have also been developed to 
evaluate SAR in the human body, for which an analytical solution is 
impossible due to the complicate geometry. This techniques are gen-
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erally based on the subdivision of the body, or parts of it, in 
cells small enough to assume that both the field intensity and the 
dielectric properties of the tissue are constant troughout each 
cell. 

This approach in general requires large computer memories and 
long processing time. Recently a method has been developed which 
considerably reduces these requirements. This is based on the mod
eling of portions of the body using an impedance network. The ap
plication of circuit theory allows to determine internal currents, 
and therefore SAR, based on the knowledge of the dielectric con
stant and conductivity of each cell (8-10). The impedance method 
has been successfully applied to the evaluation of power deposition 
in magnetically induced hyperthermia. At present it is being ex
ploited also for the evaluation of SAR in MRI, both in the ideal 
case of uniform magnetic field and in that of field generated by a 
real applicator. 

EXPERIMENTAL DOSIMETRY STUDIES 

Experimental measurements of SAR have been performed using a 
number of techniques, including infrared thermography and direct 
temperature measurements both in living specimens and in phantoms 
filled with saline or tissue-equivalent materials. 

The simplest method to determine the SAR associated with the 
RF fields used in MRI and MRS is to measure the change in the qual
ity factor Q of the coil upon introduction of the specimen. 
Bottomley et al (6) adopted this procedure to compare previous the
oretical estimates with the experimental total power deposited in 
the bodies of nine adult male volunteers. The results for the aver
age power deposition agree within about 20% for the exact model of 
the cylinder with axial field, when applied to the exposed torso 
volume enclosed by the RF coil. The average values predicted by the 
simple spherical and cylindrical models with axial fields, the ex
act cylindrical model with transverse field, and the simple trun
cated cylinder model with transverse field were about two to three 
times that measured, while the simple model consisting of an infi
nitely long cylinder with transverse field gave results about six 
times that measured. 

Recently, Guy and Shuman (11) performed MRI dosimetry studies 
based on infrared thermography using a full scale phantom human 
body and spherical head models. The technique involved the fabri
cation of a phantom model with a synthetic liquid tissue for quan
tifying average SAR and a gel tissue for determining SAR 
distribution within the exposed body. The resulting change in tem
perature is related to the SAR by the known thermal properties of 
the synthetic tissue, and a useful map of the energy deposition 
pattern can be obtained. 

Superficial and deep tissue heating during high specific ab
sorption rate RF irradiation has been measured in dogs to see if 
significant temperature changes could be produced by a clinical MRI 
device operating at 1.5 T (12). Temperature probes were placed in 
the subcutaneous tissues of the dog axilla and groin, in the muscle 
of the neck and thigh, in the liver and mid-peritoneum, and in the 
urinary bladder. Temperatures were recorded before, during, and af-
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ter a 26 minute spin-echo sequence. During RF exposure, in each dog 
all tissues experienced a linear temperature change of several de
grees; maximal average change was 4.6° C in the urinary bladder. 
Deep tissue heating was slightly greater than that of superficial 
tissues. 

CONCLUSIONS 

Many authors have determined, both theoretically and exper
imentally , the RF power deposition within patients and animal mod
els. These studies have shown that SAR levels resulting from human 
exposure to maximum possible MRI and MRS RF magnetic fields can ex
ceed limits currently recommended. 

It appears possible that multi-echo, multi-slice techniques 
may well deposit dangerous amounts of power. According to Gandhi et 
al (10), hot spots can also be expected due to constriction of cur
rent paths associated with some anatomically thin regions not insu
lated from large current paths. 

The main conclusion is that when imaging infants, cardiac com
promised patients, and patients with altered thermoregulation, par
ticular attention should be paid to SAR. In addition, relatively 
low room temperature and humidity should be maintained along with 
good airflow through the magnet bore (8). 
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SAFETY OF THE PATIENT DURING IN VIVO MAGNETIC RESONANCE 
EXAMINATIONS. RATIONALE FOR THE INIRC/IRPA GUIDELINE. 

Przemyslaw Czerski 
Member IRPA/INIRC. center for Devices and Radiological Health, 

Food and Drug Administration, Rockville, MD 20857, USA 

IRPA/INIRC is developing guidelines on safety of in 
vivo magnetic resonance (MR) diagnostic examinations,imaging 
(MRI) or spectroscopy (MRS), which involve exposure of the 
patient to static (SMF) and switched gradient (time-varying) 
magnetic fields (TMF), and radio frequency (RF) fields. The 
aim of this paper is to relate mechanisms of interactions, 
clinical endpoints and exposure conditions to safety concerns. 
Simplifications were made; more information can be found in 
Blank and Findl (1987), Tenforde and Budinger (1987), WHO-UNEP
IRPA (1987); quantities and units are defined in IRPA (1985). 
CUrrent MR devices use SMF of 0.5 to 1.5 T, a few up to 5 T. 
TMF range from 1 to 10 mT with complex wave forms at frequencies 
from below 300 Hz up to a few kHz, and a time rate of change in 
magnetic flux density (dBjdt) up to 6 Tjs. RF exposures occurr 
mostly in the frequency range from 4 to 200 MHz and result usually 
in a specific absorption rate (SAR) below 0.4 Wjkg, examinations 
at higher SARs were also performed. MR examinations can be comp
leted under one hour, and may be repeated a few times over the 
patient's lifetime. The considerations below refer only to such 
conditions, and do not apply to occupational or public exposure. 

3 classes of interactions of SMF with living systems can 
be distinguished: 1. electro-, and magnetohydrodynamic, 2.mag
netomechanical, 3. at the atomic and nuclear levels. Electro
dynamic phenomena consist in the interaction of steady ionic 
currents with applied SMF according to Lorentz's force law. An 
electric (E) field is induced when an electrolyte flows 
through an insulated channel (eg. blood in a blood vessel), or 
a container filled with electrolyte (body, or body part) moves 
in the presence of SMF. The magnitude of induced potentials 
depends on the diameter of the vessel (size of container), flow 
(movement) velocity, the orientation and strenght of SMF. These 
also can deflect ionic currents within cells, and, in particular, 
conduction currents in excitable membranes of nerve and muscle 
cells. Magnetically induced potentials lead to changes in ECG 
at 0.1 T which increase with SMF strenght. Concerns were raised 
that at 2 . 5 T in adult heal thy humans E field may reach depo
larization potential for heart fibers, other calculations indicate 
that 10 T are still below fibrillation response levels. These 
are not known for patients with altered heart conduction because 
of disease or medication. Experiments on isolated neurons did 
not reveal any effects on conduction at 2 T, theoretical esti
mates indicate that 24 T are needed to deflect conduction 
currents. However, fields below 2 T may affect impulse propa
gation in asymmetric conductor loops, which may explain observed 
transient effects on acoustic induced potentials in the brain. 



Theoretically, 10 T may restrict ion transport through the cell 
membrane. Magnetohydrodynamic effects consist in retardation of 
axial velocity of an electrolyte solution flowing through SMF. 
This leads to an increase in arterial blood pressure. Negligible 
hemodynamic perturbations are expected below 2 T, a 7% reduction 
of aortic flow velocity is expected in an adult human at 5 T. 
Magnetomechanical interactions do not play a role in biological 
mechanisms of concern, constitute however, the basis for the most 
hazardous aspect of MR: effects on ferromagnetic inclusions in 
the body and attraction of metallic objects by the magnet (see 
below). Interactions at the atomic and nuclear levels lead to 
interference with biochemical reactions, particularly those, which 
involve electron transfer processes via radical pair inter
mediates. Under MR examination conditions this mechanism is 
of little concern. 

TMF induce potentials and circulating currents in accord 
with Faraday's law, i.e. effects can be discussed in terms of 
E field strengths and current densities (J). Their magnitude 
increases with the radius of the inductive loop and dB/dt. At low 
frequencies the interior of the cell is shielded, and the most 
likely site of interaction is the cell membrane. Many cell 
functions are affected even at low E and J values. Under MR 
examination conditions effects on the heart conduction system, 
muscle and nerve cells (electrical neuromuscular stimulation) are 
of concern. Thresholds for effects depend upon electrical and 
electrophysiological properties of tissues, and are frequency and 
waveform dependent. For MR TMF exposure conditions a general 
statement can be made that at J between 0.1 and 1.0 A/m2 changes 
in the bioelectrical activity of the brain may occur, the thres
hold for sensory stimulation lying somewhere in this range. At J 
above 1 A/m2 immediate health hazards exist, associated with the 
increasing possibility of inducing cardiac fibrillation ( most 
quoted threshold 3 A/m2, possibly lower in pathologic states) and 
continous (tetanic) muscle contractions. The most widely known 
effect of TMF exposure, magnetophoshenes, i.e. sensation of light 
flashes perceived during exposure of the head, is unlikely to 
occur under MR examination conditions. 

Several mechanisms have been proposed for the interaction of 
RF fields, an established and noncontroversial one is dielectric 
heating. There is a wide concensus that exposure limits at 
frequencies above 100 kHz have to be established primarily from 
thermal considerations. Physiological considerations indicate 
that an increase of 1°C in core temperature does not pose immedia
te health hazards to individuals with an unimpaired blood flow 
from the core to the skin, and normal evaporative heat loss 
through respiration and sweating. The increase in temperature 
during MR examination depends on RF energy depositon and the rate 
of heat loss. Nonuniformity of RF energy absorption in the human 
body may lead to an elevation of temperature over a limited volume 
(hot spot) not accompanied by an increase in core temperature. 

The above mechanistic considerations supported by a large 
body of experimental data allow one to identify the cardiovascu
lar, the central and the peripheral nervous systems as critical 
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ones for immediate adverse reactions due to SMF and TMF interac
tions. Tolerance to RF exposure is dependent upon the function of 
the cardiovascular and respiratory systems in thermoregulatory 
responses induced by systemic heating. Another limiting factor is 
the possibility of focal thermal injury due to RF hot spots. Thus 
physiological considerations seem to be suitable primary criteria 
for the evaluation of MR exposure conditions, from which secondary 
criteria in terms of physical parameters of exposure fields may be 
derived. IRPA/INIRC proposed the following guidelines for the 
assesment of MR safety: 

SMF: No adverse effects have been observed nor are expected 
from exposures of the head andjor trunk to 2 T, or of the limbs to 
5 T. Exposures of the head and trunk above 2 T require an 
assesment of the potential risk vs the likely benefit. Whole body 
exposures over 5 T may pose hazards for poeple with cardio
vascular disease. Monitoring of cardiovascular function must be 
undertaken whenever exposures above 2 T occur. All exposures must 
be limited to fields below 10 T. 

TMF: No adverse effects are expected when the dBjdt in the 
region occupied by the head or trunk does not exceed 3 Tjs for the 
duration of change in magnetic flux density longer than 10 ms. For 
shorter periods dBjdt may be increased, provided that the product 
of (dB/dt) 2 and the duration of the change of magnetic flux 
density in seconds is less than 0.09. In the region occupied by 
the limbs dB/dt should not exceed twice the above values. 

These values incorporate a safety factor of about 100 in 
respect to cardiac fibrillation threshold, and an even larger one 
in respect to peripheral neuromuscular stimulation. In the U.K. 
(NRPB, 1983) and the u.s. (Czerski and Athey, 1987) 20 Tjs were 
indentified as a level at which no adverse effects are expected. 
At this level the safety factor for neuromuscular stimulation is 
about 3, and about 10 for cardiac fibrillation. 

RF: For whole body or head and trunk exposures no adverse 
effects are expected if the increase in body temperature does not 
exceed 1°C, except for infants, pregnant women, and persons with 
cardiovascular deficits, in whom it is desirable to limit tempe
rature increases to 0.5°C. IRPA/INIRC derived SARs for exposures 
of the head (4 W/kg limited to 60 Wminjkg), trunk (8 Wjkg limited 
to 120 Wminjkg) and extremities (12Wjkg limited to 180 Wminjkg) at 
which temperature increases remain below these values. However, 
users of MR devices usually do not have the resources to determine 
RF energy deposition. Reliable and detailed data have to be 
obtained from the manufacturer. 

A special case is the the examination during pregnancy and 
early childhood. MR in vivo studies of the fetus, pregnant women, 
newborn and infants should be limited to cases where direct bene
fit tothe patient will be derived in terms of diagnostic informa
tion not obtainable by alternate methods. The fetus may be sensi
tive to RF and magneetic fields. MRI is not not likely to provide 
useful information, so that examination of pregnant women during 
the 1st trimester should be justified by benefits to the mother. 
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Exposure durations should reduced to mininum, and RF energy depo
sition should be kept at levels which minimize temperature increa
ses, which should not exceed 0.5°C. 

Because of magnetic or RF interference examination of persons 
who have electrically, magnetically or mechanically activated im
plants (eg cardiac pacemakers) or rely on life support systems is 
contraindicated. Patientss with ferromagnetic aneurysm clips or 
metallic implants (eg intrauterine contraceptive devices, large 
hip prostheses) are also contraindicated. 

A important aspect of MR safety are ancillary (collision and 
electromagnetic interference) hazards. The field near the magnet 
may be strong enough to pull ferromagnetic objects along the axis 
of the field. Thus, metallic objects can become dangerous projec
tiles. Various medical and non-medical equipment and magnetic 
data carriers may be affected. The extent of zones in which such 
hazards exist should be established, and warning signs posted. In 
view of such problems institution of resuscitation and intensive 
care of the patient in the examination room is impracticable. 
Proper emergency procedures should be developed. 

REFERENCES: 1. Blank M., Findl E. (eds), 1987: Mechanistic 
Approaches to Interactions of Electric and Electromagnetic Fields 
with Living Systems. Plenum, New York,1987. 2. Czerski P., Athey 
T.W., 1987: Safety of Magnetic Resonance in vivo Diagnostic Exami
nations. US FDA Docket # 87P-0014, Washinton. 3.IRPA, 1985: 
Health Phys. 49:1329-1362. 4. NRPB, 1983: Br.J.Radiol.56:974-977. 
5. Tenforde T.S., Budinger T.F.1986: in Thomas S.R., Dickson R.L.: 
NMR in Medicine: the Instrumentation and Clinical Applications. 
Am. Inst. of Physics, New York. pp.493-548. 6. WHO-UNEP-IRPA, 
1987: Environmental Health Criteria 69: Magnetic Fields. WHO, 
Geneva. 
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THE MEASUREMENT OF BODY CURRENTS INDUCED BY 
RADIO FREQUENCY FIELDS 

S.G. Allen, R.P. Blackwell, C. Unsworth and J.A. Dennis 
National Radiological Protection Board, Northern Centre 

Hospital Lane, Cookridge, Leeds, LS166RW, UK 

ABSTRACT 

At frequencies below about 100 MRz proposals for the limitation of 
exposures to electromagnetic fields proposed by the National 
Radiological Protection Board are based on a mixture of considerations 
limiting both electric current densities in the body, currents in the 
arms and legs and specific absorption rates. One effect of these 
proposals is to require the limitation of currents in the legs to about 
100 mA. To give practical eff~ct to the proposed exposure limitations 
it was necessary to measure these currents under realistic exposure 
conditions using various measurement techniques. The results of the 
measurements carried out in the vicinity of HF radio tr&nsmitters and 
industrial RF heat sealing equipment are discussed. 
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A SURFACE ACOUSTIC WAVE ELECTRIC FIELD STRENGTH METER FOR 
ENVIRONMENTAL STUDIES OF HV TRANSMISSION LINES 

M.Grandolfo<o>, and C.Ranghiasci 
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Dipart. di Medicina Interna, Universita' "Tor Vergata", Rome, Italy 

and 
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INTRODUCTION 

In recent years, there has been a significant increase in con
cern over the health and safety aspects of high voltage trans
mission lines (HVTL). The majority of research has focused on 
effects directly or indirectly involved with the central nervous 
system, including physiological, ultrastructural, and biochemical 
alterations, changes in blood composition , behaviour, reprod
uction, and development (1). Several recent epidemiological re
ports have presented preliminary data suggesting an increase in the 
incidence of cancer among children and adults exposed to magnetic 
fields through living close to various types of electrical power 
lines or devices (2). 

With the increase in environmental concerns there has been a 
concomitant consideration of biological effects and health impli
cations relative to presently existing HVTL and those planned in 
the future. It was concluded that the electric and magnetic field 
strengths and the electrical discharges are the most important 
electrophysical factors. Thus, it has been deemed necessary to de
velop measuring means to determine the field strengths in areas 
surrounding electric installations, in particular at ground level. 

In the present paper an electric field meter, based on the use 
of a surface acoustic wave (SAW) delay line, is presented and the 
experimental results obtained are discussed. 

PRINCIPLES OF OPERATION 

The electric field strength meter here analyzed is based on 
the use of a surface acoustic wave voltage sensor (3,4). Asche
matic diagram of the SAW voltage sensor is shown in Fig. 1. 

(o) Member, IRPA International Non Ionizing Radiation Committee 
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Piezoelectric 
substrate 

Surface acoustic 
waves <SAWl 

Fig.1 - Schematic diagram of the 
SAW ac voltage sensor 
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H L-==!====.., 
Output 
signal 

Fig.2 - Schematic diagram of the 
SAW E-field meter 

It consists of a SAW delay line implemented on a higly 
piezoelectric substrate. Surface acoustic waves are generated and 
detected by interdigital transducers (IDT) and the acoustic propa
gation path is covered with a thin film electrode connected to the 
ground. Ground potential is also the average potential of IDTs. The 
voltage to be measured is applied to the field electrode deposited 
on the opposite surface of the substrate, and gives rise to an 
electric field in the substrate. This, in turn, produces a change 
in the acoustic propagation velocity through the nonlinear 
electroelastic effect. 

Any change in the acoustic propagation velocity can be de
tected by monitoring the oscillation frequency of the acoustic de
lay line when connected to an amplifier to configure a SAW 
controlled oscillator. 

The device is suitable for the measurement of ac voltages, 
provided that the time delay of the acoustic line is small if com
pared to the period of the ac voltage (5). In this case, the output 
of the device is frequency modulated by the applied voltage, and 
the voltage sensor can be employed for the detection of electric 
fields when connected to a proper coupling structure, as shown in 
Fig. 2. 

EXPERIMENTAL RESULTS 

Experiments were performed on a SAW voltage sensor made on a Y 
cut, X propagation LiNb0 3 substrate. The interdigital trans
ducers consist of 10 finger pairs with a spatial periodicity equal 
to 35.2 ~m. The distance between the transducers is 10.5 mm and the 
aperture of the acoustic beam is 2 mm. The device was operated both 
at the fundamental frequency of 106.45 MHz and at the 7th harmonic 
(745.15 MHz). Thickness of the LiNb0 3 substrate is 1 mm and the 
impedance of the electrical input is a capacitance of 25 pF. 

The ac electric field probe was tested by applying 50 Hz 
sinusoidal voltages directly to the piezoelectric substrate. As a 
first step, the amplitude of the unmodulated carrier wave was de
termined; the frequency changes versus biasing voltages up to 1.4 
kV were then measured. Applied voltages corresponded to internal 
electric field strengths up to 1.4 MV/m, being the thickness of the 
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substrate equal to 1 mm. Measurements were carried out both at the 
fundamental frequency of the probe and at the 7th overtone. A 
fairly linear relationship of the frequency modulation ~f versus 
the applied voltage has been found for both frequencies, as it is 
shown in Fig. 3. As it can be expected, sensivities at the two fre
quencies are in the ratio 1:7, suggesting the use of piezoelectric 
substrates oscillating at higher frequencies to enhance sensitiv
ity. 

.!< 70 - .··" .. 
~BOi 

' 
yx LiNb03 ... ·· 

~u~ 
,12 

yx - LiNb03 ..•... ··········· ... ./'""' t7 
~60 
'l ,.d····· 

~50 .. 
0 p· 

.. 

~-~o .. · .... ··· 
:; .. " "'g30 .. · 
::0 .. ·· 
:.,20 .. o· 

.. 
() ... ·· .. 5to •••• a·' 
:l 
0" 

" 0 ... .... 0 200 400 600 800 1000 1200 
Applied Voltage 

Fig.3 - Frequency modulation 
sus biasing SO Hz voltages 
the oscillating frequencies 
(•)106.4S MHz and (o)745.1S 

HOD 

I v 

ver
for 
of 

MHZ 

.. 
""l10 

~ 

:3 ' • ;; ' "0 
0 

::0 • >, 
() 

~ 2 
~ 

:l 
0" 

" ... 0 
c.. 0 5 8 7 8 D 10 

Electric Field I kV lm 

Fig.4 - Response of the meter for 
the different coupling structures 
(*S=100 cm 2 ,H=17.4 cm;•S=100 cm 2

, 

H=20.7 em; oS=219 cm 2
, H=16.9 em) 

To usefully employ the piezoelectric sensor for measuring SO 
Hz electric field strengths under transmission lines, a proper cou
pling structure must be provided. Following the analysis of Deno 
and Zaffanella (6), a simple conducting square plate was chosen and 
electrically connected to the measuring electrodes in such a way as 
to have the highest capacity to ground. Three plates were tested, 
differing for the values of the surface, S, and the height, H, with 
respect to the piezoelectric substrate. For the calibration of 
this ground-reference-type field meter, a quasi-uniform electric 
field of known field strength was produced by a two parallel plates 
system (7). In Fig.4 the frequency modulation ~f versus the ex
ternal electric field strength for the three experimental arrange
ments are shown. Experimental results are shown up to an electric 
field strength of 10 kV/m, but the linear region extends up to SO 
kV/m, corresponding to a frequency modulation ~f = 66 kHz. 

CONCLUSIONS 

The time delay of SAWs propagating in a piezoelectric 
substrate is affected by an externally applied extremely low fre
quency (ELF) electric field. The principal source of everyday ex
posure to ELF fields, however, is the ac electric power system 
which operates at SO or 60 Hz, depending upon the country. 

The signal at the output of the SAW oscillator is frequency 
modulated by the applied field, whose amplitude can be simply re
covered by monitoring the modulation index of the signal. 
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The evaluation of the practical accuracy of outdoor measure
ments is in progress. The greatest possible sources of errors are 
difficulty in positioning the meter, reading errors, handle leakage 
in some cases, temperature effects, observer proximity effects and 
difficulty in defining the geometry of the boundary conditions, 
leading to the establishing of the true ground. Mechanical balance 
of the meter movement can also be a source of error. If it is not 
sufficiently well-balanced, the meter should be used in the same 
orientation with respect to the vertical as existed during the cal
ibration procedure. An estimate of the magnitude of this type of 
error can be made by rotating the meter in the absence of an elec
tric field and by observing the corresponding changes of readings. 
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INTRODUCTION 

Dielectric heating is a recognized mechanism for the induction of radiofrequency (RF) 
bioeffects considered to be thermal in origin - that is attributable to temperature increases. 
However, apart from RF-heat cell killing (e.g. Sapareto et al.,1982, Chang et al.,1987) very 
little information is available on quantitative relationships between RF bioeffects at the 
cellular and molecular level and temperature profiles over time or thermal dosage (TD). The 
determination of RF heating/cooling curves can be used to compute the specific absorption 
rate (SAR) and the specific absorption (SA) in an exposed sample (Stuchly and Stuchly, 
1986). Biological variables and exposure conditions can be controlled in experiments with in 
vitro systems to a degree not achievable in vivo. An attractive model to study RF bioeffects 
is the transformation of lymphocytes in vitro, provided the biological variables can be related 
to dosimetric quantities that characterize exposure (Czerski,1975; Budd and Czerski,1985). 
To accomplish this, we designed an exposure system with provision for real-time temperature 
monitoring with RF-field non-perturbing temperature probes. The exposure system, which 
will be described in detail later, has multiple sample chambers. To allow on-line thermometry 
and dosimetry, one of these chambers is used as a site for a non-perturbing temperature probe. 
From the temperature (T)/time(t) history of the sample chamber, an exposure dosage can be 
determined and described in terms of TD, SAR, SA, or electric field strength. The system can 
be used for studies of RF-bioeffects in any tissue culture cell line or other in vitro biological 
sample. The monitoring component can be applied to the study of temperature-dependent 
effects, irrespective of the modality used for heating. 

EXPOSURE SYSTEM 

A schematic diagram of the system for microwave exposure of samples is shown in Fig. 1. 

Signal Generator 

r----- -----: 

.-------+~=::.,..t--+---\: ~~~: -~~~~~e~ j 

Waveguide 
Exposure 
Chamber 
(Shams) 

S-Band 
Waveguide Oscilloscope 
Exposure 
Chamber 

Power 
Meter 

Fig.l. Schematic diagram of essential com
ponents of microwave exposure system. 
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The output from a CW Hewlett-Packard Model8616A oscillator feeds a Hughes Model1177H 
TWT amplifier. Pulsed or amplitude-modulated waveforms are obtained through the use of 
a Hewlett-Packard Model 8403A p-i-n modulator and driver. For high peak power, but low 
duty-cycle, pulsed exposures the signal can be further amplified with a 1kW amplifier (MCL, 
La Grange, Ill.) The amplified signal enters a shorted section of S-hand rectangular waveguide 
300 mm long through a matched coaxial feed. The waveguide sample holder receives its 
power through an isolator (not shown specifically in Fig. 1) and a dual-directional coupler 
that allows forward and reflected powers to be measured with Hewlett-Packard Model 432A 
power meters, and waveforms to be monitored. A sample holder for biological specimens 
is supported centrally in the waveguide in a block of low-density polystyrene that fills the 
cross-section of the guide. An identical waveguide section with an identical plastic sample 
holder is used for sham exposures. During microwave exposures, both waveguide assemblies 

were housed in a C0 2 tissue culture incubator thermostated at 37.0°C. Various sample 
holders were tested: a 4-chamber plastic tissue culture slide (Miles Scientific # 4804) was 
found satisfactory in our application. Each chamber holds 1 rnl. A miniature thermistor 
temperature probe enters each waveguide section through a small hole in the top shorting 
plate. The hole is drilled near the guide wall, at the center of the shorter dimension- this is 
a low electric field point and the hole produces minimal disturbance. The active end of the 
thermistor probe enters the sample in one of the 4 chambers of the tissue culture dish. We 
could move the probe from chamber to chamber to check exposure uniformity. Two types of 
non-field perturbing probe have been used in this way: A Narda Model8011B non-perturbing 
double temperature probe or two Vitek Model 101 probes. The temperatures in both the 
exposed and sham-exposed samples are recorded continuously during an experimental run. 
The temperature probes are connected to a Hewlett-Packard relay activator, Model 59306A, 
which is itself connected to a Keithley Model 192 DVM. Both the relay activator and DVM 
are under the control of a Hewlett-Packard Model 86 desk-top computer through the HPIB 
(IEEE-488 bus) (Fig.2). 

~&:8~~----;::;To;;Sham-Exposure Chamber 

/8~'"~~ 
S- Bond Waveguide 
Exposure Chamber 

Sample Holder 
Troy 

Microcomputer 
HP 86 

Fig.2. Schematic diagram of multiple-chamber sample holder with non
perturbing temperature measurement and automated dosimetry system. 



Under computer control, the temperatures of exposed and sham-exposed samples are 
recorded sequentially and stored in memory. Since the temperature of sham-exposed samples 
is essentially constant, it is monitored less frequently than the temperature of the exposed 
samples. A typical experimental protocol would involve 10 temperature readings of the ex
posed sample for every one reading of the sham-exposed. For conventional thermal exposures, 
the temperature can be elevated by increasing the temperature of the incubator. 

TEMPERATURE/TIME ANALYSIS 

During a typical experiment, the temperature is recorded at regular intervals, with a 
minimum measurement interval< ls, before the beginning of, during, and after the exposure. 
The "on" and "off" times of exposure are recorded on the computer by the operator using a 
"soft-key" interrupt capability. At the conclusion of a run, the T(t) behavior is analyzed to 
determine SAR. 

If the SARis S (Wkg- 1 ) and the specific heat of the sample is C(Jkg-1 K- 1 ), then the 
SAR can be determined from the change in heating rate when microwave power is applied. 

In practice, this analysis is performed automatically. At the end of a run, the point of 
inflection, or turning point, in T(t) is found numerically. The temperature profile to the left 
and right of this point is fitted by least-squares to a linear or quadratic function and the 
change in slope at the beginning of the exposure period yields the SAR. Figures 3 and 4 are 
examples of such a procedure. 
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Figure 3 shows the temperature/time history of a sample that was cooling prior to the start 
of microwave exposure. The linear fits to the cooling and heating portions of the curve yield 
the SAR. Figure 4. shows the heating of a sampled that was quite well equilibrated before 
exposure. Because the signal/noise ratio is high the SAR was determined by a quadratic 
fit to the heating portion of the curve. The quality of the fit near the turning point can 
always be examined to determine whether the slope value is realistic. However,unless the 
temperature/time profile has very low noise, it is generally better to use the linear fit to T(t) 
near the turning point or a biased estimate of the slope can result. Figure 4 also shows the 
temperature/time history of the sham-exposed sample to illustrate its temperature stability. 

RESULTS AND DISCUSSION 

The advantages of the procedure described above are severalfold. The sample need not 
be equilibrated before SAR is determined. Repeated determination of SAR can easily and 
quickly be made, which allows the SAR uniformity from one sample chamber to another 
to be determined. Exact knowledge of the microwave power is not required: reproducible 
exposures can be made at known SAR by using the measured forward power corresponding 
to a given SAR measurement, provided the experimental arrangement is not altered between 
exposures. Dosimetry is not affected by other losses in the system. The waveguide exposure 
system with four sample chambers was found to give an SAR uniformity from one chamber 
to the other within 10%. Thus, experimental samples can be exposed and examined in 
triplicate, the fourth chamber being used for the insertion of the temperature probe. 

The system is biocompatible and, depending on cell line, cell density, and medium, allows 
continuous exposures of several days duration. The biocompatibility of this arrangement was 
proven by studying the growth of human lymphocytes under various conditions within the 
waveguide. As well as providing biocompatible exposure conditions, the system is flexible: 
it allows the exposure of tissue culture cells growing in suspension or in monolayers, and can 
easily be used with cell-free samples. The exposure system is relatively simple, and can be 
assembled from off-the-shelf components. Its capabilities can be expanded by introducing 
computer control of RF power input based on feedback from temperature measurements. 
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The radiotransmitter devices are densely widespread in all the national 
territory, and their increasing use poses serious problems of exposure 
evaluation, both for the professional exposed people, and for the public. This 
problem is of some concern, owing to the many interrelated factors, which must 
be taken into account, during the measurements. In this work the authors show 
a procedure to evaluate the electromagnetic fields, generated by 
radiotransmission antennas in the frequency range of medium and short waves. 
The developed methodology represents a result of a great number of 
measurements and of many monitoring programs, which have included a wide 
number of different measuring points around the sources, different 
environmental conditions and various measurement systems. Moreover the 
measurements have been made in many different hours of the day, because the 
transmission systems (frequency and power transmission) are many and different 
during the day. 

Source Characteristics 

The monitored sources are the radiotransmitter devices in AM of the National 
broadcasting network (RAI), placed in Rome, and their characteristics are: 

Short Waves Centre 

In this centre there are 45 antennas with 60 transmission systems. The 
radiation frequency of all the transmission plants (5) changes during the 24 
hours. Its value goes from a minimum of 6 MHz up to a maximum of 21.69 MHz. 

Medium Waves Centre 

The plant is constitued by two antennas with the following characteristics: 

1) f = 846 kHz, P = 540 kW 
This is a two §~~oles antenna in ~/2, and every dipole is fed by a 
240 kW peak power. The transmission pattern is perpendicular to 
the dipole connection line. The system gain gives a 1700 kW power 
in the maximum propagation situation. 

2) f = 1332 kHz, P = 300 kW 
This is a three g~~oles antenna in l;2. The dipoles are fed 
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with currents reciprocally 120o out of phase. The system gain 
gives a 1248 kW radiating power in the maximum propagation 
situation. 

Measurement Methodology 

Owing to the wavelengths of interest in the radiotransmitter range of medium 
and short waves, the monitoring surveillance program must involve, for the 
evaluation of the potential hazardous agent, the measurement of the electric 
and magnetic field strenghts in the near field region, and of the power 
density in the far field region. Tn f<lct in both the regions there are exposed 
people. By source characteristic examination, the most significant points, 
from a protection point of view, have been located. These points have been 
selected in relation to: 
i) effective workplace of operators; 
ii) theoretic evaluation of exposure level; 
iii) possibility to find high field strengths level, owing to the 

presence of interference on the radiation pattern. 
In addition selected points occupied by the general public and in the nearby 
vicinity of the radiotransmitter plants have been monitored, for the purpose 
to evaluate the public exposure. The measurements have been made using 
different broadband systems, able to detect and evaluate the field strengths 
in the frequency range of interest. All the data have been carried out taking 
into account the worst exposure conditions, and have been detected in 
different hours of the day, in respect of the different transmission systems. 
The set up methodology proceeds as follows: 
1) the measurement instruments should be placed on a non conducting tripod; 
2) the measurements should be made keeping a distance of at least 50 em from 

the instrument; 
3) the measurements should be made starting from the maximum safety distance 

and gradually diminishing it, with the purpose to avoid uncontrolled 
surveillance people exposure and damages to the probe; 

4) the exposure level mean values should be determined in the previously 
established points (see i), ii), iii)), at a distance from the ground 
of about 1 m and 1.50 m (target organs) and at different times in the day; 

5) the measurement points should be selected as follows: 
- at a distance of about 1 m from any possible fixed and/or mobile 

obstacle; 
- at very close proximity to re-irradiating points (e.g. telephone wires, 

electrical conducters, etc.) for the purpose of detecting "hot spots". 
It is very important to select monitoring points, so that further measurements 
may be undertaken if and when required. 
Table 1 shows an example of detected values for every selected measurement 
point. The measured values are after reported on the graph, and Graph l is an 
example of this one, and shows the electric field strength at the different 
hours of the day. 

Conclusions 

On the basis of the great amount of evaluations - more than 6,000 - the 
following recommendations may be utilized: 
1) make the measurements at least along three directions, in order to detect 

the eventual preferential irradiating stream, even if isotropic probes 
are used; 

2) correct the detected values due to: 
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- different measurement instruments; 
- signal characteristics; 
- exposure conditions. 

In addition, in order to protect the exposed people against the possible 
presence of "hot spots" and to avoid high level of field strengths in the 
nearby of great conductor body, it is necessary: 
l) earth the metal conductor, telephone wires, radiators, etc.; 
2) earth water and gas mains, and waste pipes. 

T A B L E 

ELECTRIC FIELD STRENGHTS (V/m) 

day: n day: n + l day: n + 2 
hour 

- - - - - - - - -
n1 n n} n4 n_ n& nl- n!>' nj L ~ 

a.m. 
00.00 lOS 98 90 100 100 132 118 100 100 
00.30 100 98 90 110 94 100 lOS 120 100 
01.00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 
•• 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 ..... 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
04.00 110 115 120 100 116 110 lOS 100 120 
05.00 62 64 68 69 54 54 54 69 66 

0 0 0 
••• 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
10.30 60 55 67 61 59 65 65 58 60 
11.30 61 59 67 63 55 64 58 61 61 
12.00 100 98 92 86 89 96 98 105 115 
p.m. 

12.30 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 

• 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
04.00 60 57 55 61 59 65 65 60 58 
04.30 97 96 84 90 86 91 93 98 109 

0 0 0 0 0 0 
0 0 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 

09.00 100 98 92 86 89 96 98 105 115 
0 0 0 0 0 0 0 0 0 

0. 0 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 • 0 0. 

11.30 110 116 100 120 109 110 115 105 110 

N.B. no = number of three series of measured values in the 
L 

points: 
(l, 2 

' 
3) the day no 

' 
(4, 5, 6) the day n + l 0 

' 
( 7' 8, 9) the day n + 20 

' -

mean 

L ;~IN 
104.7 
101.8 
•• 0. 0 

0 0 ••• 

..... 
110.6 
62.0 

• 0 ••• 

60.0 
61.0 
97.6 

•• 0 •• 

..• 0. 
60.0 
93,7 

•• 0 •• 

97.6 
..... 
105.0 

selected 

no = each values represents the mean of other three measurements 
~ 

I. ii· 
made reciprocally at 90° out of phase; 

= the mean values relative to three measurements in three 
...=.::k 

N different days, but at the same hour of the day. 

TABLE 1: Recording Chart of Detected Values for Every Selected Points 
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MEASUREMENT PROCEDURE FOR ELECTROMAGNETIC FIELDS OF RADAR SYSTEMS, USING A 
SPECTRUM ANALYZER APPARATUS 

Abstract 

Anna Russo (*), Biagio Russo (+) 

(*) Italian National Research Council - Occupational 
Safety and Health Protection Dpt., 
Via Serchio, 8 - 00198 Rome (Italy) 

(+) Italian Company for Technical Service (CISET), 
Via Salaria 1027 - Rome 

The radiofrequency (RF) and microwave (MW) emitting devices are used in many 
human activities and their application is continuously increasing. For this 
reason, the problem of evaluating their potential hazards to which people are 
generally exposed is of some concern, both for professional people, and for 
the general public. In the present report, the authors describe a measurement 
procedure, developed for the evaluation of electromagnetic fields produced by 
and around radar systems. By means of the developed measurement method the 
density power has been evaluated, using a spectrum recorder analyzer with the 
following extra-components: standard receiving antenna, attenuation nets, 
plotter. 
The measurements have been carried out around many radar systems and the 
results have been compared with those obtained with other measurement systems 
and methods. 

Measurement Method around Radar Systems 

By means of the spectrum analyzer it is possible to visualize on the cathode 
ray tube the emitted electromagnetic signals, decomposed in their main 
components; the measurements provide the values of absolute or relative level 
(in dB). If the input signal is modulated, like the radar signal, the power 
level measured is not an absolute one, because the input electromagnetic 
energy is not a monochromatic and can not be thorougly detected by the 
spectrum analyzer. However the numerical value of input peak power reduction 
factor is given on the basis of the selected attenuation circuits and 
therefore it is possible to calculate the exact value of input power. 
Furthermore the use of spectrum analyzer makes measurement possible without 
stopping the emitting antenna in the direction of the measurement instrument. 
These measurement conditions represent the real operation conditions and make 
any correction unnecessary for the rotating factor or radiation exposure. This 
measurement procedure uses a spectrum analyzer mod. HP 853A/HP8559A, with the 
standard ,receiving antennas Singer mod. 93490-l and 93491-2; the frequency 
range work is 500 MHz - 3 GHz, for input power values until 500 kW, if the set 
is arranged with suitable attenuation nets. 

The measurement method proceeds as follows: 

i) a calculation of the power density expected around the source 
and based on the characteristics of the emitting device; 
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ii) an investigation of the environment around the source; 
iii) a choice of suitable measurement set, in relation to emitting 

device characteristics and the previous results; 
iv) a monitoring program and the subsequent data recording 

on the plotter; 
v) data evaluation 

Before starting the monitoring program, all available information about the 
emitting source characteristics should be obtained, and at least the 
following: system operating frequency; peak/medium power; pulse width (PW), if 
any; pulse repetition frequency (PRF), if any; antenna gain; radiating antenna 
dimensions; beam \•Tidth (BW); scAn or rotation rate, if any; distance between 
the radiating antenna and the ground. 

Estimated Value 

To select the best measurement set, before starting the monitoring program, it 
is necessary to calculate the expected power density values in the measuring 
points. These values must be evaluated at a given distance from the source by 
means of: 
- transmission power; 
- radiating antenna gain; 
- radar beam amplitude. 
The estimated power density value represents the maximum power density at the 
centre of the main antenna lobe, in the given measurement point. This value is 
generally greater than the measured value, because the monitoring points are 
located, almost always, under the centre of the main lobe. 

Environmental Investigation 

All the available information about the geometrical and geographical 
characteristics of the site around the radar system should be obtained in 
order to ascertain if the radiation meets along its pdttern metallic 
conducting structures or reflecting surfaces (for example mountains), and so 
on. These obstacles in fact may produce secondary fields whose intensity could 
add to that of main electromagnetic fields, leading to points of the site, 
where the field intensity could be very high. This investigation is important 
for personnel protection purpose. 

Measurement Equipment Selection 

The main items needed for selecting the measurement array are: 
- distance between the survey points and the source must be greater 

than ten meters (far field conditions); 
- radiating lobe corner at least 3 degrees above the ground; 

rotating antenna. 
The evaluation of the power density allows, at the first stage, to estimate 
the expected power density values in the survey points, and moreover to select 
the suitable receiving antennas and the spectrum analyzer attenuation arrays. 
With the above mentioned receiving standard antenna ~t is possible to detect 
density for estimated values less than 831 mW/cm • For power density 
values greater than above this value, in the same frequency range, the 
spectrum analyzer has to be arranged with suitable attenuation arrays and 
located at a safety distance from the radiation source. The values measured 
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with this method have been compared with the data gathered using other 
different measurement devices, like power meter and broadband instrumentation 
(NARDA 8616 system). There is a very important difference between these 
methodologies. A spectrum analyzer provides measurements in real working 
condition of the radiating system (rotanting antenna); in the other cases the 
antenna must be stopped and the measured values are not those really present 
in the working condition, and represent the maximum value of power density. 
This is a real working condition only in very few cases (for example during 
radiating system maintenance program). The power meter is equipped with 
bolometric interchangeable devices, which, in relation to the frequency and 
input power range, 2llow the detection and the measurement of power density 
values up to 200 kW/rm . 

Monitoring Program 

As the radiating system is rotating during the monitoring program, the 
spectrum analyzer monitor shows the maximum electromagnetic field level, when 
the radiating antenna is oriented towards the operator. This maximum value is 
recorded (on the plotter), and other values are detected in all selected 
measurement points. These data represent the relative power level in dBm, 
while the absolute values of density power are obtained through suitable 
conversion tables, taking into account the following parameters: 
- antenna factor; 
- desensitation factors; 
-pulse repetition frequency (PRF); 
- pulse width; 
- attenuation factors of the nets. 
The methodology has been verified on a great number of radar systems and have 
been compared with the data obtained, using other methods. The results have 
always been compatible. 
ln Table 1 results obtained around radar systems, 
methodologies are shown. The same values are 
expected values in the same monitoring points. 

using different measurement 
compared with the theoretic 

In Table 2 the results obtained on laboratory radar system are shown. In this 
case the different measurement conditions and the secondary lobe emissions 
have also been evaluated; the measurements have been carried out with and 
without ecosorb surface, in order to take into account the real operation 
conditions in the effective workplaces. In this case power density values have 
not been estimated, because they are relative to the emission, due to the main 
antenna lobe, while measurements have been carried out in relation to the 
secondary emission lobes. 

Conclusions 

The obtained values during various monitoring programs around many and 
different radar systems confirm the validity of the the methodology, also 
because it allows to carry out the measurements in the real operating system 
condition, which are the real exposure conditions for the operators. 
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Table 1 - Fields Measured around Radar Systems 

Measured Power Density ( *) 
Plant Measurement Points Estimated (mW/cm2) 

Power Density 
Characteristics NARDA 8616 FDWER METER SPECTRUM ANALYZER 

lit Above Distance on the Antenna 
(Probe (IJP853/ A-IIP8559/ A (IIP432-IIP478 

the from the Axis 
8623b) HORN SINGER HORN SINGER 93491-2 

Ground Plant 
93491-2) PLOTTER HP7470/A) 

(m) (m) (mW/cm2) 

r-p = 500 Klll 1 20 0,06 0 (f) 0,15 (f) 0,186 (f) 

1 83 X 10-6 (r) 
-- -- --- - - ------ -- - - -- -- - - - - - ---- ~-- ~ 

F = 1,3 l>Hz 4 35 v,vL 3 {f) 2 (f) 5,88 (£) 

2,94 X 
-3 

10 (r) 

Pp = l,B Mill 39,6 2725 28,6 x w-6 0 (f) 2,34 X w-1 f) 1,8 X w-3 (f) 

2 0,452 X 10-6 (r) 
------ ------ ------- --- - -- -- ------- -----------

F = 1,3Gllz 2 50 0,085 0 (r) = 13,2 X 1o-3 (f) 

3,3 X 10-6 (r) 

* .r = rotating antenna 
.f = standing antenna towardsthe measurement instrument. 

.All the vallES have been obtained taking into account the sui table correction factors. 

Table 2 Laboratory Radar System 

PLANT CHARACTE!liSTICS: Pp = 180 + 220 Klll F = 9,4 GHz 

Measured Power Density ( *) Measuretl. Power Density (*) 
Measurement Point 

without Ecosorb Surface (mW/cm2) with Ecosorb Surface (mW/cm2) 

Ht Above Distance NARDA ffil6 POWER METER SPECTRUM ANALYZER NARDA ~16 POWER METER SPECIR\l>1 ANALYZER 

the from the (Probe (IIP432-!IP487 (HP853/A-HP8559/A (Probe ( llP432-!lP478 ( HP853/ A-WBS:e/ A 

Ground Plant 8623 b) HORN-SINGER HORN Sm:;ER 93491-2 8623 b). fmNSm:;ER IIJRN sm:;rn 93491~ 

(m) (m) 93491-2) PLOTTER !IP7470/A) 93491-2) PWITER HP7470/A) 

0,90 0,50 185X10-3 100X10-3 74X10-3 555Xl0-3 150X10-3 74X10-3 

1, 70 0,50 423X10-3 225X10-3 93X10- 3 925X10-3 280X10-3 93Xl0-3 

0,90 2 116X10-3 29X10-3 23X10-3 231Xl0-3 125X10-3 29X1o-3 

1,70 2 185xro-3 40Xl0-3 29xl0-3 462XJo-3 12sx1o-3 145xro-3 

0,90 3 N.R. 6,2Xl0-3 930Xl0-6 N.R. 7,9Xl0-3 930X10-6 

1,70 3 N. R. N.R. 2,9X10-3 46X10-3 9,9X10-3 4, 7X10-3 

* All the values have been obtained taking into account the suitable correction factors. 



THE EFFECTS OF ULTRAVIOLET R.ADIATION ON SOMF: t''LASTJC 
DETECTORS 

C.F'. Wong ancl H. Fleming 
Department of Physics, Queensland Institute of Technology, 

Box 2434, C.P.O .• Brisban~. Q.4001. Australia 

INTRODUCTION 

Expo~.11r'" r.o ultr·.::tviolcL (U.V.) r·a_d-U.ttion could leRd to 
l~he de\rf!.lr:!prncnt ~-}t phnt(ytoxicity, photc\allc.~rgy :1nd. 
(•nhancemcnt of phot,.Jc:;:trctnoqcncsi s '· TRPl\ l '17<) l. For- thl' 
mea~c.urement of U:v• do:c,f:> of u1tr·avin1Pt: rad:lat:ion ha.rmtuJ to 
human bodies, it is desirable to use a detector with a 
r·e~-;ponc;e cut~ve similar to the humRn action :spe('t ra ior 
erythema and for ultraviolet radiation (Diffey lq821. It is 
not easy to obtain a ctete,:tor which sati~.fLes the 
rc~qu.irement unle,-;s a very complicated ;;ctup ot spC'c:tt-omctc·r· 
with suitable photodetectors is employed (Wong and ~lcmJng 
19841. for the purpose of measuring the personal dose, a 
passive type of detector is preferred. Davis et al (191~1 

have developed a detector using polysulphone for this 
puq.Jose. The r-esponse curve shaHs a broad peak extending 
from 260 to 325 nm. Other detectors (Spectrosonics, 
Partridge and Barton 1978, Fanslow et al 19831, which were 
developed for similar pur·poses, have a ~;harp peak around '2KO 
i~r1 3;'.0 nm. Thr~E;e t-esponse curves are not very JOOd 
approximat.lons to the humcHI act ion spectr·um wh.Lch hd:; a 
sharp cut -oft at a round .lOO nm. Tht?y tend to overc:c;t .i mate 
the contt~ibut:i.on on the long wavelength region (J00--32U nml 
of UV--B. The inteqratE:·d respc•nse :in the LT\J-B n-'CjJOn cc•t.dd 
t.,~ twi cc the total area of tr)(' human d.Ct ton ~3pcd_rum i.n the 
same cegion of w.:;.ve length. The i rrad .iance of these loncJ 
wave.lcngths is at least ten times that of the ;:-,hort 
wavelengths (Je:6s than 300 nm: tn the c;olar spectrum. A 
:::.earch for materials wit.h ~l better approximai ion t.b.an the 
three types of dt'tecton; mentioned above would b•:· u,;r'lul in 
the development of a more accurate clnc;imctcr-. In rhi:; 
paper·, we w:LlJ report our prel.:im1nary rc~-;ult::: on a nc'..v typr• 
oi plastic material. 

E'XE'El< I MENTAL 

It '.Nas found that ultraviolet exposure can chanq~:· trw 
etching properties in some plastic materials !Wong et al 
1982). In this report we will present our result on allyl 
diglycol carbonate. The detector-s were prepared in discs 
of about l.O em :in diameter and about 0.6 mm in thickness. 
Accelerated ultraviolet radial ion effects were irtduccd in 
the detector::; us:ing a '200 W xenon--mercury lamp source. The 
detectors were mounted on a circular holder pla~ed at a 
distance at least 15 em frurn the source in order to avoid 
excessive thr>r·mal loading. Hadiation from the source was 
filtered through by narrow--band filters which cover a range 
of wavelengths tram 2~i0 to 340 nm. Each filter has the 
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bandwidth (i.e. the full width at half maximal of about 
10 nm. The peak transmittance of the filters is not less 
than 15%. The leakage through the filter at wavelengths 
other than the transmitted band was checked with a 
spectrophotometer. It was found that the leakage was 
negligible. A pyroelectric radiometer was used to measured 
t.he irradiance. The distance between the filters and the 
source was adjusted such that the irradiance through the 
filters was approximately the same initially. After the 
exposure, the irradiance through the filters was measured 
again with the radiometer. It was found that the irradiance 
through each filter did not change more than 5%. 

SOURCE HOUSING 

Figure l. Experimental Arrangement for Irradiation 

The exposure took place for at least 48 hours 
continuously. After exposure, the detectors were etched in 
strong alkaline solutions to enhance the effect of damage by 
ultraviolet radiation. An optimum etching time of about 
180 minutes was used ·in the presf'nt experiment. The 
opacity through the detector was measured using an optical 
microscope and a spectrophotometer. At least ten 
measurements at different areas on each detector were 
averaged to determine the average response. 

RESULT 

After chemical etching, the detectors which had been 
exposed to short wavelengths ranging from 250 to 290 nm 
exhibited a certain degree of opacity in the irradiated 
area. The detectors which had been irradiated with 
wavelengths longer than 290 nm showed no, or insignificantly 
small, change as compared with those exposed to shorter 
wavelengths. A photographic record of these detectors is 
shown in Figure 2. The experiments were repeated several 
times to confirm the finding. It was noted that the effect 
may be amplified using suitable experimental conditions. 
In order to quantify the effects, the change in optical 
density has been determined for these detectors in the 
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IIH'!ADIIHION TIME 3 DAYS NIL 

TIME Y 

figun: 2. Induced Change by U.V. in Carbonates 

manner as described previously. The aggregated results of 
several experiments with normalisation !Wong and Fleming 
19841 of integrated irradiance and filter-transmiltancP is 
presented in Figun' 3. The uncertainty in the relati.VP 
response is due to ~;tatisti.cal er·rors. The band width for· 
each i ilter L~ also includE:'d i.n the diagram. The n::sponse 
curve show~i a sharp cut·oft at around 290 nm, while the 
n~sponse is almost a constant in the reyion from 280 to 
290 nm. A comparison ot the present result with the human 
action c>pectrum for erythema is ::;hown in Figure 4. The line: 
is given by the experimental points in Figure 3. A good 
agreement was obtained between the two curves. Also 
included in the diagram is the response curve of 
polysulphone ( Davi ~>, l97F,). In view of these re~sul U>, the 
detector could be used as ~ dosimeter illr measurem0nts of 
ultraviolet radiation. Further experiments on the response 
of the detector to ultraviolet radiation in the solar 
spectrum are being conductPd. 

1.0 

~ 
;: 0.5 
< g 

250 260 

__p
----1-

270 280 290 300 310 320 330 340 360 370 
IIAVELENGTH (NM) 

Figure 3. U.V. Response Curve of Carbonates 
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Figure 4. A Comparison of Carbonates and polysulphone 

DISCUSSION AND CONCLUSION 

The response curve for ultraviolet radiation has been 
determined in the region between 250 nm and 370 nm for a new 
type of plastic material. Although no measurement is 
available in the region between 290 nm and 313 nm, due to 
the limitation of the experimental set-up, the trend of the 
results obviously indicates negligible effect3 in the region 
between 313 nm and 370 nm. From previous experiments on the 
same material, it was found that the plastic has sufficient 
sensitivity for solar spectrum measurements <Wong and Hoberg 
l'J82l. In view of these results, it is not unreasonable to 
suggest that the relative response of the material decreases 
in a manner as shown in Figure 2. Measurements of the 
absorbance on the same material support this conclusion. In 
view of these results, it is suggested that the plastic 
could be useful for measurement of ultraviolet radiation 
harmful to human bodies. Further· studies are planned to 
develop the material for personal UV monitors. 
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CONTRIBUTION DE LA RADIOECOLOGIE A LA RADIOPROTECTION 
BILAN DE 30 ANS DE RECHERCHE 

EVOLUTION DES PROGRAMMES NOTAMMENT DANS LE DOMAINE DES ACCIDENTS 

A. GRAUBY 
Commissariat a l 1 Energie Atomique 

IPSN/DERS/Service d 1 Etudes et de Recherches sur l 1 Environnement 

La Radioecologie a trente ans. Trente ans de recherche au 
service de la radioprotection. Suivant les pays, les contributions 
sont d 1 une importance variable. De taus les continents 1 1 Europe 
a le plus fourni du fait de nombreuses installations nucleaires 
dans un tissu urbain, agricole et industriel dense. Les priorites 
de recherches en radioecologie ant ete fonction des programmes 
industriels nationaux. Parmi ces priorites 1 1 etude de l 1 impact 
des accidents nucleaires a ete il y a trente ans (avec 1 1 incident 
de Windscale en 1958) un des elements moteurs du developpement 
de la radioecologie. Le bilan des recherches, malgre le nombre 
imposant de publications produites, invite a la modestie. 

L 1 analyse des facteurs de transfert publies et utilises pour 
1 I evaluation deS dOSeS f revele quI Un Certain nombre de Valeurs 
utilisees ne sont pas suffisamment explicites et sont difficilement 
exploitables. Aujourd 1 hui, avec le retour d 1 experiences provenant 
de 1 1 exploitation des installations industrielles nucleaires 
on doit reconnaitre que certaines valeurs sont trap conservatrices 
du fait des conditions experimentales. L 1 analyse des facteurs 
de transfert montre que leur emploi dans les modeles d 1 evaluation 
dU risque n I eSt paS tOUjOUrS facile quand On VeUt reduire leS 
marges d I incertitude. La selection des parametres et des valeurs 
fixes pour ces parametres exige une revision quelquefois 
dechirante. Ainsi la mise au point d 1 Un nouveau manuel de 
radioecologie (Regulatory Guide) a usage des responsables securite 
des installations du cycle du combustible nucleaire nous a amene 
a qualifier plusieurs milliers de facteurs de transferts au de 
concentration des radionucleides dans 1 1 air, 1 1 eau, le sol, la 
production agro-alimentaire. Le resultat obtenu est assez 
surprenant, pres de 25% des travaux publies sont inexploitables 
soit du fait des incertitudes sur les conditions d 1 obtention 
des resultats soit de conditions experimentales trap eloignees 
des conditions naturelles ou simplement d 1 une estimation trop 
simpliste des rejets radioactifs pour le calcul d 1 un facteur 
de tranfert "in situ". 

Malgre cette epuration importante, il faut reconnaitre que 
les donnees fournies aux hygienistes nucleaires par les 
Radioecologistes ont permis de repondre aux demandes formulees 
et 1 1 etablissement des dossiers reglementaires quelles que soient 
les legislations nationales a beneficie largement de cette 
contribution. 

Ainsi une des reussites de la radioecologie C 1 est d 1 avoir 
codifie les etudes de sites nucleaires et de permettre ainsi 
d 1 implanter et de qualifier un site avec une approche en matiere 
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de protection de 1 1 environnement exceptionnelle si on la compare 
aux sites industriels non nucleaires. 

Certains ont meme pense que la Radioecologie avait 
definitivement repondu aux questions soulevees par les 
radioprotectionnistes au point de considerer cette discipline 
comme arri vant au terme de son existence. Heureusement quelques 
scientifiques avaient attire 1 1 attention, il y a quelques annees, 
sur les insuffisances de connaissance sur les transferts dans 
les chaines alimentaires pour des situations particulieres que 
1 1 on rencontre essentiellement dans les pays ou le developpement 
industriel nuclCairc couvre l'ensemble du cycle du combustible~ 

On peut citer plusieurs themes de recherches qui meritent 
un effort de developpement. 

- L 1 etude du comportement des actinides dans 
stockage de haute activite (sites profonds : granit, 
schiste etc ... ) merite une attention particuliere. 

les sites de 
sel, argile, 

- L 1 examen des rejets lie au vieillissement des centrales 
electronucleaires conduit a des etudes de transfert sur les chaines 
alimentaires de radionucleides dont la forme physicochimique 
et les facteurs de concentration ne sont pas connus. 

- De meme la toxicologie chimique des elements stables associes 
aux rejets radioactifs posent des problemes nouveaux. 

- Enfin les etudes de transfert des radionucleides 
1 1 environnement en situations accidentelles representent a 
seules un programme important en matiere de Radioecologie. 

dans 
elles 

La simulation de situations accidentelles et 1 1 evaluation 
de leurs impacts dans 1 1 environnement n 1 ont pas toujours susci te 
dans le passe de 1 1 interet parmi les responsables des programmes 
nucleaires. Aujourd 1 hui on me sure davantage la necessi te de ces 
programmes et les premiers resul tats obtenus depuis 5 ans sont 
utiles pour tenter de comprendre et d 1 utiliser les observations 
qui sont faites dans l 1 environnement proche ou lointain de 
Tchernobyl. De plus ils sont un argument pour temoigner de 1 1 esprit 
de prevoyance et d 1 anticipation des autorites en matiere de 
Radioprotection. Ils n 1 ont pas toujours empeche des propos 
maladroits et quelquefois contradictoires quant au transfert 
des radioelements deposes. L 1 exemple bien connu du lavage des 
legumes qui devaient "eliminer" la plus grosse part des depots 
alors que nous savions deja experimentalement, et depuis 4 ans, 
que pour les cesium ' les iodes' le tellure et dans une certaine 
mesure les ruthenium, 1 1 absorption foliaire de 80 % et 90 % du 
depot etait effectuee en quelques heures. Aujourd 1 hui plus personne 
ne conteste 1 1 interet de ces recherches qui sont en meme temps 
confortees par les observations effectuees "in situ". 

Apres Tchernobyl, il est evident qu 1 une meilleure connaissance 
de la forme physico-chimique des radionucleides rejetes a haute 
temperature' serai t utile pour evaluer 1 1 impact et definir des 
procedures d 1 intervention et de recuperation de 1 1 environnement. 



Des travaux ant ete lances en France depuis plusieurs annees. 
Le programme radioecologique "RESSAC", qui vise a simuler 
experimentalement les depots, le transfert et la recuperation 
des sols apres accident, en est un exemple. Le theme de cette 
etude est la mise aU point de techniqUeS de rehabilitation d I Un 
environnement notamment des sols et des nappes apres un accident 
nucleaire severe qui entraine des depots consequents de 
radioactivite dans un rayon de 10 a 50 km autour de !'installation. 
A partir de la simulation experimentale du terme source dans 
un batiment specialement con<;:u pour realiser la fusion a haute 
temperature de materiaux nucleaires a haute activite nous etudions 
les formes physico-chimiques des aerosols emis, le depot et le 
transfert dans les vegetaux et le sol des radionucleides. Ces 
installations permettent sur des milieux naturels provenant de 
sites electronucleaires de creer des conditions climatiques 
variables et de mettre en oeuvre avec le maximum de realisme 
differents types de contre-mesures. Ces contre-mesures peuvent 
aller du simple traitement du sol a la mise en oeuvre de 
technologies agroalimentaires qui autorisent la commercialisation 
du produit. 

En effet le recent accident de Tchernobyl a montre que les 
criteres d'evaluation du detriment n'etaient pas uniquement des 
criteres sanitaires, mais que se superposaient des considerations 
economiques et politiques. L'environnement doit etre considere 
non pas seulement comme une interface entre le rejet et l 'homme, 
mais comme le support de notre economie. 

Ce domaine particulierement important ouvre pour la 
Radioecologie de nouveaux espaces de recherche. Ainsi au ni veau 
Europeen des programmes experimentaux sont lances pour proposer 
des mesures specifiques de protection de l'environnement qui 
prolongent les premieres mesures sanitaires. 

La fertilisation des 
des radionucleides, les 
exemples de ces mesures 
economique. 

sols, le blocage chimique de la migration 
technologies agroalimentaires sont des 

de radioprotection a finalite socio-

Ainsi, apres 30 ans de recherches, la Radioecologie subit 
le meme type d'evolution que la plupart des disciplines qui forment 
la Radioprotection. Les connaissances de base sont en grande 
partie acquises, mais il existe des besoins scientifiques de 
COnnaissances aSSOClees a !'evolution des programmes nucleaires 
industriels : le stockage a long terme, l'impact lie au 
vieillissement des installations, l'etude des situations 
accidentelles, la contribution de la radioactivite naturelle 
dans l'environnement humain. 

Un domaine toutefois merite une attention particuliere car 
il a ete neglige dans le passe a la suite de conclusions un peu 
hati VeS publieeS a partir d I experienCeS limi teeS t il S I agi t de 
l I effet dU rayonnement ionisant SUr leS eCOSystemeS t effet lie 
a la fois au rayonnement externe, au depot et aux radionucleides 
metabolises. Sans tomber dans des etudes fondamentales des faibles 
doses, il semble que !'observation, en situation accidentelle, 

630 



de la reaction du monde vegetal en particulier a ces effets 
d' irradiations associes devraient nous apporter des moyens 
d'evaluation de l'impact dans l'environnement au moyen d'une 
dosimetrie derivee d'une lecture visuelle des ecosystemes. 

Ce dernier exemple choisi parmi d'autres confirme qu'en effort 
important reste a accomplir et que la Radioecologie doit maintenir 
et mobiliser ses moyens pour apporter a la radioprotection les 
elements indispensables a l'evaluation exacte du risque. 
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A PLEA FOR CONSISTENT CRITERIA FOR INTERPRETING 
RADIOLOGICAL ENVIRONMENTAL DATA 

D.H. Denham and R.L. Kathren 
Battelle Pacific Northwest Laboratory 

PO Box 999, Richland, Washington 99352, USA 

ABSTRACT 

Current reductions in "allowable" levels of radiation and radioactive 
materials and an increased public awareness of naturally occurring radio
active materials have reinforced the need for consistency in evaluating the 
radiological environment. A key problem is in interpreting environmental 
levels resulting from nuclear facility operations. If these levels can be 
detected and their ultimate source(s) can be identified, then corrective 
actions can be taken to eliminate or greatly reduce the environmental 
impacts of such sour~es. In this paper we address the lack of definitive 
guidance necessary to determine incremental levels of significance or of 
insignificance (i.e., de minimis levels or those "below regulatory 

·concern"). 
This paper proposes criteria for more consistent implementation 

of sampling and statistical procedures used to evaluate environmental 
conditions. Some of the more important issues needing definitive 
guidance include: 

• determining "background" levels by consistent methods 

• assuring representativeness of samples 

• instituting uniform sampling procedures 

• evaluating environmental data on a "population" (statistical) 
rather than on a single sample/measurement basis 

• establishing internationally accepted criteria for determining 
at what level of contamination remedial action is required. 

Work supported in part by the U.S. Department of ~nergy under 
Contract DE-AC06-76RLO 1830. 



LE CONCEPT DE RETOUR D'EXPERIENCE EN RADIOECOLOGIE 
APPLICATION AU CAS D'UN FLEUVE A FORTE IMPLANTATION NUCLEAIRE 

LE RHONE 

FOULQUIER L., GRAUBY A., LAMBRECHTS A., PALLY M. 
Commissariat a l'Energie Atomique 

IPSN/DERS/Service d'Etudes et de Recherches sur l'Environnement 

De puis 3 0 ans, l I equipement nucleaire du Rhone se pour suit : 
la premiere centrale date de 1956 et depuis ant ete implantes 
17 reacteurs appartenant aux fili~rRs UNGG, REP et RNR (15000 
MWe), des usines d'enrichissement et de retraitement du 
combustible. Ces installations rejettent des effluents liquides 
dont la radioactivite s'ajoute a celle des retombees des explosions 
nucleaires et plus recemment a celle resultant de !'accident 
de Tchernobyl. Le Rhone est ainsi un lieu privilegie d'observations 
sur les processus de fixation et de transfert des radionucleides. 

l. LE RHONE 
Long de 812 km, dont 522 en France, le Rhone a un bassin 

versant de 98845 km2. Le fleuve est equipe de 21 amenagements 
hydroelectriques qui, outre la production d'electricite, le rendent 
navigable sur 310 km et permettent !'irrigation de 200000 ha 
de terres cul ti vees. Les installations nucleaires sont regroupees 
dans 7 sites. 

En fonction des implantations nucleaires, plusieurs zones 
peuvent etre definies 
- en amant de Creys-Malville, une zone soumise uniquement aux 
retombees des explosions atomiques, 
-de Creys a Marcoule une zone permettant de mesurer l'impact 
des effluents des centrales, 
- en aval de Marcoule une zone totalisant l' ensemble des termes 
sources y compris celui de l'usine de retraitement. 

A partir de mai 1986 !'ensemble du Rhone est soumis aux 
retombees de Tchernobyl. 

Des echantillons d I eau, de sediment, de vegetaux aquatiques 
et de poissons sont preleves dans une soixantaine de stations. 
Apres condi tionnement ils sont mesures par spectrometrie Ge ou 
par radiochimie. Les resultats sont stockes dans une base de 
donnees. Elle permet de sortir les bilans radioecologiques du 
fleuve, d'analyser l'impact des differents termes sources, de 
comparer le Rhone aux autres fleuves. 

2. LES TERMES SOURCES 
21. Les retornbees des essais militaires ant libere en 30 

ans dans !'atmosphere 4,4.1024 Bq de produits de fission dont 
1,32 EBq de Cs-137 et 1 EBq de Sr-90. Les retombees sont estimees, 
en France a 320 kBq/m2, soi t 31,6 PBq sur l' ensemble du bassin 
rhodanien. Dans ces retombees il y avait essentiellement du Cs-137 
et du Sr-90 (DOURY, 1986). 

22. Les rejets des centrales sont de faible activite en 
comparaison des retombees. La limite annuelle autorisee par tranche 
(hors tritium) est de 0,56 TBq/an (PELLERIN & MORONI, 1987). 
Ces rejets sont variables suivant les annees et les centrales 
(BIDARD, 1987). Ils contiennent principalement du Co-58 (40 a 
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75%), du Co-60 (17 a 25%), du Mn-54 (2 a 4%), Cs-137 (1 a 3%) 
et en quantite moindre du Cs-134, de 1 1 Ag-ll0m, du Sb-124+125 
etc ... ) 

23. C 1 est au niveau de 1 1 usine de retraitement qu 1 ont lieu 
les rejets les plus importants de tout le cycle du combustible. 
A titre d 1 exemple, en 1983 1 1 usine de Marcoule a rejete environ 
40 TBq de nucleides soit 80 fois plus que la centrale du Tricastin. 
Ces rejets contiennent du Ru-106 ( <30 TBq/an), du Sr-90 et du 
Cs-137 ( <6 TBq/an et en quantite plus faible d 1 autres nucleides 
tels que Ce-144, Mn-95, Zr-95, SR-89, Co-58+60, Ag-llOm, Sb-125, 
Pu-238+239+240, Am-241, Eu-151. .. (CALMET & call. 1985). 

24. Le 26 avril 1986 1 1 accident de Tchernobyl a libere dans 
1 1 atmosphere 37 PBq de produits de fission. Le ler Mai 1986 un 
panache radioactif a survole le bassin rhodanien. Les depots 
au sol sont au maximum de 10 kBq/m2 en Ru-103, 7, 8 kBqjmZ en 
Ru-106, 8,9 kBq/m2 en Cs-134, 24 kBq/m2 en Cs-137 (UIR,l987). 

3. IMPACT DES TERMES SOURCES SUR LE RHONE 
La radioactivite naturelle 

au K-40, aux 14 elements de 
elements de celle du Thorium 
(FOULQUIER & call. 1987) : 

des compartiments du fleuve, due 
la famille de 1 1 uranium et aux 10 
est stable sur 1 1 ensemble du Rhone 

- 1 Bq/1 d 1 eau 
- 2250 Bq/kg (sec) de sediment 

1700 Bq/kg (sec) de vegetaux immerges 
- 110 Bq/kg (frais) de poissons. 
A ces valeurs viennent s 1 ajouter 1 1 impact des 

termes sources pour taus les radionucleides hors H-3) 

Activite en fonction Eau Sediment vegetaux 
du terme source dans 
les differentes 
zones du fleuve Bq/1 Bq/kg sec Bq/kg sec 

Retombees 0,003 9 10 
Centrales 0,02 40 70 
Marcoule 0,5 1000 2000 
Tchernobyl (mai 1986) 0,5 600 a 15oo 1700 a 4000 

differents 

Poissons 

Bq/kg frais 

1,5 
4 

20 
10 a 40 

31. Dans la portion du fleuve soumise uniquement aux retombees 
des explosions atmospheriques on retrouve systematiquement dans 
taus les echantillons le Cs-137. Il est a noter que les poissons 
du Leman ant des concentrations en Cs-137 trois fois plus elevees 
(0,98 Bq/kg frais) que ceux du haut-Rhone, montrant le role 
particulier des grands lacs et de leur bassin versant dans la 
concentration de ce nucleide (FOULQUIER, 1979). Le Sr-90 est 
visible dans quelques poissons et vegetaux. Ainsi, apres des 
decennies de retombees puis l 1 arret des essais atmospheriques 
la radioactivi te artificielle est plus faible d 1 un facteur 100 
a 1000 a la radioactivite naturelle. 

32. En aval des centrales se retrouvent les nucleides les 
plus abondants dans les rejets (Cs-137, Cs-134, Co-58, Co-60, 
Ag-llOm, Mn-54, Sr-90, H-3 ... ). L 1 eau, du fait de son 
renouvellement est tres peu chargee en radionucleides ; le sediment 
concentre ceux qui S 1 adsorbent sur les particules (Cs, Co, Ag ... ). 
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Ce sont les vegetaux qui sont les meilleurs radioindicateurs 
par la quantite et le niveau de radioactivite des elements fixes. 
Les poissons permettent egalement de caracteriser les rejets 
des centrales et parfois de mettre en evidence des nucleides 
qui n I etaient pas prevus par 1 1 exploi tant tel que le Zn-65 en 
aval du Bugey (LAMBRECHTS & FOULQUIER, 1987). 

33. Les prelE~vements effectues en aval de Marcoule montrent 
que les concentrations en radionucleides y sont les plus elevees. 
Ceux qui preexistaient en amont de 1 1 usine augmentent de fac;:on 
significative, d 1 autres n 1 apparaissent qu 1 a ce niveau (Ru+Rh-
106, Am-241, Ce+Prl44, Pu 238+239+240 ... ) . 

Apres 30 annees de fonctionnement de l 1 usine 
la radioactivi te artificielle du Rhone en aval 
toujours inferieure ou de l 1 ordre de grandeur de 
naturelle (FOULQUIER & coll., 1987). 

de retrai tement, 
de Marcoule est 
la radioactivite 

34. Des campagnes de prelevements ant ete entreprises dans 
les divers secteurs du Rhone depuis Tchernobyl. Les radionucleides 
a vie courte issus de l 1 accident disparaissent en quelques 
semaines. Certains a vie moyenne tels que les Cobalt, le Mn-
54, l 1 Ag-ll0m, le Sb-125 demeurent a des niveaux d 1 activite 
sensiblement identiques a ceux qu 1 ils avaient avant 1 1 accident. 
Les cesium et les ruthenium sont presents sur l 1 ensemble du fleuve. 
Le Cs-137 a des concentrations de 100 a 1000 Bq/kg sec de sediment, 
de 100 a 400 Bq/kg sec de vegetaux et de 5 a 30 Bq/kg frais dans 
leS pOiSSOnS 1 SOit deS niveaUX SUperieUrS a CeUX qui eXiStaient 
en aval de Marcoule. Le Ru-103 apparait dans tout le Rhone avec 
des concentrations importantes. Les retombees de Tchernobyl 
masquent 1 1 effet de plusieurs annees de rejets des installations 
nucleaires. Toutefois les concentrations mesurees res tent basses 
et sans signification en terme de sante publique. Les prelevements 
realises en juillet, novembre 1986 et mars 1987 montrent la 
disparition du Ru-103, une decroissance rapide du Ru-106 et 
beaucoup plus lente pour le radiocesium, en particulier chez 
les poissons. 

4. CONCEPTION ET INTERET DES ETUDES RADIOECOLOGIQUES 
Les exemples precedents demontrent que le suivi radioecologique 

regulier du fleuve permet de mesurer clairement l 1 impact des 
differents termes sources. Toute situation nouvelle peut etre 
comparee a la situation anterieure et donner des informations 
utiles. L 1 information des donnees permet de manier des milliers 
d 1 informations et de mettre en evidence l 1 existence de parametres 
qui regissent le devenir des nucleides dans l 1 environnement. 
Les donnees de terrain soulevent des questions concernant les 
mecanismes de transfert, les cinetiques de fixation et 
d 1 elimination des radioelements, les facteurs qui agissent sur 
ces processus. Chaque terme source induit un besoin de connaissance 
particulier : ainsi les retombees des explosions posaient les 
problemes concernant le Cs-137 et le Sr-90, les centrales ceux 
des produits de fission et d 1 activation, Marcoule nous interroge 
sur les transuraniens et le ruthenium, Tchernobyl fait apparaitre 
la question de la vitesse de fixation des nucleides en situation 
accidentelle et de l 1 epuration du fleuve. Les experiences de 
transfert en laboratoire apportent des reponses a ces questions. 
On peut simuler des radiocontaminations du milieu aquatique, 
etudier les echanges entre les divers compartiments des chaines 
trophiques. L 1 analyse compartimentale permet de modeliser chaque 
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cinetique de transfert. Un modele dynamique, cumulant les 
differentes equations, synthetise l'ensemble des transferts et 
explique les constatations faites in situ. Ce travail a deja 
ete realise pour le Cs-137 (LAMBRECHTS, 1984) ; il est actuellement 
en cours pour le Co-60 et pourra etre etendu a d'autres nucleides. 

CONCLUSION 
Le sui vi radioecologique du Rhone mesure l' impact des 

differents termes sources. Les observations fai tes in situ 
induisent des experiences de laboratoire qui permettent de 
connaitre les cinetiques et les facteurs de transfert des 
rrJdi onucleides. T.e faiscean des connaissances accumulees peut 
etre confronte aux hypotheses de prevlsions de rejets faites 
par l'exploitant des installations, en corriger les modalites 
et les faire evoluer en fonction de la situation radioecologique 
du fleuve afin de preserver l'environnement et la sante des 
populations (BOVARD & coll, 1975). 
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RADIOECOLOGICAL PATHWAY OF ELEMENTARY TRITIUM 
STUDIED IN THE LABORATORY AND DURING RELEASE EXPERIMENTS 

H. Forstel 
Nuclear Research Centre Julich Ltd. (KFA), Radioagronomy, 

POB 1913, D-5170 Julich, Federal Republic of Germany 

ABSTRACT 

The radiotoxicity of elementary tritium HT is 10 4-fold lower 
compared to tritiated water HTO. HT now released by reactors and 
reprocessing plants will be very important for the fusion techno
logy where it is handled in amounts comparable to the world's 
natural T inventary. Biogeochemical studies as well as soil expo
sures in the laboratory have demonstrated that soil is a sink of 
HT (microorganisms, hydrogenase). Our studies have shown that HTO 
is the primary product, the organically bound form OBT a secon
dary one during usual biosynthesis (about 1 °/oo uptake per 
week). The uptake of HT by the soil is described by the deposi
tion velocity vd (calculated from the HT decrease in the air 
space above the soil core, HT measured by an !-chamber in a 
closed circuit, reemission by cool trapping HTO). 
HT is converted in the surface layers of soil (50% within first 
1-3 em). V is not governed by soil temperature but by its water 
content (fPee porous space). Therefore a distinct annual cycle 
can be observed (minimum during northern winter), also an influ
ence of human use (v of field, pasture and forest~ 1:2:10, 
dependent on its con~ent of organic material wich renders the 
soil light. 
It is proposed to collect a set of soil samples around a nuclear 
facility and measure v and the reemission rate in the lab 
(demonstrated around tHe KFA JUlich and a French site). During 
the French release the applicability of the method was demonstra
ted under field conditions (comparison to v from release data 
using 4HT concentration of_yir and HTO conteRt of soil) (vd about 
2xl0 /reemission 1-5% h ). 
Agriculturally used soils of a site behave quite uniformly. The 
HT pathway then depends on the local water ecology, but may be 
predicted very well from vd and reemissio~ data. 
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TRANSFER FACTORS ACROSS THE HUMAN GUT FOR PLUTONIUM AND 
AMERICIUM IN SHELLFISH FROM NEAR SELLAFIELD 

G. J. Hunt, D. R. P. Leonard and M. B. Lovett 
Ministry of Agriculture, Fisheries and Food 

Directorate of Fisheries Research 
Fisheries Laboratory, Lowestoft, Suffolk NR33 OHT, UK 

INTRODUCTION 

Data on gut transfer factors for environmental forms of radio
nuclides are essential for estimates of public radiation exposures 
following ingestion, and thus in decisions on controlling waste 
disposals. Dose estimates for transuranic nuclides are particu
larly sensitive to uncertainties stemming from gut transfer data 
being related to non-environmental forms and/or derived from animal 
experiments. The main parameter in question is f 1 , the fraction of 
intake reaching human body fluids following ingestion, as applied 
in the model of the gastro-intestinal tract used by the ICRP (ICRP, 
1979). The ICRP have recently reviewed the metabolism of plutonium 
and related elements (ICRP, 1986). Values of f 1 were derived from 
animal data; limited verification was provided by the only human 
data then available which was based on the low levels of fallout in 
foodstuffs (Mussalo-Rauhamaa et al., 1984). The ICRP proposed a 
cautious value for f 1 of 10-3-yor-unknown or mixed compounds of 
Pu and for other actinides. However, it was recognised that this 
cautious value may not be appropriate in all situations where a 
best estimate of absorption is required; in such cases, if a 
different value more suitable to the specific situation can be 
justified, it should be employed. 

A particular case in which estimated doses are significantly 
contributed by Pu and Am, and therefore dependent upon the values 
of f 1 , is that of the critical group of fish and shellfish con
sumers near Sellafield. Two methods of measuring f 1 values, rele
vant in this situation, have been afforded by the use of sensitive 
techniques to detect plutonium and americium in the urine of con
sumers of shellfish collected near Sellafield. 

EXCRETION BY CRITICAL GROUP CONSUMERS NEAR SELLAFIELD 

Adult members of this group, who were known to eat molluscan 
shellfish from near Sellafield at relatively high rates (Leonard 
and Hunt, 1985) were asked if they were willing to provide samples 
of their urine. Ideally, these samples would be over 24 h, and for 
a number of days. Two males (consumers 117 and 128, ages 19 and 45 
respectively) agreed to participate. A total of 15 days' samples 
were obtained. For intakes, data from our regular habits surveys, 
which include diary studies (Leonard, 1984) provided some data, but 
more detailed information was sought before and during the period 
of sampling, and also for years prior to those covered by our 
surveys. Concentrations of Pu and Am in the molluscs eaten were 
obtained by analysing appropriate sub-samples or from our regular 
monitoring data. Analyses of shellfish and urine were carried out 
at Lowestoft by chemical separation of Pu and Am and plating onto 
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stainless-steel discs, followed by alpha spectrometry. Long 
counting times (~ 8 weeks) were used for urine samples. Bulked 
samples of urine from Lowestoft-based donors were also analysed as 
controls. 

Interpretation of the result for each day's sample in terms of 
f 1 was carried out using intakes combined with expected excretion 
rates; for Pu, these were derived using the function fitted by 
Jones (1985) to the classic volunteer data. For Am, the function 
due to Takada et al. (1984) was used. Detailed results are pre
sented in Hunt-et-al. (1986). For three of the days of sampling by 
one of the volunteers, sample contamination was suspected and the 
results were excluded. For each consumer, results were combined 
using weightings dependent on counting errors. Results are shown 
in Table 1. An overall geometric mean is given, in consideration 
of likely metabolic variations between individuals. 

Table 1 Gut transfer factors for critical group consumers 

Consumer number 

117 

128 

(Weighted geometric 

Errors represent la 

Days of 
sampling 

6 

6 

mean) 

based on 

Gut transfer factor 
(weighted arithmetic mean) 
x 10- 4 

1.1 ± 0.4 4.2 ± 0.2 

0.7 ± 0.2 0.7 ± 0.2 
--------

0.8 ± 0.1 3.9 ± 1.3 

counting statistics only. 

EXCRETION BY VOLUNTEER CONSUMERS 

The above experiment was subject to a number of difficulties 
due to control of intakes, obtaining 24 h samples, and the problem 
of estimating long-past intakes. An alternative experiment was 
therefore devised using Lowestoft-based adult volunteers with no, 
or minimal, prior consumption foods labelled with Pu and Am. Six 
males and two females provided urine samples after eating flesh 
from winkles collected near Sellafield. These winkles are freely 
available and their use in this way is not subject to potential 
ethical issues raised by the use of deliberately labelled foods. 

Supplies of winkles were collected from near Sellafield, most 
of them by critical group members. The method of preparation 
replicated that used by the critical group. The approach used, 
also involving the least inconvenience to volunteers, was for them 
to eat the largest reasonable amount of subsampled winkles (about 
450 g) during 1 day; excretion was followed by 24 h urine sampling 
for 2 days before and up to 12 days after consumption. To reduce 
counting errors, urine samples from a number of volunteers were 
often bulked. Four experimental runs were carried out as given 
below, the numbers of volunteers and bulking depending upon 
experience gained. 



The first run used one volunteer (LT9: age 37) and was inten
ded to check whether, and over what period, any enhanced excretion 
was indeed detectable. There was clear evidence of an increase in 
excretion above the background level after the day of winkle con
sumption. The result for each day (or group of days in later runs) 
was treated as an observation for the purpose of estimating fl. 
Expected excretion was derived from the equations due to Durbln 
(1972) and Takada et al. (1984) for Pu and Am respectively. In the 
second run which used~wo male volunteers (LT13 and LT23: ages 43 
and 44 respectively), we attempted to improve sensitivity by the 
use of winkles of higher concentration and by bulking each day's 
urine. To ensure representativeness, each volunleer's intake wcts 
about the same. The third run used two female volunteers (LT7 and 
LT30: ages 39 and 29 respectively) and, in an attempt to improve 
sensitivity further, bulking of urine was carried out for both 
volunteers and also for some of the later days. The excretion on 
day l appeared very high; contamination was suspected and this 
result was excluded from our interpretation. The fourth run was 
designed to be the most sensitive, using four volunteers (LT9, 
LTlO, LT24 and LT36: ages 37, 44, 35 and 41 respectively) and 
bulking samples for later days. In this run no contamination was 
obvious in either pre- or post-intake samples, and counting statis
tics were improved. Detailed results are presented in Hunt et al., 
1986; summarised results of all the runs are shown in Table~ ~he 
f 1 values derived for each run are the arithmetic means of those 
for each day's (or bulked group of days') samples, weighted for 
counting errors. An overall geometric mean is also presented. 

Table 2 Gut transfer factors for volunteer consumers 

Experimental 
run 

Consumers Gut transfer factor 
(weighted arithmetic 
X 10- 4 

mean) 

239pu + 240pu 241Am 

l LT9 2.4 ± 1.2 0.6 ± 0.3 

2 LT13, LT23 0.6 ± 0.2 0.36 ± 0.06 

3 LT7, LT30 2.3 ± 1.7 2.2 ± 1.4 

4 LT9, LTlO 0.6 ± 0.2 0.65 ± 0.05 
LT24, LT36 

----------
(Weighted geometric mean) 0.8 ± 0.3 0.6 ± 0.1 

CONCLUSIONS 

For Pu, there is good agreement between overall results for 
critical group members and for volunteer consumers; for Am, agree
ment is poorer but this may be due to metabolic factors influencing 
the result for consumer 117; the result for consumer 128 is in good 
agreement. Whilst the results obtained for the critical group 
members are important as described below, the uncertainties are 
greater than for the Lowestoft-based volunteers and for f 1 values 
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we would wish to place greater confidence on the results of the 
latter experiment. 

The range of results are not inconsistent with the cautious f 1 
value for Pu and Am of 10- 3 recommended by ICRP (ICRP, 1986) for 
use in the absence of specific measurements such as described here; 
in the case of consumption of winkles from near Sellafield, the 
results would support a lower f 1 value. Our current method of 
estimation of dose to the critical group considers the effect of f 1 
values of 10- 4 and 5 x 10-4, and on the basis of the present 
results this would appear to provide adequate protection. In the 
small sample of critical group consumPrs observed there was no 
evidence of significant excretion in excess of that predicted using 
these factors, for example, such as would have been the case if 
they were too low or values of intake from habits survey data were 
underestimated. Thus the results provide confidence in our habits 
survey data and methods. Further, the results also provide 
evidence that for these people there is no significant additional 
intake of actinides from any pathways not accounted for. 

Because of the limited data from this investigation a second 
experiment using volunteer consumers is being undertaken to confirm 
these conclusions, and the results will be published as soon as 
practicable. 
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THE USE OF THERMOLUMINESCENT DOSEMETERS IN MEASURING EXTERNAL 
EXPOSURE OF POTENTIAL MEMBERS OF A CRITICAL GROUP NEAR 

SELLAFIELD TO VERIFY DATA FROM HABITS SURVEYS 

D. R. P. Leonard and G. J. Hunt 
Ministry of Agriculture, Fisheries and Food 

Directorate of Fisheries Research 
Fisheries Laboratory, Lowestoft, Suffolk NR33 OHT, UK 

INTRODUCTION 

The pathways for radiation exposure of the public due to 
authorised discharges of low level liquid radioactive wastes from 
the major UK nuclear establishments are kept under review by means 
of habits surveys. These surveys focus upon members of the public 
who are potentially the most exposed, i.e. the critical groups. 
Most of the information comes from talking to these people and 
requesting their assistance in completing logging or diary records 
(Leonard et al., 1982; Leonard, 1984). In important cases, we 
have endeavoured to verify data in other appropriate ways and this 
paper describes one such study. This involved the critical group 
of boat dwellers in Whitehaven, Cumbria near the British Nuclear 
Fuels plc (BNFL) site at Sellafield. These people are exposed to 
gamma radiation whilst on their boats when the underlying silt is 
exposed by the receding tide (Hunt, 1984). Our normal method of 
dose assessment makes use of occupancy data from habits surveys 
combined with regular measurements of gamma dose rates using port
able instruments. In this comparison, thermoluminescent dose
meters (TLDs) were also used to provide a measure of integrated 
doses received by a number of volunteer members of the group. 

METHODS 

Four boat dwellers on different boats agreed to wear TLDs and 
also have them placed on their boats in areas of high occupancy 
such as their berth (sleeping accommodation), cabin, wheelhouse or 
deck. CaS0 4 (Tm) TLDs were used because of their sensitivity at 
low dose rates with minimal fading; they were calibrated against a 
137cs standard source. TLDs on the boats were used in triplicate 
but as they were bulky due to a number of filters, only one TLD 
was worn, typically in a trouser or jacket pocket. The exposure 
period was 46 days. A number of TLDs were exposed as controls in 
suitably unaffected locations. 

Gamma dose rates were measured on the boats while they were 
aground on the silt in their usual mooring locations, using a Mini 
Instruments meter, type 6/80, with energy compensated Geiger 
Maller tube (MC-70). Using our usual procedure, four 300 second 
scaler readings were made at each TLD location. These scaler 
readings were converted to absorbed dose rates "free in air" using 
calibration curves obtained using a 226 Ra standard source. A 
factor of 0.87 Sv Gy-1 was used to convert these absorbed dose 
rates to effective dose equivalent rates (Spiers et al., 1981). 
In addition, a continuous recording of the gamma dose-rate was 
made in a spare berth of one of the vessels using a meter of the 
above type connected to a data logger. Details of each vessel's 
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movements during the exposure period were obtained from its log 
book. By consulting tide tables, the total amount of time that 
each boat was aground on the silt was calculated, and from details 
of each boat dweller's time at sea, on board in the harbour and on 
land, his dose was established. 

RESULTS AND DISCUSSION 

Table l shows how exposures in the berths of the vessels were 
derived from occupancy and dose rate data; the results are com
pared with the doses measure~ 11sing TLDs. Table 2 presents simi
lar information for doses to the boat dwellers; here, the maximi
sing assumption was made in the calculation that all of their time 
on board was spent in their berths, which is the area of highest 
occupancy and dose. The absorbed dose rate "free in air" on the 
vessels when afloat was consistently found to be close to 
0.10 ~Gy h-1, and this value was used in the calculations. 

Table l. Doses in the berths. 

Boat Hours Dose rate Calculated Dose measured 
aground in berth exposure in using TLD 
on silt ( ~Gy h- 1 ) berth ( ~Sv) ( ~Sv) 

A 270 0.30 143 125 
B 248 0.37 154 182 
c 360 0.38 184 321 
D 320 0.44 191 310 

Table 2. Doses to boat dwellers. 

Dweller Hours spent Dose rate Calculated Dose measured 
on boat on boat when in berth dose to using TLD on 

aground ( ~Gy h- 1) person ( ~Sv) person ( ~Sv) 

A 79 0.30 110 126 
B 182 0.37 139 174 
c 266 0.38 161 241 
D 236 0.44 166 198 

In discussing these results, it is convenient first to deal 
with the relationship between doses in the berths (Table l) and to 
the persons (Table 2). The latter may be expected to be lower 
mainly because of time spent off the boat, and this is generally 
reflected in the results. However, the measured results for 
persons A and B are rather similar to the measured and calculated 
exposures in the berths. Boat dweller A said that he had been 
reluctant to wear his TLD ashore, and boat dweller B admitted to 
sometimes forgetting to transfer his TLD to his shore-going 
clothes. Hence, there is fair agreement between the supposedly
measured dose to the person and the calculated and measured doses 
in the berths. We believe, therefore, that for these persons the 
calculated exposures give a better indication of those actually 



received. In this case, the vagaries of human nature would seem 
to render the calculational approach generally more reliable than 
one in which people were regularly asked to wear TLDs. 

Comparing the calculated and measured results in the berths, 
and for boat dwellers C and D, the TLD results appear generally 
higher than the calculated exposures by up to 70%. In order to 
assess any discrepancies which might be expected, a series of 
investigations was carried out (A. Bolsover, personal communica
tion). The calibrations of the TLDs and the portable dosemeter 
were both checked against a standard source of l37cs, the predo
minant radionuclide giving rise to external exposure over silt in 
Whitehaven harbour. Any pre-existing differences were shown to 
lead to comparatively little error at photon energies characteris
tic of l37cs and 226Ra but it was recognised that much of the dose 
in the environment is due to scattered photons of lower mean 
energy. The response of the CaS0 4 TLD is relatively higher than 
the portable dosemeter at these lower energies. Estimates based 
on the energy responses of both detectors and the characteristics 
of the energy spectrum showed that the TLDs could produce measured 
doses enhanced by up to 20% over those using the portable dose
meter. Further, the response of the TLD was found to be sensitive 
to orientation; unidirectional irradiation from the side produced 
a reading enhanced by up to a factor of 2. Scattering from 
objects on the boat could have influenced the anisotropy of the 
radiation field. No control could reasonably be exercised over 
the wearer and the TLDs' orientation would have changed repeatedly 
(e.g. when asleep). Bearing these uncertainties in mind, we 
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regard the comparison as sufficient to support the results for 
calculated exposures and, hence, the habits survey data on which 
they are based. 

Clearly, the habits survey data also contain generalisations 
and it is important during regular monitoring to take account of 
any unusual circumstances. This was illustrated during this work 
by the use of the dose rate recording logger. Usually, consistent 
results were obtained when the boat on which it was installed was 
aground on the harbour silt in its usual mooring position or 
afloat. The changes in gamma dose rate due to the tide are shown 
in Figure 1. On one occasion, Lhe boat's mooring wus changed, and 
this gave rise to a higher reading. The integrated dose over the 
whole exposure period was not significantly affected but this 
experience indicates the need, during regular monitoring using 
spot measurements, to carry out representative observations at 
appropriate locations established from habits survey data. 

CONCLUSIONS 

The TLDs provided a useful means whereby external exposures 
to a critical group could be measured and compared with our usual 
method of estimation, based on data from habits surveys. The 
results of the comparison reported here were satisfactory, taking 
account of the uncertainties inherent in both methods and the 
differences in responses of the two types of detector. We would 
not recommend the TLDs for general use: apart from their intru
sive nature and presentational implications, they suffer from 
drawbacks due to human error and technical disadvantages such as 
variation of response with orientation and energy. The results of 
this work generally support the results for calculated exposures 
from the habits survey data on which they are based, and we intend 
to continue with the habits survey method for general use. 
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DOSE TO MAN FROM THE CONSUMPTION OF MARINE SEAFOODS: 
A COMPARISON OF NATURALLY-OCCURRING AND ARTIFICIAL 

RADIONUCLIDES IN FISH AND SHELLFISH 

R.J. Pentreath 
MAFF, Directorate of Fisheries Research 

Pakefield Rd., Lowestoft, Suffolk, England 

ABSTRACT 

The consumption of above average quantities of marine seafoods has for a 
long time been a characteristic of critical groups associated with the 
authorised discharge of low-level liquid radioactive wastes into UK coastal 
waters. Such consumers are also of special interest in other countries 
discharging low-level radioactive wastes into the sea. The concentrations 
of artificial radionuclides in these seafoods are routinely monitored, and 
the resultant committed effective dose equivalent calculated for the pur
poses of radiological protection. 

There is an increasing interest in the epidemiological aspects of risk and 
dose associate9 with identified critical groups and those living in the 
neighbourhood of nuclear facilities, but little attempt is made to consider 
their total exposure to radiation. In this respect it is of interest to 
compar~h dose assessment with those which could arise from naturally
occurring radionuclides present in s~afoods. For example, the concentrations 
of 210po in fish alone could result in about 0.1 mSv a-1, depending on the 
species eaten. In addition there are contributions from, in particular, 
226Ra and the uranium isotopes. The dose resulting from shellfish consumption 
is less readily calculated. Shellfish have higher concentrations of 210po 
than fish, but the quantities and range of species consumed is much more 
variable. These factors are discussed in relation to the committed dose 
equivalents which have been estimated for transuranium and fission product 
nuclides ingested in the neighbourhood of major nuclear establishments 
in the UK. · 
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APPLICATION OF PARAMETER UNCERTAINTY ANALYSIS 
TO THE ACCUMULATION OF Cs-137 IN FISH 

Sverker Evans 
Studsvik Energiteknik AB 

Nuclear Division, Environmental Protection, 
S-611 82 Nykoping, Sweden 

ABSTRACT 

A metabolic model was used to predict the accumulation of 
13 7 . l . ( 1 1 ) d l . f. t. Cs ~n p a:tce P euronectes p atessa L .. Mo e ver:t :tea J.on 

was executed using publl.shed results on the accumulation of 
137 

Cs from both from in situ measurements and from 

experimental setups. Uncertainty analysis was performed in 

order to determine the contribution from the separate model 

parameters to the total uncertainty for both the separate 

exposure pathways and for the body burden of 
137

cs in fjsh. 

Generally, the rnetaboljc regulation of 137cs in the gills 

create~ a large variation in the final outcome, Le. the 

concentration of 137cs in the fish. The model assumption 

regarding the uptake from water is also loosely supported, 

and priority should be given the study of this mechan1srn. 

The next most important parameters contributing to the 

variation 1n the body burden are the concentration of 137cs 

in the food, and the exponent relating metabolism to body 

weight. 
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CONCENTRATION FACTORS OF STABLE ELEMENTS AND RADIONUCLIDES IN PO 
RIVER FISH 

M. Achilli*, A. Bozzani+, G. Ciceri*, L, Guzzi+, G. Queirazza+ 

+ ENEL - Thermal and Nuclear Research Centre - Via Rubattino, 54 
20134 Milano (Italy) 

* CISE S.p.a., Via R. Emilia, 39 - 20090 Segrate - Mi (Italy) 

INTRODUCTION 

The concentration factors (CF) of stable Co, Cs, Mn, Fe, Zn 
and Sr in different fish from six stretches in the middle course 
of the Po river (N. Italy) have been investigated. The space-t1me 
variation in water has been followed for 14 months. The investi
gation has been undertaken to study CF variations in the same 
tish species as a function of the physico-chemJcal form of the 
different elements in water (dissolved, dissolved and exchangea
ble fraction of the particulate, total). CF values of 103Ru, 131 I 
and 1 34 - 137 Cs were also investigated for Cyprinus carpio reared, 
with artificial food, in two semi-natural environments. 

EXPERIMENTAL 

Trace elements concentration in water was determined by ICP
AES or AAS either directly (Sr) or after enrichment with NH4 
form chelex-100< 1 > (Mn,Fe,Zn,Co) or copper ferrocyanide< 2 >(Cs). 
Radionuclides were determined by gamma-ray spectrometry (Ge-Ll 
detector) after preconcentration on NCFC columns 137 Cs or on ion 
exchange resins. The exchangeable fraction and the total content 
of elements in the particulate (>0.4 ~m) was determined after 
leaching with 0.3 M HCl, or total acid digestion< 3 >. Trace ele
ments in fish were determined by ICP-AES (Fe, Mn, Zn, Sr) or AAS 
(Co, Cs) following wet digestion with HN03-HF-HCl04 mixture. Cs 
was separated before analysis, with copper ferrocyanide. Ra
dionuclides were determined by direct gamma-ray spectrometry. 

CF FROM FIELD OBSERVATIONS 

Po river water (<0.4 ~m) quality and trace elements content 
are reported in tab. 1. The analyzed species and their subdivi-
sion in different diets< 4 > are Planctivorus Alburnus 
alburnus alborella (sample size=?}: Carnivorus ft Barbus barbus 
plebejus(8), Cyprinus carpio(!), Perea fluviatilis(4), Lepomis 
gibbosus(5}, Ictalurus rnelas(3}, Tinea tinca(1), Rutilus rubi
lio(4}; Omnivorus = Carassius carassius(l), Leuciscus cephalus 
cabeda(l1), Chondrostoma sp. (l), Chondrostoma toxostoma(9), Chon
drostoma soetta(9), Gobio gobio(3), Scardinius erythrophthalmns 
(1), Padogobius martensi(l); Predator= Esox lucius (1}, Micro
pterus salmoides(3). 

Notwithstanding a 
ment concentrations in 
of variance; P<O. OS), 

space-time variability of some stable ele
water (Co, Zn, Sr) was observed (analysis 

the geometric mean on the all samples and 
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for each element was used to compute CF. 
CF values (wet weight) were computed for each species and 

trace element both for edible and not edible part. The Duncan's 
test showed differences among species (for the same element) of 
little significance; for this reason CF values were analysed only 
considering the feeding habits (tab. 2). Duncan's test on these 
data showed difference only for Zn, ~ 37 Cs and Fe (edible part); 
higher values for planctivorus (Zn and Fe) and both planctivorus 
and predator {~ 37 Cs) were obtained. For planctivorus fish 
(Alburnus a.a.) the data refers to the total sample. The Duncan's 
test was also applied to search differences between edible and 
not edible parts for each element. In this case differences were 
observed only for Sr (omnivorus and carnivorus) and Mn (omni
vorus). CF values for ~ 37 Cs are generally lower than those for 
stable Cs, thus suggesting the occurrence of a non equilibrium 
condition. CF values (edible part) were also evaluated (tab.3) 
according to the different physico-chemical forms of each clement 
in water (dissolved: <0.4 um; dissolved plus exchangeable frac
tion of the particulate; total). Only for Sr quite similar values 
were obtained; for the other elements higher CF values are ob
tained when the dissolved elements concentrations arc considered. 
The latter confirms the difficulty to compare experimental and 
literature data, also considering that, for some elements (e.g. 
Cs and Sr), CF are greatly depending on the water and sediment 
quality (e.g. trophic state, K and Ca concentration etc. )1 5 >. 

CF FOR RADIONUCLIDES IN CYPRINUS CARPIO AFTER CHERNOBYL ACCIDENT 

Cyprinus carpio were periodically collected after Chernobyl 
accident. Space-time variability of ~ 03Ru, ~ 3 ~1 and ~ 37 Cs concen
trations in edible and not edible parts as well as those in water 
(dissolved: <0.4 urn, solid phase: >0.4 ~m) are shown in fig. l 
for ~ 37 Cs. Only fish and water samples collected after May 12th. 
1986 were considered in computing CF (quasi-steady state condi
tion of radionuclides concentration in water). Geometric mean of 
CF data was computed,as suggested by De Bertoli ct al .1 6 >, for 
two different period of time. In the first period (30 days) equi
librium was not reached yet and ~ 37 Cs CF is only due to the 
direct contamination from water; the obtained val11e (CF~29) is in 
good agreement with homogeneous literature datal 7 >. Also in the 
second period (90 days), equilibrium was not yet completely 
reached, but the value for ~ 37 Cs (CF=74) include contamination 
both from water and foodl 7 >. CF values for ~ 03Ru and ~ 3 ~1. com
puted for the same period of time, agree fairly well with litera
ture data 1 8 > and, as the case of ~ 37 Cs, point out the occurrence 
of a non equilibrium condition. 
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Tab. 1 : Po river water (<0.4um) quality and trace elements content 

quality 
parameters 

Oz (ppm) 
T(°C) 
cond. (us em-• ) 
pH 
T.O.C. (ppm) 
Cl-
so .. 
P0 4 

N0 3 

Na 
K 
Ca 
Mg 
NH. 

100B.B 

-;::;- 1B0.B 
* * E 

" cr 
ID ._, 1B.B 

1.8 

8.1 

min max 

7.5 10.5 
7. 7 20.9 
74 437 
7.02 8.2~ 

2.2 3.7 
3.0 17.6 

23.0 7l. 6 
0. Oll 0.228 
4.4 18.4 
3. 7 20.~ 

1.6 4.7 
32.~ 67.8 
6.0 16.7 
0.02 0.69 

trace 
elements 

Co (ppb) 
Cs ( ) 
Mn ( . ) 
Fe ( . ) 
Zn ( . ) 
Sr ( ) 

137Cs ( Bq/m') 

sample geometric 
size men:n 0 min 

28 0.099 3.03 0.022 
20 0.010 1.69 0.004 
26 15.2 2 .ll ~.46 

28 4. 15 2.48 l. 17 
28 4.36 l. 94 l. 67 
28 339 1 . 3 2 238 

22 14.5 1.77 7.5 

PARTICULATE (WATER) 

DISSOLVED (WATER) 

EDIBLE FISH 
NON EDIBLE FISH 

/ 

max 

0.95 
0.027 

54.0 
4.01 

22.5 
591 

43.7 

1888.8 

1.8 

e .1 

84124186 05114186 06183186 06123186 07113186 88182186 88122186 

137 
Fig. 1: Temporal variations of the Cs concentration in Cyprinus carpio 

and in the Po river water 
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Tab. 2 - CF value~ (wet weight) for different feeding habits and elements 

PLANCTIVORUS CARNIVORUS OHNIVORUS PREDATOR 

TOTAL EDIBLE NOT EDIBLE EDIBLE NOT EDIBLE EDIBLE NOT EDIBLE 
Element 

n. mean n. mean n. mean n. mean n. mean n. mean n. mean 

Co 7 2420 23 3840 23 4140 33 3840 30 3840 4 4240 2 2320 
c~ 7 1000 24 680 19 970 32 900 30 760 4 330 2 980 
Hn 7 370 26 185 23 360 32 900 30 570 4 60 2 170 
Fe 7 10390 27 3950 24 6070 36 250 33 6190 4 2320 2 3570 
Sr 7 69 27 47 24 121 36 3930 33 160 4 24 2 110 
Zn 7 14700 27 3810 24 5410 36 4771 33 8170 4 2150 2 6580 

137 Cs 3 2050 10 360 9 310 
a-, 

12 510 9 521 1 (4870) 1 3060 

Ul 
~ 

Tab. 3 - CF valuee (wet weight) for feeding habits with reepect to different phyeico-chemical form 
of each element in water. l (dissolved). 2 (dissolved plus exchangeable fraction of the 
particulate matter), 3 (total). 

PLANCTIVORUS CARNIVORUS OHNIVORUS PREDATOR 
Element 

2 3 1 2 3 1 2 3 l 2 3 

co 2420 510 330 3840 810 520 3840 810 520 4240 890 380 
Cs 1000 530 38 680 360 26 900 470 35 330 170 13 
Mn 370 88 71 185 44 35 250 61 40 60 14 11 
Fe 10390 140 33 3950 53 lJ 3930 52 13 2320 31 7 
Sr 69 62 62 47 42 42 57 51 51 24 22 22 
Zn 14700 2850 2110 3810 1020 760 4771 1280 950 2150 580 430 

l..37Cs 2050 410 360 73 510 100 4870 970 



THE TRANSPORT AND DEPOSITION OF RADIONUCLIDES DISCHARGED 
INTO CREEK WATERS FROM THE RANGER URANIUM MINE 

A. Johnston, A.S. Murray, R. Marten, P. Martin. 
Alligator Rivers Region Research Institute, 

Office of the Supervising Scientist, Jabiru, NT, Australia 

INTRODUCTION 

The Ranger uranium mine in the AlliE;Ator Riv<"rs Region of Australia's 
Northern Territory has been operational since 1981. Critical pathway analysis 
has shown that water transport of radionuclides from the mine site could be an 
important route for radiation exposure of members of the public; in the short
term such exposure could be as a result of the direct discharge of effluent 
waters into the nearby Magela Creek and in the long-term as a result of 
seepage of water from tailings repositories or the transport of erosion 
products from the rehabilitated site. In order to estimate the radiation 
exposure of the public from such processes it is necessary to model the 
transport of radionuclides in the creek and its associated flood plain. 

Such a model has been developed for radionuclides in the particulate phase 
by studying the transport and deposition of naturally occurring radionuclides. 
The two major components of this program consisted of measurements of 
concentrations of all the long-lived nuclides of the uranium series in the 
waters of Magela Creek and in the sediments of the flood plain. 

RADIOACTIVE DISEQUILIBRIUM IN SURFACE WATERS 

The tropical monsoonal climate of the region is characterised by 
contrasting Wet and Dry seasons. The Magela Creek flows seasonally and during 
the Wet season flow can exceed 1000m3/s in periods of cyclonic depression. 
The significance of floods in the transport of suspended matter has been well 
documented for a number of rivers of the world and, in particular, for Magela 
Creek (Hart et al. 1982). The extent to which radioactive disequilibrium 
occurs in the particulate matter carried by the flood waters of Magela Creek 
has been used in this study as a means of identification of the source of 
sediments that have been deposited on the flood plain. Two floods were 
studied in detail; 19-21 February 1985 when a maximum instantaneous flow rate 
of 250 m3/s was recorded, and 10 April 1986 when the maximum flow rate was 
60 m3/s. Water samples were collected every 2 hours throughout the floods and 
both filtered and unfiltered (<0.45~m) samples were analysed by alpha-particle 
spectroscopy (Martin and Hancock 1987). 

The variation of total concentrations with time through the 1985 flood is 
shown in figure 1 for the isotopes 238u, 230Th, 226Ra, 210Pb, and 210Po. A 
pronounced peak is observed in the concentrations of 226Ra, 210pb and 210po 
about 10 hours after the start of the sampling program; this peak was in 
advance of the hydrograph which reached its maximum about 7 hours later. No 
such peak is observed for 238u, and for 230Th and 234u (omitted for clarity) 
there was only a slight enhancement of concentrations. The concentrations of 
all nuclides in the filtrate remained essentially constant throughout the 
flood. 
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Hart et al. (1982) observed a similar peak of total concentrations in 
advance of the hydrograph for suspended solids and the metals Mn, Zn and Cu in 
their study of flood events in Magela Creek during the 1978-79 Wet season. In 
the present context the main significance of the current data, however, is the 
demonstration of a substantial disequilibrium in the uranium series 
radionuclides between 230Th and 226Ra in the suspended matter carried by 
Magela Creek. 

The concentrations of 226Ra in the particulate matter of samples collected 
during the flood of 10 April 1986 were obtained both with respect to water 
volume and \>lith respect ro rhe mass of suspended matter. The former data 
again show a peak in the radionuclide concentrations in advance of the 
hydrograph but the latter remain approximately constant throughout the flood; 
the mean value and standard deviation were 220 Bq/kg and 40 Bq/kg 
respectively. Thus the peak in radionuclide concentrations during floods is 
attributed solely to the increased concentrations of suspended solids and not 
to any significant variation in the concentration of radium in the suspended 
material. Analysis of similar material collected outside of flood periods 
shows similar constancy of radium concentrations at about 210 Bq/kg and 
concentrations of 230Th of about 50 Bq/kg deduced from thorium systematics. 

RADIONUCLIDE CONCENTRATIONS IN SEDIMENTS 

Some 12 km downstream from Ranger the Magela Creek enters a floodplain 
system; in a typical Wet season the inundated area is about 200 km2. Average 
values of radionuclide concentrations were obtained on 19 transects of the 
creek and floodplain by combining two measurement techniques. A rapid 
quantitative assessment of the distribution of natural radionuclides 
(primarily 226Ra, 228Ra, and 40K) was provided by gamma-ray dose rate 
measurements. These dose rate data were then used to select a typical site on 
each transect from which sediment cores were obtained and subdivided into 3 em 
sections. These sections were analysed by gamma-ray spectroscopy (Murray et 
al. 1987) to obtain concentrations of 238u, 226Ra, 210rb, 228Ra, 228Th and 
40K; the standard error in the dose rate data for each transect was then used 
as an estimate of the variability of individual concentrations. The 
reliability of this technique was confirmed by detailed study of one complete 
transect. 

Concentrations of 238u and 226Ra in the top 3 em of sediment are plotted 
as a function of distance downstream from the beginning of the floodplain in 
figure 2. In the sandy creek region (x < 0) concentrations are, as expected, 
low. The absolute concentrations and the extent of radioactive disequilibrium 
observed at the southern end of the floodplain (0 < x < 5 km) agree very well 
with observations on the suspended matter carried by the creek. However, 
disequilibrium is not observed on the northern part of the floodplain 
(x > 20 km). Therefore, since sedimentation rates are (from geomorphological 
evidence) approximately independent of location, sedimentation in the northern 
region (which accounts for about 80% of the floodplain area) must have arisen 
from inputs other than Magela Creek even though this creek provides about half 
the volume of water entering the floodplain. 



INTERPRETATION 

These data have been interpreted within the context of a two-compartment 
model of sedimentation; input of particulate matter from Magela Creek with a 
concentration of radium Cm, and input from the remainder of the catchment 
with concentration Cr. The average concentration of radium in surface 
sediments at distance x, C(x), is then given by 

(1) 

where f(x) is the fraction of sediment at x that arises from deposition of 
parrienlRr<> mRt:t:<>r from Mae;ela Creek. The areal rate of deposition of radium, 
R(x), is related to both the concentration C(x) and to the rate of change of 
the radium load, L(x), in the water column; that is 

and 
R(x) 
R(x) 

pr(x) C(x) 
- (dL/dx)/w 

(2) 
(3) 

where p is the density of sediment, w is the floodplain width, and r(x) is the 
total sedimentation rate at x. 

The form of f(x) and the values of the variables Cm and Cr have been 
determined from the radium data in figure 2; f(x) is given by exp(-x/A) where 
the attenuation length A is 8.5 km, Cm ~ 190 Bq/kg and Cr = 50 Bq/kg. Thus Cm 
is in good agreement with the observed value of radium concentrations in 
particulate matter of Magela Creek, namely about 220 Bq/kg. Assuming r(x) 
does not vary substantially over the region 0 < x < 3 km, equations (2) and 
(3) can be solved to determine the current sedimentation rate, r, near the 
southern end of the floodplain. Thus r = Ls/(wAp) where Ls is the annual 
average load of suspended solids carried by Magela Creek. Using known values 
of wand Ls, 1 km and 5000 tonnes/y respectively, and the value of A deduced 
above gives r ~ 0.4 mm/y. This value is in good agreement with independent 
estimates using thorium-radium dating of floodplain sediments from the same 
location. 

CONCLUSION 

The principal conclusion of this work is that particulate matter from 
Magela Creek appears to contribute to sedimentation on only a small fraction 
of the 200 km2 flood plain. Using the value of A determined above, about 90% 
is deposited in the first 18 km of floodplain with an area of about 30 km2. 
Thus radionuclides released from Ranger in the particulate phase or which 
partition into this phase soon after discharge have a high probability of 
being retained within a small region of the floodplain system. 

Hart, B.T., Davies, S.H.R., Thomas, P.A. (1982). Transport of iron, 
manganese, copper and zinc by Magela Creek, Northern Territory, Australia. 
Water Res. 16. 605-612. 

Martin, P. and Hancock, G. (1987). Radionuclide analytical technique 
development. Alligator Rivers Region Research Institute, Annual Research 
Summary 1986-87. AGPS, Canberra. 

Murray, A.S., Marten, R., Johnston, A., Martin, P. (1987). Analysis of 
naturally occurring radionuclides at environmental concentrations by 
gamma-ray spectroscopy. J. Radioanalytical Nucl. Chern., in press. 
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CELLULAR AND SUBCELLULAR DISTRIBUTION OF URANIUM AND TRANSURANIC 

RADIONUCLIDES IN MARINE ORGANISMS. 

C. CHASSARD-BOUCHAUD *and P. GALLE* 

*Labo~ato~e de B~oiog~e et Phy~~oiog~e de~ O~gan~me~ m~~,Un~v~~c P.et 
M.C~e, 4 pia~e J~~~eu, 75252 P~ Cedex 05,Fhan~e. 

*VepaJU:emerU: de Mede~~ne Nuuea~e et Labo~o~e de B~ophy~~que, Fa~uue de 
Mede~~ne, 8 ~ue du Gene~ai S~a~, 94000 C~e~~' F~an~e. 

Since radionuclides have been introduced in the marine environment by se
veral ways (nuclear weapons tests, nuclear fuel cycle operations,accidental 
releases) ,it is a topic of interest to assess radionuclides bioavailability to 
marine organisms, in particular to those of economic interest such as shellfish. 

Cellular and subcellular distribution of 238u, 239 Pu and 241 Am was exami
ned by means of microanalytical techniques in several organisms:oysters,mussels, 
shrimps,crabs and sea spiders collected from the French coastal waters (Channel, 
Mediterranean Sea and Atlantic Ocean).Secondary Ion Mass Spectrometry (Ion Mi
croscope and Ion Microprobe) made possible to obtain isotopic measurements 
and cellular images of the radionuclides distribution. A post-acquisition ima
ge processing system was used in association with SIMS for multi-image corre
lation. X Ray Spectrometry (Camebax: Castaing Microprobe associated with a 
Transmission Electron Microscope) enabled investigations at the subcellular 
level. 

Using both of these techniques,we were able to detect in every species, 
target organs (Fig.1 to 5),cells and organelles (Fig.6,7 and table)of radionu
clides bioaccumulation and to elucidate some of the physiological strategies 
involved in the uptake, storage and elimination3of these radioactive elements, 
concentration factors ranging from 10 to 2 X 10 . 

Compared to other analytical techniques (histoautoradiography, radioche
mistry etc ... ),microanalysis, for which not much biological material is nee
ded, provides accurate advantages such as a high sensitivity and very short 
term investigations, for the ecotoxicological control and watch of radionucli
de pollution in the marine environment. 

REFERENCES: 
D.Calmet,S.Charmasson,J.M.Willemot,M.Verry,C.Chassard-Bouchaud,R.L.Inglebert, 
M.Outrequin and P.Galle,1987, 239-240 Pu levels in Mussels Mytilus sp.collec
ted from the French coasts: a radiochemical and microanalytical study.C.R.Acad. 
Sc.Paris,304,serie III,9,p.199-206. 
C.Chassard-Bouchaud, 1983, Cellular and subcellular localization of uranium in 
the Crab Carcinus maenas: a microanalytical study. Marine Pollution Bull. ,14, 
4,p.l33-136. 
C.Chassard-Bouchaud, 1987, Ion Mocroscopes and Microprobes in Marine Pollution 
Research, Analytica Chimica Acta,195,p.307-315. 
P.Galle and R.Masse,1982,Radionuclides: metabolism and toxicity,Masson ed., 
Paris, 321 p. 
Tw wo~h WM ~uppoued by CNRS,INSERM (S.C.27)and ~he F~en~h M~~uy oz) ~he 
Env~onmen~konUaet 84244) wdh ~he ~oUabohation oz) ISA RIBER I~uumenU 
(M.OuUeq~n,R.L.1ngfeb~),CEA(I~~~ de P~o~e~tion e~ de S~e~e Nu~fe~e) 
and ~he ~e~hn~~ai M~~~an~e oz) F.E~~a~g,P.Boumati,F.Kfunbau~ and J.~~Md. 
We thanh V~.J.F.CaveU~~ z)o~ w a~~~tan~e to SIMS Image P~o~~~~ng. 
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Sea Spider Maia ~q~nado (Channel), Digestive gland.( 200 ~m full horizontal scale) 

Ion probe images obtained from the same area (RIBER MIQ 156), 1: 40ca+,2: 239 Pu+ 

Elements appear as bright points in the biological section. 

ORGANELLES LYSOSOME SPHEROCRYSTAL 

(DIGESTIVE GLAND) (KIDNEY) 
ELEMENTS 

u 2750 :: 221 1820 :: 217 

p 3020 :: 247 1937 :: 215 

TABLE 

My;tUu~ edui--0., 
Efec_:Uw n p!Lo be X Ray m_{_c_fLOanafy~lh ( CAMEBAX) o 6 :the o!Lgane.Ue.~ ~ hown -<-n 
F-<-gUJLe.~ 6 and 7 (c_ou~ng ;t_{_me : 100 ~e.c_.) .In these organelles,uranium is 
associated with phosphorus in the form of an unsoluble phosphate. 
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Mussel My~Uh edu£~ (Channel) ,Digestive gland.(200 ~m full horizontal scale) 

Ion probe images obtained from the same area (RISER MIQ 156),3: 197 Au+, 4: 238 u+, 

5: 239Pu+. On the Au image,biological section appears dark and the gold of the 

specimen holder appears as bright points.On the U and Pu images,the elements ap

pear as bright points in the biological section. 
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6:Electron image showing a lysosome with microneedles of uranium phosphate(un

stained and non osmicated section).X Ray emission spectra of P and U,obtained 

from this lysosome are shown on each side. 

?.Electron image showing spherocrystals where uranium phosphate is concentrated. 
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MEASURED DEPOSITION VELOCITIES AND RAINOUT COEFFICIENTS AFTER THE 
CHERNOBYL ACCIDENT COMPARED WITH THEORETICAL MODELS AND 

EXPERIMENTAL DATA 

H. Bonka, H.-G. Horn, M. Maqua 
Lehrgebiet Strahlenschutz in der Kerntechnik, RWTH Aachen 

INTRODUCTION 

The determination of different radioecological parameters 
for the calculation of the transport of radionuclides in the 
environment was, besides radiation protection measurements, an 
important aim of the post Chernobyl measurements in Aachen. As 
the growth had just begun, the only vegetations which allowed 
extensive deposition measurements during the first days were 
grass and stinging nettles. 

DRY DEPOSITION OF PARTICLEBOUND NUCLIDES AND RADIOIODINE ON GRASS 

Fig. 1 shows the time integrated activity concentration in 
the air at Aachen for Cs 137 and I 131; the concentrations of 
other important nuclides are published in /1/. About 35% of the 
total amount of iodine was bound to particles. The elemental 
fraction of the gazeous iodine was derived from /2/, /3/. Besides 
iodine, all nuclides detected in Aachen were particlebound. The 
activity size-distributions of the particlebound nuclides were 
measured with an impactor. The graphs (also given in Fig. 1) are 
the result of these measurements. They are corrected for the 
separation curves and the wall losses of the instrument. The 
deposition of airborne radionuclides on a green near the insti
tute was measured hourly. Until the first raintall (6.30 p.m., 
3rd of May) the deposited activity of particlebound nuclides 
(e.g. Cs 137, fitted curve on the left hand side of Fig. 2) 
increased continuously. The dry deposition on extremely short or 
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Fig.1: Time-integrated activity concentration of Cs 137 and I 131 
and activity size distribution for some particlebound 
radionuclides in the air at Aachen /1/. 
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long grass yields to strong variations in the deposition per unit 
ground area (points in brackets in Fig.2). The strong variation 
of the deposition of Cs 137 per unit ground area after the rain 
is mainly caused by the inhomogeneous distribution of the partic
les on the grass and the small sampling areas. The variation of 
the specific activity is much smaller /1/. In contrary to the dry 
deposition of particlebound nuclides, the concentration of I 131 
on grass showed two peaks before the rainfall (right hand side of 
Fig. 2). This peaks can be explained with desorption of that part 
of the gazeous iodine, which was not taken up into the plants' 
tissue. The desorption after sunrise could have been caused by 
the evaporation of the intense overnight dewfall. The extreme 
decrease of the iodine concentration in the air in the afternoon 
of May 2 (after the passage of the maximum concentration) could 
have influenced the desorption too. In addition to the deposition 
measurements on grass, a very early deposition on stinging net
tles is shown in Fig.2, too. 
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Fig. 2: Measured 
I 131 on 

depositions per unit ground area for Cs 137 and 
grass at Aachen, specific activity see /1/. 

The measurements allow the calculation of the deposition 
velocity by dividing the deposited activity per unit ground area 
(from Fig. 2) by the time integrated activity concentration in 
the air (from Fig. 1). The result of this calculation -for the 
single measurements as well as for the fitted curves- is shown in 
Fig. 3. In the case of Cs 137, the deposition velocities range 
from 0.025 to 0.11 cm/s, including the deposition on extremely 
long and short grass. The mean is approximately 0.07 cm/s. As the 
separation of deposited particlebound iodine from gazeous species 
was not possible, the measurements only allow the derivation of a 
deposition velocity for the total amount of iodine. Ignoring the 
peaks in Fig. 2, the deposition velocity is around 0.15 cm/s 
(crosses and dashed curve in Fig. 3). If the peaks of the iodine 
deposition are included, the deposition velocities range from 
0.13 to 0.28 cm/s. In order to predict the dry deposition, models 
have been developed during the recent years /4/. These models 
take account of the activity size distribution of particlebound 
radionuclides, the wind speed and the kind of vegetation. On the 
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right hand side of Fig. 3, the deposition velocity for grass 
resulting from the model is shown for three different wind 
speeds. Additionally, the means and ranges of published experi
mental data /4/ are shown. With the aid of the measured activity 
size-distributions (Fig. 1) and the wind speeds during the period 
of dry deposition, deposition velocities can be calculated. As 
the monitored wind speed ranged from 2 to 4 m/s, the calculated 
deposition velocity for Cs 137 lies between 0.03 and 0.07 cm/s 
for grass of 10 em height. This corresponds very well with the 
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Fig. 3: Deposition Velocities for Cs 137 and I 131 on grass as 
results of the measurements and model calculations /4/. 

deposition velocities derived from the post-Chernobyl measure
ments. Model calculations with the activity size-distribution of 
particlebound I 131 from Fig. 1 yield to nearly the same deposi
tion velocity for particlebound I 131 as for Cs 137. With a 
relationship between particlebound, elemental and organical io
dine of 35:20:45 /2/, /3/, thus the deposition velocity for 
elemental iodine can be estimated. It turns out to be approxima
tely 0.7 cm/s (without the peeks of grass contamination). Consi
dering all measured grass contaminations, the deposition velocity 
for elemental iodine ranges from 0.5 to 1.2 cm/s. The specific 
activity of I 131 on leaves was nearly the same and the specific 
activity of the particlebound radionuclides nearly two times 
higher than the respective specific activity on grass on May 2. 

WET DEPOSITION OF PARTICLEBOUND NUCLIDES AND RADIOIODINE 

During the first rainfalls, the activity concentration in 
the rainwater was measured as a function of the rainfall intensi
ty. As there was no information about the distribution of the 
radionuclides with height, a rainout coefficient can only be 
estimated. The washout was small compared with the rainout. 
Assuming a homogenous distribution from ground level to the top 
of the clouds and taking account of the extension of the cloud 
layer (from 1400 to 12000 m; reported from meteorologists for the 
first rainfall on 3rd of May in Aachen) leads to the x-values 
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plotted in Fig. 4. These x-values correspond to the rainout 
coefficient if the height depending activity concentration is 
constant. They are within the usually expected range. Mean wash
out coefficients ~(I) can be calculated with the aid of the 
measured activity size-distributions and the modelled ~(d,I) 
shown in Fig. 4. For the first rain, these mean washout coeffi
cients have nearly the same proportionality to the rainfall 
intensity as the estimated x-values for rainout. From this fact, 
it can be concluded that the rainout was dominated by incloud 
scavenging processes while nucleation was not of importance. For 
the second rainfall, the proportionality shifted to a smaller 
exponent (a=0.56). This can either be the result of a change in 
particle size distribution or a greater importance of nucleation. 
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RELEVANT NUCLIDES AND EXPOSURE PATHWAYS FOR THE RADIATION EXPOSURE 
IN THE VICINITY OF THE REPROCESSING PLANT AT WACKERSDORF, FEDERAL 

REPUBLIC OF GERMANY 

A. Weinig, A.D. Brenk*, R. Gasteiger, H. Hauske 
Deutsche Gesellschaft fUr Wiederaufarbeitung von 

Kernbrennstoffen, Hannover, Federal Republic of Germany 
*Brenk Systemplanung, Aachen, Federal Republic of Germany 

1. The Reprocessing Plant 

The Deutsche Gesellschaft fUr Wiederaufarbeitung von 
Kernbrennstoffen mbH (DWK) [German Nuclear Fuel Reprocessing 
Company] plans the construction and operation of a plant for 
reprocessing spent mixed oxide fuel elements, having a mean daily 
throughput of 2 t of nuclear fuel. Besides the infrastructure 
facilities the plant will consist of the following parts: 

- fuel element receipt store 
- reprocessing and waste treatment plant 
- waste storage facility 

The main design parameters for the reprocessing plant are shown in 
Table 1. Table 2 contains the proposed upper limits for the annual 
radioactive discharges in liquid effluents and exhaust air. 

The first part-license for constructing the plant was given 
by the licensing-authority on 24.09.1985, and the plant has been 
under construction since 11.12.1985. 

Active commissioning of the fuel reprocessing plant is 
planned for 1997. 

The site for the reprocessing plant is located near the 
village of Wackersdorf in Bavaria, approximately 150 km North-East 
of Munich and about 80 km East of NUrnberg. 

2. The Radiation Exposure in the Vicinity of the Wackers
dorf Reprocessing Plant (WAW) 

2.1 Relevant Nuclides 

In the spent fuel elements is a great number (approximately 
150) of radionuclides (fission products, transuranics) with 
different radiotoxicity and radioactivity. 

In view of the radiation exposure in the vicinity of the WAW 
however, only 14 nuclides are of importance. Considering the 
construction of the plant and applying the exposure model 
published in the ICRP-publication Nr. 26, the following nuclides 
contribute about 99 % of the total radiation exposure: 

H-3, C-14, Kr-85, Sr-90, Ru-106, I-129, Cs-134, Cs-137, 
Pu-238, Pu-239, Pu-240, Pu-241, Am-241, Cm-244. 



2.2 Calculation of the Reference-Radiation Exposure 
(discharges in exhaust air) 

The calculation of the radiation exposure is based on a 
calculation procedure, which is obligatory in the Federal Republic 
of Germany: 

General Principles of Calculation of the Radiation Exposure 
Resulting from Radioactive Effluents in Exhaust Air and in 
Surface Waters 
(Guideline under Art. 45 of the Radiological Protection 
Ordinance), published by the Minister of the Interior. 

Principal assumptions of the assessment of the radiation 
exposure are: 

operation of the plant for 50 years 
disregard of non radioactive depletion of nuclides on the 
soil 
residence in the area of maximum exposure during the whole 
year 
support with foods exclusively originating from the area 
worst affected 
neglection of decontamination-effects during the preparation 
of food 
uncommon quantities of food-consumption 

The following table shows the calculated maximum radiation 
exposure in comparison with the limits according to the Radiation 
Protection Ordinance in the Federal Republic of Germany for the 
organs Whole Body, Bone and Thyroid: 

Exposure Calculated Limit according 
Organ [uSv/y] to Rad.Prot.Law [uSv/y) 

Whole Body ICIJI 300 

I 
Bone 1 800 

I Thyroid I i~~ . 900 

2.3 Relevant Exposure Pathways 

Figures 1 and 2 demonstrate the relative percentage of single 
exposure pathways in the total exposure for bone and the thyroid. 
85 % of the total exposure of the bone are caused by the nuclide 
Sr-90 and 92 % of the total exposure of the thyroid are caused by 
the nuclide I-129. 

3. Discussion of the Calculated Reference Radiation 
Exposure 

The calculation of the reference radiation exposure is based 
on the "obligatiory procedure" to be certain, that the exposure in 
reality will always be less than the calculated values. 

Is that also true for the site of the reprocessing plant at 
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Wackersdorf, too? 
This question will be answered by the example of the thyroid 

exposure with I-129. 

In reality, each parameter used in the calculation shows a 
great variation. This is illustrated by the deposition-velocity of 
Iodine on vegetation (Figure 3) and the milk-consumption of the 
critical population group (farmers) (Figure 4). 

The great variability of the model parameters was taken into 
consideration by a statistical model. For the following parameters 
the site-specific variability was taken into account: 
Meteorological conditions, fall-out, wash-out, transfer factor 
soil-plant and food consumption. The correlation between single 
parameters was also taken into account. 
The result of this statistical analysis is shown in Figure 5. 
It demonstrates, that the reference radiation exposure close to 
the site with great probability (99,9 %) includes the expected 
"real" exposure • Consequently the application of the "obligatory 
procedure" leads to an overestimation of the "real" exposure. 

Table 1: Main Design Parameters for the Reprocessing Plant 

Mean burn up 
Maximum burn-up for all FE 
for individual FE 
Coding period of 
FE before reprocessing 
Mean daily throughput 
of the plant 
Maximum yearly through
put of the plant 

40.000 MWd/t 

55.000 MWd/t 

7 years 

2 t of nuclear fuel 

500 t of nuclear fuel 

Table 2: Proposed Upper Limits for the Annual Radioactive 
Discharges 

Exhaust Air Liquid Effluents 
Nuclide Effluents Nuclide Effluents 

[Bq/a] [Bq/a] 

H-3 1,5 E15 H-3 3,7 E13 
C-14 1,3 E13 
Kr-85 1,6 E17 
I-129 1,85 E9 I-129 1,0 E8 

Beta-Aerosols 5,4 E10 Beta-Nuclides 1,33 E10 
without H-3 

sr-90 7,9 E9 Sr-90 1,7 E9 
cs-137 1,3 E10 Cs-137 2,6 E9 

Alpha-Aerosols 1,4 E9 Alpha-Nuclides 4,44 E8 
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SIMULATION HODEL PREDICTING CONTAMINANT SPREAD DUE TO 
RADIONUCLIDES RELEASED FROH NUCLEAR POWER PLANTS 

Kousuke Katsurayama 
and Fukui Prefectural Committee on Nuclear Safety 
University of Kinki Higashi-osaka-shi Osaka-fu JAPAN 

INTRODUCTION 
Presently there are 12 units of nuclear power plants in 

operation (1-BWR,10-PWRs,1-ATR). 3 units under construction 
(2-PWRs,1-FBR) in Fukui Prefecture located near the center of the 
.Japanese Archipelago.Environmental radioactivity and radiation 
surrounding these plants has been studied and it has been 
confirmed that the released radioactive waste is not detrimental 
to the environment. 

However, we need to know the future contaminant spread in 
order to judge whether it is necessary to make any changes in 
regulations. While it is not possible to evaluate the future 
contaminant spread by means of environmental monitoring alone. 

Therefore, a three-dimensional finite model (Fukui Prefectural 
Hodel) for evaluating the contaminant spread, has been developed. 

PRINCIPLE OF HODEL 
The purpose of this research is to investigate the behavior 

of radionuclides,especially C0-60,which has been mainly released 
from nuclear power plants and validate the appl icabi I ity of 
numerical model. 

This model includes: 
(1) Transport mechanisms 

+advection and dispersion of radionucl ides due to water 
movement 

+deposition of radionucl ides accompaning with settlement of 
suspended matters 

+vertical diffusion of radionuclides in the interstitial water 
in sediment 

(2) Radionucl ide decay term 
(3) Adsorption/desorption with sediment 

Contaminant movement in coastal area can be expressed by the 
diffusion equation derived from mass conservation equation. 

Assuming the sorption phenomenon consists of the reversible 
adsorption on sediment grain and the irreversible adsorption sink 
to sediment, then the sorption model combined with a I inear 
isotherm and a first order kinetics can be used: 

aQ=Kac+k·C 
a t a t 

where, 
Q:the concentration of the radionucl ide in the solid phase[Ci/g] 
C:the concentration of the radionucl ide in the I iquid phase[Ci/g] 
K:The distribution coefficent[cni/g] 
k: The rate coeff i cent of the first order k i net i i c [ cni /g • s] 

We measured the K value by the batch experiment, though it 
depends on many factors such as clay minerals in sediment and the 
temperature of sea water. 

It is clear through environmental monitoring that coastal 



sediment and interstitial water in top layer are continuously 
stirred with wave movement or the activities of I iving things. So 
the sediment layer was divided into a mixing zone and a statio
nary zone.Horeover ,the mixing zone was divided into zone I and 
IT which has more moderate mixing effect. The concentration in the 
interstitial water in the mixing zone I is assumed to be equi
valent to that in sea water. 

< Fig-1 concept of coastal sediment > 
0 r----------t----.. c 

z 

} mtxing zone 1 

J ,;,;ng zone n 

stationary zone 

C:concentration in the interstitial water 
Z:depth 

VALIDITY AND APPLICATION 
To evaluate the propriety of this model and predict the 

behavior of radionucl ides ti I I 2000 , the contaminant spread of 
Co-60 resulting from the nucler power plant was calculated in the 

Tsuruga P/S No.2 
Bay of Wakasa 

• • • 
Tsuru a P/S No.1 

Tsuruga Peninsula 

<Fig-2 location of Nuclear P/S> 
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area of the Bay of Urazoko(1.5kmx 700m) in front of Tsuruga Power 
Station (BWR;357HW) . The co-60 concentrations of about 0.02~ 1 
pCi/g ·dry-sediment have been detected in the bay where the 
radioactivity was released so enormously at the beginning of the 
plant operation. 

The model constitution and parameter used are as follows, 
0 Sea water current 

The water current is composed of a tidal current,an ocean 
current and a wind driven current,etc.These currnts are important 
for predicting the contaminant spread in sea water. 

Material transport in sea water should be sorted out accord
ing to the duration considerd. 

Fukui Prefectural Hodel treats long-term prediction of 
spread, so short-term phenomena such as a periodic current and a 
turbulent are neglected. Then the flow pattern in a steady state 
was simulated at first in this model as follows. 
(1) The current directions are observed periodically in the 

surveying sea area and categorized into patterns with 
considering simultaneity. 

(2) Then the frequency of the patterns is measured. 
(3) For patterns occurring at a comparatively high frequency,the 

average flow vectors are calculated. 
(4) The flow patterns achieved by the above are treated as the 

steady flow of the subject sea area and simulated by using a 
three-dimensional steady flow model. 

The grid i nterva I is 50m x 50m or 200mx 200m and the 
differential time is 20 seconds for the finite difference method. 
0 Distribution coefficent 

The K is measured for several kinds of coastal sediments at 
5 ·c, 15"C, 2a·c. The degree of adsorption K is 120~ 19000 and 
desorption K of 2000 ~ 34000 (cni/g). 

The concentrations of co-60 both in sea water and in sedi
ment were calculated using the super computer CRAY 1. 

< Fig-3 Concentration of Co-60 in the Sediment> 
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CONCLUSION 
(1) The results estimated by the finite difference calcula-

tion wei I coincide those of sea bottom measured by a ~e(Li) 
semi-conductor. 

so this model seems to be useful to evaluate and predict 
the behavior of released I iauid radionucl ides. 

(2) The average concentration of co-60 in mixing zone has 
decreased simply since 1979. The half decreasing rate is about 
five years that is almost the same as the half I iffe of Co-60. 
So it shows apparently that the released Co-60 is not newly 
adsorbed to coastal sediment. The concentration wi II be reduced 
to one-tenth of the present concentration in 2000. 

The reasons are mainly, 
I the released co-60 from Tsuruga Power Station unit No.1 has 

decreased since 1978. 
II Tsuruga Power Station unit No.2 and Fugen Power Station 

have been intaking the circulating water of about 90·ni/s from 
the Bay of Urazoko and discharging it to the Bay of Wakasa. 
The former station has been doing so since 1986 and the 
latter since 1978. So the desorption from sediments has been 
promoted in the Bay of Urazoko by replacing sea water. 

(3) The contaminated sediment near the discharge outlet of 
Tsuruga Power Station unit No.1 has been moving to the mouth 
of the Bay of Urazoko.But the migration of sediment itself is 
not considerd in this model, so the calculated concentrations 
are a I ittle bit less than those measured near the discharged 
point. 

(4) It became evident that about 25% of the total released 
Co-60 was accumulated in the Bay of Urazoko in 1978. But it 
wi I I reduce to only 5% in 2000. 

Fukui Prefectural Committee on Nuclear Safety 
Horinobu Kokubu(Japan Atomic Energy Research Institute), Toshinori 
I ij ima(Japan Atomic Energy Research Institute), Hasami Fukui (Kyoto 
University) and Shigeo Uchida(National Institute of Radiological 
Sciences) 
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DISPERSION AND RESUSPENSION FACTORS OF RADIOACTIVE DUSTS 
DERIVED FROM AIR MONITORING DATA IN JAERI 

Hiroshi MATSUI, Yoshio IKEZAWA, Yukio IZUMI, Hiroyuki TOMII, 
Jun'ichi ONODERA, Yutaka ANAZAWA, Hozumu YAMAMOTO and 

Yoshikazu YOSHIDA 
Department of Health Physics 

Japan Atomic Energy Research Institute 
Tokai-mura, Naka-gun, Ibaraki-ken, Japan 

INTRODUCTION 

Dispersion factor of radioactive dust is necessary for de
signing an exhaustive air cleaning system and for improving 
procedures of operation. Resuspension factor of radioactive 
particles deposited is also necessary for estimating the degree 
of radioactive air contamination due to the resuspension of 
surface contaminants during the maintenance or the decontamination 
of contaminated provisions and floors. This paper describes the 
dispersion and the resuspension factors derived from radiation mon
itoring data in radiation works which have been made in JAERI. 

DISPERSION FACTOR 

A dispersion factor, E, of dusts is determined by the follow
ing equation (l), and related to the radioactivity released to the 
atomsphere, Q, from an unsealed radioactivity handling facility. 

E D!Qo ( l) 

Q ( 2) 

where D is the radioactivity dispersed in air, Q0 the total radio
activity contained in the treated part, Fd the deposition fraction 
of particles to the duct and other components, and n the filtra
tion efficiency of an air cleaning system. 

a) Dispersion factor of fission product dust 

In the cells of Hot Laboratory irradiated fuels of nuclear 
reactors or irradiated experimental materials are cut and polished 
for their post-irradiation test or metallurgical examination. The 
dispersion factors of each nuclide contained in fuels were meas
ured by Yamamoto et al. [l] and Izumi et al. [2]. They were 
measured in the cutting of irradiated metal uranium fuel rods with 
burn-up from 390 to 600 MWC/T and cooling time from a few month to 
a year [l], and with another conditions of burn-up from 2800 to 
5200 MWD/T and cooling time from 300 to 500 days [2] . The cutting 
was conducted pouring a cooling oil into the cutting part (wet 
method), and the ventilation rate in the cells was 40 times/h. 

Table l shows the geometric mean, Eg, and the geometric 
standard deviation, Zg, of the dispersion factors. The recom
mended values for the design of air cleaning systems are shown in 



the table comparing both data and considering the accuracy of 
measurement. 

Table 1 Dispersion factor of fission product dust 

Nuclide 

I 131 
Cs-137 
Ru-103 
Ba-La-140 
Ce 141,144 
Zn-Nb-95 
Sb-125 
Pu-239 

Yamamoto et 

3.3 E-03 
1.1 E-03 
5.5 E-04 
5.5 E-05 
3.9 E-05 
5.7 E-05 
1. 0 E-03 
9.9 E-05 

al' s [ 1] 

3.3 
2.8 
2.4 
9.1 
2. 9 

11 
4. 7 
5.2 

Izumi et al's[2] 
Eg L:g 

2.0 E-03 3.6 

2.5 E-04 '"' 1 L..l. 

3.5 E-02 2.1 

Recommended 

4 E-02 4 
2 E-03 4 
6 E-04 3 
2 E-04 ! 4 
4 E-04 3 I 

2 E-04 4 
4 E-02 3 
2 E-04 4 

b) Dispersion factor of the radioactive dust produced in cutting 
of pipes 

Some stainless steel pipes in the primary cooling systems of 
Japan Power Demonstration Reactor were cut in the reactor dis
mantlement. The inner surface of pipes was uniformly contaminated 
at a density of 1.9 x 10 5 Bq/cm 2

• The dispersion factors in the 
cutting and the particle size distributions were measured [3]. 
The cutting was carried out by using a band saw in the simple con
tainment house made of PVC sheet, where the air was ventilated at 
a rate of 8 times/min. The main nuclide was Co-60 which was a 
composition of crud deposited inside the pipes. 

The geometric mean, Eg, and the geometric standard deviation 
L:g, of the dispersion factors measured are 

L:g = 1.7 

and the size distributions of dispersed particles are 

dg = 6.8 ~ 8.0 ~m, L:g = 1. 7 ~ 1. 9 

The dispersion factor for the pipe cutting [3] is from one to 
two order of magnitude higher than those for the fuel cutting [1], 
[2]. This seems to be attributed primarily to the difference 
between dry method and wet method. 

c) Dispersion factor of the radioactive dust from a compactor for 
radioactive solid waste 

Low level incombustible radioactive solid waste which was 
generated in reactor buildings, nuclear material handling facil
ities and chemical laboratories were reduced in volume by a com
pactor, canned into 200 liter drums and stored in a storage build
ing. Radioactive dusts in the pressing were dispersed into treat
ment room from the wastes. The dispersion factors in these opera
tions were measured [4]. The ventilation rate was 14 times/min. 

The geometric mean, Eg, and the geometric standard deviation, 
L:g, of the dispersion factors measured are 
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Eg = 5.3 x lo-s, Zg = 4.1 

This dispersion factor is different in nature from those for 
the cutting of fuels or pipes, because of the completely different 
generation mechanisms. 

RESUSPENSION FACTOR 

A resuspension factor, K, of radioactive particles deposited 
is obtained by the following equation: 

K = C/S 

where C is the air concentration of radioactive dust particles and 
S the surface contamination density. 

a) Resuspension factor related to the decontamination of hot cells 

One of measurements of resuspension factor was made at the 
No.6 cell of Reactor Fuel Examination Facility [5]. In the cell 
various irradiated fuels from nuclear power reactors are cut and 
polished for the metallurgical examination, and thus the floor and 
the wall are extremely contaminated with the dispersed radioactive 
dusts. For the periodical inspection of the facility and the 
interior provisions the cell is decontaminated. In the decontami
nation the radioactive particles deposited on the floor and the 
wall are blown up into the air to cause the air contamination. 
The ventilation rate in the cell is 50 times/h. 

The resuspension factors were measured in relation to the type 
of work: decontamination, transfer of provisions, radiation survey, 
and no operation. Figure 1 shows the plot of measured values of 
the factors onto the logarithmic probability paper. As seen in the 
figure, the geometric mean resuspension factor without work is Kg = 
2.3 x 10- 8 cm- 1 (Zg = 4) and is fairly close to Chamberlain et 
al. 's measurements [6]. The mean factor in decontamination of the 
floor and the wall is Kg = 1.8 x 10- 6 cm- 1 (L:g = 3), and is about 
two order of magnitude higher than that without operation. In 
transfer of provisions or radiation survey the factor is between 
those in decontamination and without operation. This is because 
the resuspension of deposited particles is based on workers' move
ment and the contact surface area between the workers and the 
floor is fairly smaller than that in decontamination. 

b) Resuspension factor in repair of plutonium handling facility 

The break of negative pressure in a glove box of plutonium 
handling facility happened to result in the serious contamination 
of the floor of room with plutonium powder (PuOz). The resuspen
sion factors of the plutonium powder in the temporary mending 
work were measured for estimation of the air contamination pro
duced in the further repair work and the selection of respirators 
to be used [7]. 

Two workers wearing self-contained air ventilated blouses en
tered the simple containment house made of PVC sheet to seal 



leakage of the glove box. The volume and the contaminated surface 
in the house were 6m 3 and 2m2

, respectively, and the ventilation 
rate is 10 times/h. The floor was almost uniformly contaminated 
at a density of 1.7 x 10 3 Bq/cm 2

• The results are 

K = 4 X 10- 8 ~ 2 X 10- 7 

and the size distribution of resuspended particles is 

6.4 ~ 26 ]Jill, og = 2.3 ~ 2.7 

Thi::; upercttiun i::; ::;imilctL tu tLctHSfeL uf I:J.LOvisiOHS uL .radia
tion survey in the hot cell stated in a) of this chapter and 
therefore the resuspension factors are close to each other. 
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TEST OF EXISTING MODELS ON THE LONG-TERM RADIOACTIVE 
CONTAMINATION OF FOODSTUFFS THROUGH FIELD MEASUREMENTS 

ON WHEAT CROPS 

G.Campos Venuti~*~, f*rmbrog~ini(~l, G.Mariutti(*), 
S.RlSlCa , S.Slmula 

(*) Physics Laboratory, Istituto superiore di Sanita, Rome, ITALY 
(o) Istituto Sperimentale per la Patologia Vegetale, Rome, ITALY 

The processes of uptake through plant roots and deposition of 
resuspended material onto vegetation have longly been recognised 
as the main routes of the transfer of radioactive contamination 
from soil to vegetables. It is well known/1-2/ that the predic
tions of existing models of such processes are strongly affected 
by uncertainties related to the complexity of several chemical and 
biological processes which rule the transfer. The radioactive 
contamination caused by the Chernobyl plume is a chance of testing 
the existing models on the dynamics of radionuclides in the 
environment in order to improve the assessment of the environ
mental consequences of nuclear accidents. 

The Italian National Institute of Health (ISS), with the 
collaboration of the Istituto Sperimentale per la Patologia 
Vegetale (ISPV), has planned a research devoted to the study of 
the transfer of caesium from agricultural soils to wheat crops. 
The choice of wheat has been motivated by its relevance in the 
Italian diet (about 110 kg/y for adults/3/). 

The main features of the experimental methodology adopted are: 
i) selection of soil plots for which it is possibile to get 
information about meteorological conditions and ordinary culture 
practices; ii) sampling of soil in order to determine the distri
butions of cs-134 and cs-137 at various depths; iii) chemical 
analysis of soil in order to measure the acidity, the content of 
clay and organlc matter, the concentrations of exchangeable 
calcium and potassium; iv) sampling of wheat plants during their 
growth up to the harvest; v) determination of the specific acti
vities of Cs-134, Cs-137 and K-40 in various components of the 
wheat (namely, straw, chaff, bran, shorts, red-dog and flour) in 
order to study the translocation of caesium and potassium inside 
the plant, in particular inside the grain. 

The gamma spectrometry of all the samples has been performed 
with an intrinsic Ge (resolution 1.95 keV, efficiency 38%). 

Two soil plots, belonging to the ISPV, have been selected near 
Rome (labelled hereafter as soil I and II). In Table 1 the values 
of the specific activities of cs-134 and Cs-137, measured in 
samples taken in July 1986 after the harvest, are reported. 

In ref./4/ it has been shown that the observed distribution of 
Cs-137 in the selected soil plots arises from two different 
contributions, namely: i) a uniform component due to the fallout 
relative to the nuclear weapon tests in the sixties; ii) an 
exponential undisturbed component due to the fallout of the 
Chernobyl plume. It turned out that/4/ the total deposition in 
1986 (vegetation+ soil) can be estimated to be equal to ~400 
Bq/m2 in both soil plots. 

In Fig. 1 the Cs-137 specific activity measured in 5-cm thick 
samples of soil I taken in July 1987 is shown. It can be seen that 



Table 1. Specific activities of Cs-134 and Cs-137,in Bq/kg, of 
soil samples taken in July 1986 after the harvest (errors with 
a 95% confidence level). 

depth soil I soil II 
{em) Cs-134 Cs-137 Cs-134 Cs-137 

0 - 2 4.8 + • 4 18.7 + . 5 3.4 + . 5 16.4 + .7 -
2 - 4 1.1 + . 5 11.4 + . 5 1.4 + . 3 11.3 + . 5 
4 - 6 1.0 + . 3 9.9 + . 5 < . 3 9.1 + .7 
6 10 -:-2 9.2 . 5 . 2 8.6 

-
.5 - < + < + 

10 - 14 < . 2 9.2 + . 5 < . 2 8.0 + . 6 
14 - 20 < . 2 9.5 + . 5 < . 2 8.4 + .6 

after one ploughing the distribution of Cs-137 is not completely 
uniform, whereas the drop after 45 em is clearly connected to the 
depth of the disturbed soil. 

13.11 H-
Bq/kg -+- • Cs-137 

111.4 

7.8 

5.2 

2.6 
-+--

11.0~------~------~------~------~~~=-~ 
11 12 24 36 48 611 

depth in soil (eM) 

Fig. 1. Distribution of Cs-137 in samples of soil I taken in 
July 1987 after the harvest (errors with a 95% confidence 
level). 

In Table 2 the results of the chemical analyses of samples of 
soil I and II are reported. It should be pointed out that both the 
concentrations of exchangeable cations and the content of organic 
matter are different in the selected soil plots. This difference 
is expected to play a role in determining the caesium and potas
sium content of wheat plants in 1987. 

After the harvest in July 1986 the specific activities of 
Cs-134, Cs-137 and K-40 have been measured in several samples of 
various components of the wheat plants. The results of the gamma 
spectrometry for the varieties CRESO (durum wheat) and MEC (tender 
wheat) are shown in Table 3. 

It can be seen that the distributions of Cs-134, Cs-137 and 
K-40 are not uniform within the wheat plant, as it is known also 
for other non radioactive elements. In particular, the specific 
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Table 2. Results oi the chemical analyses of the selected soil 
plots. The acidity, the percentage (in weight) of clay, slime, 
sand and organic matter, the concentrations of some exchan
geable cations are reported. 

Soil I 
Soil II 

Soil I 
Soil II 

pH 

7.8 
6.3 

K 

537 
465 

% clay % slime % sand % 

33 35 32 
37 17 46 

Exchangeable cations (ppm) 
Na Sr Ca 

31 37 21 
116 106 36 

organic matter 

2.8 
1.5 

Mg Rb 

222 1.4 
690 13 

Tah1e 3. Specific activities of Cs-134, Cs-137 and K-40,in 
Bq/kg (fresh weight) measured in samples of various components 
of the varieties CRESO (durum wheat) and MEC (tender wheat) 
harvested in July 1986 (errors with a 95% confidence level). 

Component CRESO (durum) MEC (tender) 
Cs-134 Cs-137 K-40 Cs-134 Cs-137 K-40 

straw 49+2 97+3 231+ 50 38+7 85+8 336+123 
chaff 42+5 93+7 204+101 83+6 174+8 < l25 
bran 54+2 114+2 335+ 37 69+4 us+s 423+ 61 
shorts 27+2 54+2 186+ 26 37+2 76+3 315+ 36 
red-dog 14+1 30+1 78+ 15 14+1 32+2 69+ 24 
flour 16+1 34+1 112+ 15 s+1 16+1 < 3s 
grain 25+1 so+2 129+ 19 20+1 40+2 107+ 18 

activities are higher in straw ana chaff as well as in the exter
nal components of the grain (namely, bran and shorts). The ratio 
between the Cs-137 specific activity observed in the grain and the 
estimated total deposition on soil turns out to be equal to ~ 0.1 
m2 /kg. This value is just twice the value predicted by the compar
timental models FOOD-MARC/5/ and ECOSYS/6/. However, in our 
opinion such a discrepancy should be traced to a non precise 
knowledge of some parameters appearing in the mentioned models, 
like the dependence of the initial interception factor on the 
growth stage. 

In 1987 the sampling of four different varieties of wheat has 
been carried out periodically from April to the harvest in July. 
The samples have been dried at 130 °C for 24 h before measuring 
the activities. The ratio between the dry and the fresh weight of 
the samples varies with the plant growth going from 20% in April 
up to 80% - 90% at harvest. The specific activity of Cs-134 was 
below the sensitivity threshold (about 0.4 Bq/kg) in all the 
samples. The Cs-137 specific activity measured in samples of wheat 
plants collected in April 1987 was within the range 1 - 2 Bq/kg 
(d.w.). After the ear emergence (occurred approximately at the end 
of April) the specific activity of Cs-137 dropped below 1 Bq/kg 
(d.w.); measurements with better sensitivity are in progress. In 



Table 4 the values of the K-40 specific activity measured in the 
collected samples of wheat plants are shown. 

Table 4. Specific activity of K-40 (in Bq/kg d.w.) measured in 
samples of the varieties CRESO (durum), MEC (tender), LATINO 
(durum) and ANIENE (tender) collected from April to June 1987 
(errors with a 95% confidence level). 

sampling date CRESO MEC LATINO ANI ENE 

2/4/87 803 + 19 881 + 23 960 + 24 901 + 19 - -
15/4/87 657 ~ 17 1173 + 28 
15/5/87 673 + 13 664 + 14 728 + 15 785 + 15 

5/6/87 338 + 7 463 + 9 486 + Q 475 + 15 
25/6/87 163 + 4 286 + 8 301 + 7 283 + 7 

It can clearly be seen that after the ear emergence the plant 
growth drastically reduces the K-40 specific activity. It should 
be pointed out that the K-40 specific activity found in the last 
sampling (25/6/87) in the variety CRESO, which growths in soil II, 
is about one half of the corresponding values relative to the 
other three varieties, which growth in soil I. In our opinion the 
final data, including also the time evolution of the Cs-137 
specific activity up to the harvest, will allow a meaningful 
comparison with the corresponding values predicted by the existing 
dinamical compartimental models on the soil-to-plant transfer. 
Furthermore, it will be possible to add information on the rela
tionship between soil composition and caesium or potassium levels 
in wheat crops. 
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NATUHAL ANU AHTlFlCIAL LEVELS OF RADIOACTIVITY IN SOIL OF CAMPANIA 
REGIOl-.i 

GlctlH_:cttlu Glalanella, 
Pepe' f{. Speranza 

Maddalena Napolitano, Vincenzo Roca and 

Dlpctl LJ.ntenlu d1. J:' lSlCa Nucleare, Struttura della Materia e Fisica 
~ppl1.cata- Un1versita' di Napoli- Napoli (ITALY). 

The ground rad1oact1vity is generally ascribed to: il the 
ncttural radlatlon present in soil and, iii the artificial 
J.ctdlUIJUclJ.des orlglnated by nuclear weapons tests, accidental 
1.eleases from nuclear power and industrial plants. The 
redlbLrJ.butlon of natural radioactivity related to agricultural 
mctnagement and the use of fertilizers presenting a high 
concentrcttlon of rad1oelements lref.ll must be also considered. The 
aim of the present work was to investigate the various components 
of Lhe ':)round rad1oactivity in Campania, a region of Italy, 
includ1ng the recent Chernobyl fall out. 

Campctnia 113,600 Km~l is a south Italy region lying between 
Lhe Appenn1nes and the Tirreno sea. It consists principally of 
tltree ctreas: the calcareus area of the Appennines, a flat country 
by the sea conta1n1ng three volcanic groups IRoccamonfina, Campi 
Flegrel and vesuvlol and some alluvial soils, and finally the 
Cllenlo h1gh land, rich in karst-formations. Samples of soil 10-5 
cml cullecLed from 19 sites around the region (FIG. 11, in the 
perlod May 20, June 5, 1986, were analyzed for gamma-ray activity 
by us1.ng a 20~ eff1c1ency and 2,1 KeV resolution (at 1.33 MeV) 
GeiLll detector and a multi channel analyzer. The spectra were 
ctnalyzed uff-llne by the automatic code CERNUC lref.2l. 

Three major natural gamma radiation sources were identified: 
·'''K, Lhe Uran1um and the Thorium decay series. The most intense 
members of the radioactive families are shown in table I. 4 °K 
accounted fur more than 50% of the total activity. The sites 
nearest to the volcanic areas 11,2,3,14 and 151 presented a higher 
level uf radioact1vity. In rows 20 and 21 the results of the 
•~easurements performed on samples of two fertilizers, mineral 
superphusphctLe and potass1c sulphate, are reported. The first 
fertlllzer contained a very high concentration of the Uranium 
fctllllly members and some of the elements of the Actinium serie, not 
detected ln the soil samples; the second one presented a 4 °K 
activity of 23 KHq/Kg. Nevertheless the use of both fertilizers has 
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no influence on the soil radioisotopic concentration. In fact, no 
difference was found between cultivated and uncultivated soils. 
Therefore local var1ations of the radionuclide concentrations are 
to be attributed to geolog1cal and geochemical differences. 

The measured high values of the Cesium radioisotopes are to be 
attributed to the Chernobyl accident. Measured radionuclides (ref 
3> with short half lives are not reported here since they do not 
present any long term consequence. The observed dispersion of the 
values is probably due to the very irregular orographic profile of 
the Campania region, the lucctl meteorological conditions during the 
fall out per1od and the different physical and chemical properties 
of the soils. The actual mean concentration of l 37 Cs was found to 
be 107 Bq/Kg. The average ratio l 37Cs/l 34Cs was greater than the 
estimated rat1o (equal to 2> for the activity released from the 
reactor. This 1ndicates that some amount of l 37 Cs was already 
present in the so1l, produced by previous atmospheric nuclear 
tests. As the half life of the l 34Cs is 750 d, the presence of this 
isoto~e is only due to the Chernobyl release. Assuming l 37Cs/l 34Cs 
= 2 at May 1, 1986 we obtained that 94 Bq/Kg were a consequence of 
the Chernobyl acc1dent, wh1le the remaining 13 Bq/Kg were pre
existent. Tak1ng 1nto account the depth and the average density of 
the su1.l samples (1.J87 g/cm 3

), we assessed the total l 37 Cs fall 
out to be 89 TBq (6.5 KBq/m 2 ). The uncertainty due to the 
d1fferences among sample dens1ties and sampling procedures was 
evaluated around JU~. It lS of some interest to calculate the 
awouuL of Lh1.s element 1n the environment immediately after the 
exper1.ments of the s1xties. An indirect estimation of this 
conceulr·aLJ.on may ne der1ved by analysing the content in matrices 
wlllch have a h1gh eff1ciency for retention of 137Cs. It is well 
known that.. rhe llchens have this peculiarity (ref.4l. For this 
reason, samples of l1chens (Stereocoulon Vesuvianum) were collected 
at.. Llte Vesuv1.o \altltude .:i7U,490,580, 780,960 ml in three different 
L.tmes \Uct.ober ~8 and December 5, 1986 and October 5,1987). Their 
''''Cs mean contents were 2016±203,1868±240 and 1776±166 Bq/Kg, 
respecL1vely. As done for the soil samples, we calculated the 
cuntt·rLuL.tun of tne tall out before the May 86 (403 Bq/Kg). 
2er.Lurm1.ng a 11near least square fit of the logarithm of the 137 Cs 
•ctlues versus Llme, we obta1ned an effective half life of the 
rsoLope 1n the l1chens of 6.1±0.9 y, corresponding to a biological 
!tctlf l1.£e uf i'.b!l.L y. tes1ng the measured effective half-life, the 
1 ''cs level 1n 1970 can be extrapolated obtaining a value of 2600 
Bq;hg. 

lne ground doses related to the mean concentration of 137 Cs 
ctHLt LJte mean act1v1ty of natural radionuclides contained in a layer 
vf .J L.ltl ui LO!J surl 1-1ere 0.12 nSv and 2.38 mSv, respectively. 
Al; iluLH:Jll lfl Lllese est1nat.1ons we took inlo account only one of the 
J:-'U'>.~"-uie fJctlllWctys ol tn•" dose to the man, the comparison is helpful 



for a better understanding of the real impact of the Chernobyl 
accident. 

The authors are grateful to Dr P.Adamo for the sampling of the 
lichens. This research was partially supported by the regional 
Government of Campania. 

Table I. Radioisotope concentrations (Bq/Kg) at different sites in 
the Campania region. 

1 111 
2 156 
3 234 
4 227 
5 126 
6 69 
7 168 
8 61 
9 123 
10 53 
11 44 
12 179 
13 51 
14 160 
15 17 
16 168 
17 39 
18 23 
19 33 
20 * 
21 * 

40 
64 

106 
110 

68 
30 
76 
20 
54 
14 
19 
88 
23 
78 

3 
78 

9 

7 
lU 

503 
488 
629 
128 

61 
269 
128 

54 
144 

52 
91 

273 
211 
381 
211 
332 
142 

81 
JU7 

lbLb 

346 
394 
588 

75 
45 

202 
167 

35 
48 
51 
73 

115 
74 

151 
153 
106 

79 
j') 

161 
1017 

4 

294 
347 
484 

78 
54 

188 
159 

36 
47 
51 
41 
85 
59 

116 
151 
104 

76 
46 

167 
925 

7 

144 
148 
118 

73 
68 

142 
153 

51 
78 
91 
88 

145 
174 
231 
206 
159 

89 
38 

152 
14 

5 

l<i'.F:t:RENCES 

141 
179 

84 
54 
65 

159 
141 

43 
93 
88 
74 

174 
164 
240 
141 
100 

84 
28 

134 
18 

4 

118 
245 
114 

93 
69 

115 
95 
37 
62 
57 
41 

158 
105 
150 
145 
171 

60 
15 

115 
8 102 
5 

150 

2590 
3135 
2801 
1622 
1340 
2498 
2279 

992 
1650 
1289 
1084 
2384 
2198 
2888 
2335 
2042 
1304 
1014 
2291 

- 23051 
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EVALUATION OF THE RADIOLOGICAL IMPACT DUE TO THE OPERATION OF 
NUCLEAR POWER STATIONS IN ARGENTINA 

Oliveira, A.A.; Curti, A.R.; Nollmann, C.E. 

Comision Nacional de Energia Atomica <CNEAl, Argentina 
Gerencia de Proteccion Radiologica y Seguridad Nuclear 

INTRODUCTION 

There are at present in Argentina two commercial nuclear 
power stations in operation, Atucha I And Embalse, generating 
about 10% of the total electrical energy output. Atucha I NPP, 
equipped with a pressure vessel reactor, has an output capacity 
of 345 MW<el, while Embalse NPP is equipped with a Candu-type 
reactor and its output capacity is 670 MW(e). Both plants operate 
with natural uranium as a fuel, and heavy water as a coolant and 
as a moderator. 

Atucha I is located at the right side of the Parana de las 
Palmas river, 100 km from Buenos Aires city, and Embalse is 
situated at the homonomous town in the province of Cordoba, 620 
km from Buenos Aires, next to the Embalse del rio Tercero lake. 

GASEOUS AND LIQUID EFFLUENTS 

During the operation of both nuclear installations, 
radioactive fission and activation products are produced. These 
radioactive materials are for the most part retained within the 
fuel elements. Most of the radionuclides which diffuse into or 
are formed within the coolant are removed by the gaseous and 
liquid waste processing systems. Low-level releases which occur 
during normal operation are controlled and monitored. 
Radionuclides may reach the environment through either the 
gaseous or liquid effluents streams. 

GENERAL PROCEDURE FOR DOSE ASSESSMENT 

In this report, the terms individual dose and collective 
dose are used to mean individual and collective effective dose 
equivalent commitment respectively. 

The general principles followed in assessing individual and 
collective doses for both nuclear plants are similar to those 
used by UNSCEAR (ll. The type of models used are those called 
concentration factor or equilibrium models, where steady state 
among nuclide concentrations in different environmental 
compartments was assumed. In this approach, simple multiplicative 
coefficients were used to obtain the concentration of 
radionuclides at the point of intake by man <2>. Dosimetric 
factors were taken from published reports <3,4). 

Local data, 
possible, such 
habit data. 

either site specific or regional, was used when 
as transfer factors, ingestion rates and other 
Default values presented in specialized 
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reports were used in case of lack of site specific data 121. 

As the actual dose equivalents received by members of the 
public vary widely depending on such factors as age, sex, dietary 
and other habits, as well as on variations in their environment, 
appropiate critical groups were identified. These groups are 
representative of those individuals in the population expected to 
receive the highest dose equivalents from the installations under 
consideration. The individual doses in the critical groups 
estimated in this report, represent the mean effective dose 
equivalents , assuming the most unfavourable conditions. These 
values are used to comp~rc with the corresponding individual dose 
equivalent limits fixed by the Regulatory Authority. 

The collective dose commitment represents a measure of total 
exposure of the population over time from a given release and 
it is usually considered as an indicator of the total detriment 
to health from the consequent irradiation. Modelling procedures 
were similar to those used for estimates of individual doses, and 
the concentrations of radionuclides in environmental compartments 
extending over large regions were estimated 151. Global 
assesments include only H-3 and C-14, because of the small 
contribution to these evaluations due to Kr-85 and 1-129 releases 
ft'om th.~se plants r 1 I. 

RPleases activity and composition were informed by the 
nuclear power plants operators, accordingly to the licensing 
requirements established by the Regulatory Authority. 

RESlfLTS 

Individual and collective doses were calculated for both 
nuclear installations, by using the previously described 
methodology. The corresponding values are presented in tables 1 
and 2. The main contributors to individual doses in critical 
groups and regional collective doses are H-3, Kr-88, Xe-133 and 
Xe-135 for gaseous releases, while H-J, Co-60 and Cs-137 
are the most relevant nuclides in assessing doses due to liquid 
discharges. 

Global collective doses for H-3 and C-14 were calculated by 
using measured and estimated releases 16,71. These collective 
dose commitments, per unit electrical energy generated, are 1 man 
Sv/GWiel .a and 7E-02 man Sv/GWiel .a,for H-3 releases from Atuchal 
NPP and Embalse NPP respectively. The corresponding values for 
C-14 gaseous discharges were estimated to be 46 man Sv/GWiel .a 
and 37 man Sv/GWiel .a 

CONCLUSIONS 

The regulatory authority in Argentina has fixed the pair of 
values 0.3 mSv/a and 15 man Sv/GWiela as upper bounds for 
limiting the annual exposure of individual members of critical 
groups and for the collective dose commitment per unit electrical 
energy generated during the operation of nuclear power plantsiBI. 



The above collective dose commitment is the incomplete quantity, 
integrated over the period of the practice, assumed to be several 
centuries 1500 years). The results presented in this report are 
well below the limiting values for individual doses. The 
normalized global collective doses estimated for C-14 are lower 
than expected values, 11), but higher than the present upper
bound, which was not standing during Atucha I NPP and Embalse NPP 
designing period. Besides, much more data, particularly from 
continous monitoring, are needed before a reliable assessment of 
the C-14 release rate and its environmental impact can be made. 

Ou the other hand, as an application of th~? optimization 
requirement to C-14 releases, a retention system will be 
installed at the third Argentine nuclear power plant, Atucha II, 
at present under construction (9). 
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YEAR 

1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
:l983 
1984 
19135 
1986 

YEAR 

1974 
1975 
10.....,, , I 0 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 

TABLE 1 
INDIVIDUAL DOSES IN CRITICAL GROUPS CSv/al 
ATUCHA I NPP EMBALSE NPP 

ATMOSPHERIC LIQUID TOTAL 
RELEP,SES 

ATMOSPHERIC LIQUID 
f':ELEASES RELEASES REl_EASES REl_EASES 

6.0E-07 5.8E-07 1.2E-06 
~.:E-07 1.6E-06 1.8E-06 
2. 1E-06 2.5E-06 4.6E-06 
1.4E-06 1 . SE-06 2 . 9E-;06 
3.4E-06 1. lE-06 ·1-. 5E-06 
~-
·-'. 1E-06 1 6E-06 4. 7E-06 
2.8E-06 1 2E-06 4. OE-06 
1.3E-06 1 .3E-06 2.6E-06 
1. 4E-06 8.7E-07 2. 3E-06 .,. lE-06 6. 4E-07 3.7E-06 ·-' .. 
'7'. OE-07 9.6E-07 1. 9E-06 1. 6E--08 1. 6E-07 
1 .2E-06 8. 9E-07 2. lE-06 4.8E-07 1. :::;E-06 
1.5E-06 7. OE-07 2.2E-06 2. 4E~-07 5. r.SE-06 

TABLE 2 
COLLECTI'v'E DOSES CREGim~ALl (mc;n.Svl 

ATUCHA I NPP EMBALSE NPP 

ATMOSPHERIC LIQUID 
RELEASES RELEASES 

1 7E-02 1. SE-02 ,, 
SE-04 7.3E-02 .. ::... 

6. BE-02 1. 4E-01 
4. 7E-02 2. 4E-01 
1. OE-01 2. 4E-01 
9. 2E-02 2. BE-01 
9. 2E-02 3. OE-01 
4. OE-02 4. 1E-01 
4. BE-02 3. OE-01 
1. OE-01 2. 4E-01 
3. OE-02 4. OE-01 
3. 7E-02 3. 7E-01 
4. 2E-02 2. 6E-01 

TOTAL 
RELEASES 

..,. SE-02 ._:: .. 
7.3E-02 
2 .. 1E-01 
2 .. 9E-01 
..,. 4E-01 ...; ... 
3.7E-01 
..,. 9E-01 ·-· .. 
n SE-01 ...... 
3. 5E-01 
..,. 4E-01 ._;., 

4. 3E-01 
4. 1E-01 
3. OE-01 

G8o 

ATMOSPHERIC LIQUID 
F~ELEASES 

1 2E-04 
4. 7E-03 
1 11:0:--02 

RELEASES 

5.6E-03 
1. 5E-02 
8.9E-02 

TOTAL 
RELEASES 

' ~ . 8E-07 
1 . 7E-06 
5.8E-06 

TOTAL 
F\ELEASES 

5.7E-03 
2.0E-02 
1, OE-01 



SOME EXPERIENCE WITH MEASUREMENTS OF STACK RELEASES AND THEIR 
CORRELATION WITH ENVIRONMENTAL MEASUREMENTS. 

Dr. J. Czarnecki 
Swiss Nuclear Safety Inspectorate, Wurenlingen 

The first nuclear power plants (NPP) in Switzerland were built 
during the late 60-ties and the early 70-ties (PWR-Beznau and BWR
Muhleberg). A new generation of NPPs were built ten years later 
(PWR-Goesgen and BWR-Leibstadt). In all these NPP special atten
tion was given to the sampling and measurements of the releases of 
radioactive materials, in particular long lived aerosols and 
J-131. The sampling systems at the Swiss NPP were originally in
stalled on the basis of the "American National Standard Guide to 
sampling Airborne Radioactive Materials in Nuclear Facilities", 
(ANSI NI3, 1 - 1969) or equivalent standards such as ISO 2889 and 

DIN 25423. Unfortunately, the sampling systems described in these 
guides cover only that fraction of radioactive aerosols, which is 
preferentially retained in various portions of the respiratory 
tract (0.3 to 10 ~m). In a NPP one can expect during an accident a 
very wide range of particles with diameters as large as 100 and 
more ~m, which can be transported away by the stack effluent and 
may not be properly sampled and measured. It should be taken in 
account that there are some non filtered rooms and that filters 
can fail or even break. Such particles when released cause a 
ground contamination in the vicinity of the plant. Such an event 
occurred in September 1986 in the NPP-Muhleberg. 

1. THE MUEHLEBERG EVENT 

Periodic measurements made in the years 1985 and 1986 in the 
vicinity of the plant, indicated traces of Co-60 (30 - 70 Bq/m2) 
It was assumed that they were due to the routine plant releases. 
This nuclide was practically never found in the fallout of the 
atomic bomb tests. 

In September 1986 [1], a further y-spectrometric measurement 
in the vicinity of the plant indicated a contamination of Co-60, 
Cs-137 and Cs-134. This relatively high Co-60 (550 Bq/m2) contami
nation indicated an unusual release of radioactivity from the 
plant. It was difficult to interpret the Cs-137 and Cs-134 contam
ination as a plant release, since the Cs-137 and Cs-134 levels 
were generally increased due to the Chernobyl fallout. The aerosol 
monitor in the stack exhaust did not indicate abnormal radioactiv
ity releases. Spectrometric analyses of the aerosol grab sample 
filters of the stack have shown traces of Co-60 too, but did not 
indicate any abnormal aerosol releases. 

The plant exhaust ventilation system was inspected downstream 
of the aerosol High :Efficiency Particulate Filters. Massive con
tamination of ducts was discovered, including the exhaust stack. 
The contamination consisted of radioactive resin particles. The 
source of the contamination was identified as a centrifugal hy
droextractor for resins, which was connected to the exhaust venti
lation system through a prefilter. The prefilter was broken.Within 
the exhaust HEPA-filter system, 15 of 136 filter cells were found 
failed. However, the weekly records of ~p-measurements across the 
filters did not clearly indicate whether and when a filter had 
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failed. If one or two cells are leaking, the local flow increases 
and the ~p of the filter assembly does not change significantly. 

2. MISINTERPRETATION OF THE MEASUREMENT RESULTS 

The y-spectrornetric measurements of the stack aerosol filters 
are made weekly. The highest measured weekly peaks in April and 
September were about 3 · l 0 7Bq, thus they did not indicate any ab
normal release. The weekly limit is 3.7·109 Bq. Since the highest 
peaks were still 100 times smaller then the weekly limit, no at
tention was paid Lu Lhe;;e peaks. Particles with diameters of 50 11-m 
and more did not reach the sample filter and were found deposited 
in the horizontal parts of the sample line at 120 rn. A careful in
terpretation made after the incident has shown a direct correla
tion of the measured y-peaks with the use of the centrifugal hy
droextractor to dry spent resin powders. 

It is very probable that if a careful analysis of the measured 
peaks had been made before the incident, it could have been pre
vented. The environmental measurements, mentioned above, were the 
only indicators of the incident. 

3. ENVIRONMENTAL IMPACT 

The total estimated amount of radioactivity released is 
1.1·1010 Bq. The corresponding release limit for aerosols is 
1.8·1010 Bq per year. The release consisted of: 40 % Cs-137, 50 % 
Cs-134, 7 % Co-60, 3 % Zn-65. The contamination of the ground was 
limited to a distance of 1 krn. Milk production of nearby farmers 
was controlled, but no restrictions were necessary. 

The dose rate measurements in the two prevailing wind direc
tions (east-west) have shown an increase, especially in the west 
direction of about 45 nSv/h. Table 1 gives the quarterly net dose 
data for the years 1985 and 1986 measured with the existing net
work of the thermoluminescence dosimeters (TLD) in the vicinity of 
the NPP. These data were obtained with use of the method of the 
site specific parameters (SSP) [2]. This method gives a possibil
ity to obtain the net doses within an error of ± 20 j.!Sv/quarter 
and about± 40 ~-LSv/year (3 S.D.).The estimated average of the 
Chernobyl fallout dose for 1986 in the vicinity of the NPP-Muhle
berg is about 70 j.!Sv ± 40 11-sv. The higher doses on some measure
ment points (*) are probably due to the Muhleberg event (Fig. 1). 

4. LESSONS LEARNED 

4.1 The Muhleberg event has shown that sampling systems must 
be designed to identify a wide range of airborne particulates. Not 
only particles which will be preferentially retained in various 
portions of the respiratory tract, but also those which can be 
transported away by the stack effluent flow have to be taken into 
account. 

4.2 Any changes of the measured results from the steady state 
level must be interpreted and explained. 
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Table l. Net dose data of the TLD-network obtained in the years 
1985 and 1986 in the vicinity of NPP-MUhleberg (wSv). 

1985 ( ± 20 wSv) Total 1986 ( ± 20 w Sv) Station (±40 wSv 
I. II. I I I. IV. 1985 I. II. I I I. IV. 

1 . Niederruntigen -7 -12 2 6 -12 -8 45 51 56 
2. Siedlung WKW 4 2 7 -1 12 -6 31 35 51 
3. Fuchsenried -23 -17 -7 9 -37 6 24 25 22 
4. Eiau 5 -15 -9 7 -12 

1-1 ~ 24 18 29 
5. Leimeren -16 44 -18 -1 9 -9 4 5 
6. MUhleberg -3 3 -13 -4 -17 I 4 

23 22 23 
7. Wileroltigen -6 0 8 0 2 -2 18 20 18 
8. hin. Rewag 15 l1 -1 3 28 -15 15 16 18 
9. Ufem Horn -1 -17 0 2 -16 8 41 38 100 

10. Salvisberg -4 -8 18 2 9 12 39 38 26 
11. Aebnitacher 10 -23 2 2 -9 8 37 22 33 
12. &ittenried 12 3 13 7 34 -4 31 35 24 
13. Marfeldingen 14 -14 11 9 20 4 54 32 38 
14. Oberruntigen -3 40 -5 -9 24 -7 31 33 25 
15. Talmatt 1 -17 -4 -7 -27 12 39 20 22 
16. Frieswil 2 31 5 -12 26 3 17 4 9 
17. Murzelen 1 -10 -9 -14 -32 -4 17 13 8 
average net dose -- -- -- -- -- -- 28 25 30 

Total 
(±40 wSv) 
1986 

152* 
117* 

71 
11 
0 

68 
56 
49 

179* 
103* 

92 
90* 

124 
89 
81 
30 
38 
83 1 

1) This value includes an average calculated Chernobyl contribution of about 
70 uSv ±40 uSv for the year 1986. The higher doses at some measurement 
stations (*) are due to the NPP-MUh1eberg event in September 1986. 

4.3 A redundant, preferably diverse sampling and monitoring 
system should be installed. An example of such a system, which 
will be backfitted in the NPP-Muhleberg, is shown in Fig. 2. This 
has two isokinetic nozzle systems each with their own independent 
monitoring apparatus. One of the systems is installed very near to 
the sampling nozzles, thus having very short sample lines. Both 
systems have particle separators (PSep) combined with on-line mon
itors for particles with diameters greater then 10 ~m. 

In addition, on-line monitors for small particles are avail
able in each sampling system. The filters of the particle separa
tors and the in-series installed grab sample filters provide 
representative particulate samples for laboratory analysis. A spe
cial arrangement is forseen for efficiency tests of the whole sam
pling and monitoring systems. 

4. 4 The environmental impact of the Muhleberg incident is 
low. Nevertheless, this event has shown that sensitive environmen
tal measurements provide a useful detection capability for such 
incidents. 

4.5 It should be stated that NPPs with intact HEPA-filters in 
almost all effluent paths, can be practically free of emission of 
radioactive particulates. An intensified surveillance programme 
has been adopted for the HEPA-Filters in the Swiss NPP to guaran
tee this emission free situation. 

References 
1. Incident Reporting System No. 728, OECD Nuclear Energy Agency 
2. Czarnecki J., Health Physics Vol. 45, (July), pp. 173-179, 1983 
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Fig. 1 Net dose measured in the vicinity of the 
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RADIONUCLIDES SORPTION STUDIES IN EZEIZA SOILS 

Siraky, G.; Le~is, C.; Hamlat, S.; Nollmann, C. 

Co~isi6n Nacional de Energia At6~ica 
Gerencia de Protecci6n Radiol6gica y Seguridad 

Republica Argentina 

1. INTRODUCTION 

The safety evaluation of a radioactive ~aste disposal system 
requires the estimation of its radiological impact. For that purpose, 
the study of the isolation capacity of the different barriers -either 
natural or man-made ones- ~hich delay the delivery of the 
radionuclides into the environment is necessary. This report is 
related ~ith the study of the delay capacity for Caesium and Strontium 
of the natural barrier ~here the lo~ and intermediate radioactive 
~aste disposal trenches are placed at the Ezeiza Atomic Center. 

2. SORPTION MEASUREMENTS 

The use of the dlstribution coefficient I Kd I was considered 
the. best aproximation to the estimation of the degree of radionuclides 
sorption in geologic material, taking into account.the great number of 
its limitations, associated with it character of empirical parameter 
of a natural system and, therefore, with several factors that affect 
it. 

r::-,e distribution coefficient 
' 

defined as follo;.,•s: 

Concentration of the radionuclides in solid phase 
Kd 

Concentration of the radionuclides in liquid phase 

represents a constant of equilibrium and includes a complex number of 
reactions or geochemical and biochemical processes, generally named 
sorption 141. Besides, there are other factors that influence the 
delay, such as diffusive processes, colloids filtrations or hydrated 
complex species and migration of particles. 

Due to the large number of variables that affect the determination 
of the sorption of nuclides in geologic materials, it is impossible to 
controle all of them in an unique experience. Owing to this 
circumstance, it appears as an useful parameter the Kd coefficient, 
meassured in similar conditions to the media in study, varying 
successively the essay conditions. Besides, the Kd variations due to 
the factors related to the essay methodol·ogy have to be estimated. 

A batch technlc has been used in the experimental Kd 
determination, according to the following standard conditions: 
~~~tQRi~at~i~: extracted from the layer in contact with the free 
aquifer (11,<21; liouid/solid ratio: 25 crn3 of traced 
groundwater I 1 g of-d;y-g;;l;gi;-;;t;;i;l; £Q~£~~~~~~i~~-~f-~~~£~~~ 
i~~=lll--~~~-~~=£~L-~~~-i~~£~iY~-£~~~i~~~: see table 3.1; £Q~~~£~-~i~~: 

hour; separation of phases: centrifugation, at 20000 g during one 
hour; ~li: 8; ~~~~~~~~~~~--Qf_~h~-~~~~~~~~~~~-~QL~~iQ~: T spectcmetry 
13 I. 

* This work was done as part of the Research Contract N°4189/RB 
with The Tnternational Atomic Energy Agency. 
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Besides essays ~ere carried out in order to evaluate the probable 
experimental errors intoduced in the Kd determination, and the 
variation of parameters of the experience. 

3. CALCULATIONS 

The experimental estimation of the Kd value is calculated as: 

Where: Ai 
Af 
v 
p 

( Ai - Af l V 

Ar • P 

Initial activity in the contact solution 
Final activity in the contact solution 
Volume of the contact solution 
Weight of the geologic material 

By applying the error theory to this it ~as deduced the formula 
for the standard deviation of the Kd value, as a result of the 
propagation of the introduced errors. These deviations ~ere used to 
evaluate the repetibility of.the results. 

The expression for the desorption factor estimation is 

Where: P.f, f.l.des. 

Ai, f. s. 

4. RESULTS 

Af, f. 1. des. 

A· 
~' f. s. 

Final activity of the 
desorption 

100 

liquid phase after 

Activity of the solid phase at the begining of 
the desorption experience (final activity of 
sorption essay) 

The results of Kd measurements taken in different conditions are 
shown in figures 4.1 to 4.4 . Fer the standard conditions the Kd 
values are 850 ± 90 cm3 /g for Cs and 80 + 6 em 3 lg for 
Sr. The results obtained with the variation of different parameters 
are the following (5), (6): 

4.1. ~Q.!l:'ic~~t, __ :'fci.!!l~: In figure 4.1 it can be observed that the Cs 
and Sr sorption increased rapidly during the first contact minutes, 
giving constant results of the K0 value after 60 min. 

4.2. Concentration of the carrier in solution: In the standard 
conditio~~--~;--h;;;--~;;k;d--~ith--~;l~ti;~~--;b;~t- 10-4 M of carrier 
for both radionuclides. This order of magnitude of concentration was 
used to variate experimental parameters. Other determinations were 
carried out ~ith concentration of 2 and 4 orders of magnitude lower 
than the standard one, in order to observe the incidence of the 
radionuclide concentration in the K0 value. In both cases we 
obtained an increase of the Kd value, which are shown in figure 4.2. 

4.3. l!l£l~~!l~~---Q[ __ 1:,h~--~ti: Determinations of the distribution 
coefficient in a large range of pH values (2 to 10) were carried out. 
In figure 4.3 it could be observed the evident influence of the pH in 
Cs and Sr sorption for this media. 
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~.~. ~Q~~~~i~i~~---LQ~~ 2: ~ and ca2+ were 
ions for Cs+ and Sr •. We observed t-hat 
in high concentrations affect considerably 
4.4). Otherwise, the presence of 
concentrations, seems not to affect the 

used as competitive 
the presence of K+ 

the Kd of Cs (See fig. 
ca2~ also at high 

Sr 2+ sorption (See table 
4. 1) • 

4.5. ~i~~i~L~Q~L~---~~~iQ: Its influence in the sorption was 
determined varying the ratio used in the standard tests 
(25cmrgJ either for Cs or for Sr. Essays with the following 
relations were carried cut: 10/1 , 10/2 and 10/5. In the case of Cs, 
it appears a remarked effect of the increase of the contact surface, 
because the Kd values obtained were considerably higher when the 
liquid/solid ratio was diminished (see table 4.2l. On the other hand, 
in the case of Sr, it appeared a different tendency from expected, 
because the Kd value diminishes with the decrease of the 
liquid/solid ratio. 

4.6. Q~~Q~~LQQ: In order to study the reversible or irreversible 
character of the sorption processes it was carried out some desorption 
measurements of radionuclides sorpted in geologic material into 
groundwater free of additives. The results, expressed as desorption 
factor, are shown in table 4.3. 

5. CONCLUSIONS 

Due to these considerations results that is not representative to 
inform an unique Kd value for a given media, and consequently, it 
has to be expresed as a range. of values. This range is related with 
the uncertainty on the variati'on·· of phisical, chexr.ical an geological 
parameters that modify the results. 

From the wide spectre of experimental conditions that affects the 
delay it results that the range of variation of Kd for soils of the 
Ezeiza Atomic Center are 400 - 3500 c~}g for Cs, and 30 - 120 
cm}g for· Sr. Both ends of this range of values could be used in 
a sensibility analysis of mathemathic models of migration and dosis 
calculations.It is important too, to remark that these differences in 
the results (nearly an order of magnitude in the case of Csl are not 
significant, considering their utilization in estimation models of 
mass transport and individual or collective doses. In these models 
there appear uncertainties due to the long term projections required 
as a consequence of long periods that the radionuclides migration last 
in the geologic media before reach the biosphere (thousanos of years), 
and its influence is significative when the nuclide has a long half 
life. However , the lowest Kd values could be used in radiological 
impact estimations producing therefore the most conservative dose 
values. 



Table 3.1- Concentration of carriers and traeers 
in the contact solutions 

Tracer cone::. Carrier cone. 

Bq c..,-J N 

Cs I 0. 6 3. ~ E-5 

Sr 35.3 8.4 E-~ 

Table 4-2 Influence of the liquid/solid rale 

Relaci6n Kdcs Kdsr 
l iq/solido 

(cml. g-1) (c,. ~ i-1 l (c,.l. g-1 1 

10/1 740 = 70 36 = 3 

10/2 2260 = 5!0 33 = 3 

10/5 3~50 :!: 1120 54 :!: 3 

2511 eso = 90 80 = 6 
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DETERMINATION EXPERIMENTALE DE LA VITESSE D'OXYDATION DU TRITIUM DANS 
L'ATMOSPHERE 

H CLERC, JP CALANDO, Ph PAILLARD, R GROS, B HIRCQ 
CEA, Centre de Bruy~res-le-Ch~tel B.P.12- 91680 Bruy~res-le-Ch~tel FRANCE 

INTRODUCTION 

A activite identique, le risque induit par le tritium sous forme eau tri
tiee est environ 10 4 fois plus grand que le risque indui t par le tritium sous 
forme gazeuse (ref.1 ). 

Dans le cadre des etudes de surete liees au fonctionnement des futurs reac
teurs de fusion, il est primordial de conna1tre la cinetique de transformation du 
tritium gazeux (T 2 ou HT) en eau tritiee (HTO) dans l'atmosph~re. Des divergences 
importantes existant dans la litterature (ref.2), les Communautes Europeennes ont 
agree en 1983 un programme destine a etudier experimentalement le comportement du 
tritium dans 1' environnement a la suite de lachers ; deux cas etaient a ex ami
ner : rejet accidentel rapide et rejet de routine lent. 

La responsabilite de cette etude a ete confiee a l'Institut de Protection 
et de Surete Nucleaire (IPSN) du Commissariat a l'Energie Atomique (CEA). Compte 
tenu de l'experience acquise au Centre d'Etudes de Bruy~res-le-Chatel dans la 
manipulation du tritium et de la possibilite d'utiliser une installation repre
sentative (batiment avec ventilation et rejet par une cheminee de 40 m), le 
Service de Protection contre les Rayonnements (SPR) et le Service Chimie (DETN/C) 
de ce Centre ont ete charges d'organiser et de realiser cette experimentation. 

PREPARATION DE L'EXPERIMENTATION 

Le principe des mesures consistait, apr~s le rejet d'un tritium "parfaite
ment sec", a effectuer des prel~vements atmospheriques a differentes distances 
pendant des intervalles de temps determines et a mesurer l'evolution du rapport 
HTO/HT+HTO. 

L' appareillage retenu (barboteur), mis au point par le SPR, permet de 
differencier HTO et HT en utilisant le piegeage dans l'eau et l'oxydation cataly
tique sur platine ; l'activite tritium est mesuree par la technique de scintilla
tion en phase liquide. 

La preparation proprement di te a comporte les phases principales sui van
tes examen des possibilites pratiques, verification experimentale sur le 
terrain, calculs theoriques, definition des emplacements des prel~vements, 
a~alyse de risque, autorisations. 

Les principaux points pratiques examines ont ete : verification des perfor
mances des detecteurs, limites d'analyse, emplacements possibles sur le terrain 
(topographie, densite de la population, facilite d'acces ..• ), conditions meteo
rologiques optima (en fonction des donnees statistiques du site), definition et 
delais d'approvisionnement des differents materiels. 

Une experience de trayage a ete effectuee par le Service de Protection des 
Installations Nucleaires (SPIN) de l'IPSN ; cette experience consistait a rela
cher du SF 6 par la cheminee prevue pour le rejet et a effectuer des essais de 
detection dans la zone retenue pour la mise en place des barboteurs. 
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Les estimations theoriques ont ete effectuees a partir du code de calcul 
ORION, developpe par le SPR (ref.3). Ce code de calcul est base sur l'equation de 
diffusion classique a trois dimensions dependant du temps (ref.4). Il permet d'e
valuer le transfert de gaz ou d'aerosols disperses dans l'environnement a l'issue 
d'un rejet controle ou accidentel et d'obtenir, en quelques minutes et a diverses 
distances du point de rejet, les resultats suivants : quantite inhalee, concen
tration maximum, depots, irradiation, duree de passage du nuage. C'est la prise 
en compte dans notre code de calcul des differents parametres definis precedem
ment qui nous a permis d'estimer la quantite a rejeter a 250 TBq. 

L'analyse de risque a ete effectuee pour cette quantite en prenant en comp
te des hypotheses particulierement pessimistes : conditions de diffusion mauvai
ses et p8r·.iuUe de conveesion rapide (1 hcure) de HT en HTO. Le risque envP.loppe 
pour une personne situee au point le plus expose (a 800 m dans l'axe du rejet) a 
ete estime a 2.10- 6 Sv. 

Compte tenu de tous ces resultats, on a retenu pour l'experience une zone 
constituee d'un secteur angulaire de 30° centre sur l'axe des vents dominants 
(venant du 240°) avec l' installation dans le domaine public de 4 lignes de prele
vements : A, B, C, D, comportant respectivement : 1, 14, 14, 3 barboteurs et si
tuees a 800' 1000' 2500 et 4500 metres de la cheminee de rejet au pied de 
laquelle un controle HT/HT+HTO etait prevu. 

En parallele a l'aspect technique, les autorisations administratives 
etaient demandees : Service Central de Protection contre les Rayonnements Ioni
sants (SCPRI) dependant du Ministere de la sante, Haut-Commissaire du CEA, 
Pr8fet, Maire. 

REALISATION 

La realisation de l'appareillage et la preparation du tritium etaient de la 
responsabilite du Service Chimie. L'appareillage etait installe dans une bo1te-a
gants ventilee sous air. A partir d'un reservoir sous pression, un systeme auto
matique avec : capteur de pression, electrovanne, debitmetre massique, permettait 
d'obtenir un debit constant pendant la duree prevue pour le rejet. En cas d' inci
dent, un systeme manuel permettait d'assurer le passage du gaz. Le tritium (sous 
forme HT) avait ete purifie sur un four a uranium afin d'eviter toute trace de 
HTO, stocke dans un reservoir sous pression et analyse par spectrometrie de masse 

Compte tenu de l'importance primordiale des conditions meteorologiques, une 
attention particuliere a ete portee a ce point. Les previsions meteorologiques a 
48 heures et 24 heures ont ete assurees par le Centre de Meteorologie Nationale 
de Bretigny, situe a 10 km a l'est du Centre de Bruyeres-le-Chatel. Le suivi des 
conditions meteorologiques a ete effectue a l'aide du mat du Centre de Bruyeres
le-Chatel (decale de l'axe du lacher de 500 m environ). Ce mat permet les mesures 
suivantes : vitesse et direction du vent, temperature, hygrometric, a des hau
teurs de 10, 40, 70 et 100 m ; les mesures sont effectuees en permanence et une 
valeur moyenne est editee toutes les six minutes. Deux stations mobiles ont ete 
installees sur les lignes B etC, dans l'axe du lacher, afin de mesurer en conti
nu la vitesse et la direction du vent a une hauteur de 10 m. 

On signalera enfin que l'organisation de cette experimentation par le SPR a 
necessite la mise en place de moyens importants, tant en personnel (une quaran
taine de technic i ens sur le terrain) , qu' en rna ter i el ( barboteurs, alimentation 
electrique, moyens de liaison : UHF-VHF, support logistique, analyses, ... ) eta 
comporte des actions de formation des techniciens et deux repetitions generales. 



PARAMETRES EXPERIMENTAUX 

L'experience s'est deroulee le 15 octobre 1986 dans les conditions suivan
tes : quantite de tritium : 256 TBq ; tritium "sec" : HTO/HT+HTO = 2.1o-• ; duree 
du rejet : 2 mn ; vitesse du vent : 3 m/s au mat principal a 40 et 70 m de haut, 
2,5 m/s aux mats secondaires B et C a 10 m de haut ; vent stable en direction ; 
pas d' inversion de temperature ; hauteur reelle du rejet 49 m (surhauteur 
cheminee) ; duree des prelevements par rapport a l'heure H du rejet (12 h 12 TU) 
H a H + 30 mn, H + 30 mn a H + 90 mn, H + 90 mn a H + 270 mn. 

RESULTATS 

On a reporte sur les figUi··es ci -avd~:s les resul tats des prelevements de 
H a H + 30 mn pour les lignes B et C et la courbe obtenue par le code de calcul 
ORION. 

ACTIVITE ACTIVITE 

B 3 d' q. m- 01r 8 -3 d' r q. m 01 

HT ....... ._ 

\.. I'" ............ !".. 

i/ \ HT It' \ 

/ "' v 1\ 

J 
v 

HTQ HTO 

0 1 2 3 I, 5 5 7 8 9 10 11 12 13 14 0 1 2 3 I, 5 5 7 8 9 10 11 12 13 14 
N N° barboteur N N° barboteur 

Figure 1 : Ligne B Figure 2 : Ligne C 
Comparaison entre les resultats experimentaux (HT - HTO) et le code de calcul (HT) 

Prelevements H a H + 30 mn. Vitesse du vent 3 m/s, Origine 240•. 

On notera le bon accord general entre les resultats experimentaux et les 
calculs theoriques. La dissymetrie constatee sur la figure 1 est expliquee par la 
presence proche d'une parcelle boisee et la singularite sur la figure 2 provient 
du fait que le point numero 10 etait situe en avant de la ligne c moyenne. 

On constate que la valeur moyenne du rapport HTO/HT+HTO sur les lignes B et 
C, vers l'axe du panache, est identique a la valeur mesuree en pied de cheminee 
soit 2.1o-· ; ce resultat indique que l'oxydation du tritium gazeux dans l'atmos
phere est tres lente. Pour les prelevements effectues dans les intervalles de 
temps suivants (H + 30 mn a H + 90 mn et H + 90 mn a H + 270 mn), on a constate 
une augmentation du rapport HTO/HT+HTO ; cette augmentation est due au phenomena 
de conversion du HT au niveau du sol et de reemission sous forme HTO (ref.5). 
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On notera egalement que des equipes de differents laboratoires etrangers 
(Allemagne, Suede, Canada) participaient a l'experience et se trouvaient au 
point A (800 m du point de rejet, dans l'axe du panache), leurs resultats sont en 
bon accord avec les notres. 

ESTIMATION DU RISQUE 

Les resultats ci-dessus permettent de determiner le risque inhalation : 
pour une personne se trouvant a l'endroit du risque maximum (point A), l'equiva
lent de dose engage par l'experimentation est de l'ordre de 10- 7 Sv. Le code de 
calcul ORION permet de tracer des courbes isodoses centrees sur l' axe du vent, 
qui montrent un equivalent de dose engage par le passage du nuage de 10- 9 Sv sur 
0,29 km 2 et de 10- 10 Sv 3Ur 5,51 km 2

• Ces valeurs sont 8 comparer au risque 
induit par l'irradiation naturelle qui est de l'ordre de 10- 3 Sv par an dans la 
region parisienne. 

Ces resultats sont confirmes par l'absence de detection tritium dans les 
prelevements urinaires de huit techniciens repartis sur le terrain d'experience 
et analyses par les methodes utili sees pour la surveillance des travail leurs 
exposes au risque tritium. 

CONCLUSIONS 

Le lacher controle de 256 TBq de tritium gazeux dans l'environnement s'est 
deroule selon les conditions ex per imenta les prevues et on peut en t i rer les 
conclusions suivantes : 

. L'oxydation du tritium gazeux dans l'atmosphere a l'occasion d'un lacher 
accidentel rapide est negligeable, 

Il y a un bon accord entre les resultats experimentaux et les estimations 
du code de calcul ORION, 

L'equivalent de dose engage n'est pas significatif. 
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EXPERIMENTS AND CALCULATIONS ON THE ADSORPTION OF RADIOACTIVE 
ELEMENTAL IODINE GAS ON AEROSOL 

Hiroshi Noguchi, Mikio Murata and Hiroshi Matsui 
Department of Health Physics, 

Japan Atomic Energy Research Institute 
Tokai-mura, Naka-gun, Ibaraki-ken 319-11, Japan 

INTRODUCTION 

The deposition velocity of radioactive elemental iodine (I2) 
gas from air to vegetation is about five times faster than that of 
iodine attached to particulate matter (i.e. particulate iodine) 
[1]. In the environment, a fraction of radioactive I2 released 
from nuclear facilities is likely to adsorb on the atmospheric 
aerosol. The adsorption of I2 onto various aerosols was studied 
in order to provide basic data for the realistic and precise 
assessment of the internal dose to man from radioiodine in the 
food chain. The influence of I2 gas concentration and reaction 
time on the adsorption amount of I2 onto burnt incense-stick fume 
and fly-ash aerosol was investigated experimentally and was also 
analyzed theoretically. 

EXPERIMENTAL METHODS 

The experimental apparatus is shown in Fig. 1. The I2 gas 
was generated by vaporization of the I2 crystal which was made by 
a reaction of sodium iodide (Na131I) and potassium dichromate 
( K2Cr207) . A mixture of aerosol and I2 gas was passed through a 
glass vessel so that particulate iodine could be formed by 
adsorption of I2 on an aerosol. Two types of glass vessels, 
volumes of which were 8 liters for a short time reaction and 155 
liters for a long time reaction, were used. 

After the adsorption, particulate iodine and 
gas were trapped separately using an iodine species 
sampler called a modified Maypack sampler [2]. 

unadsorbed I2 
discriminating 

These iodine 
activities were measured with 
an Nai(Tl) scintillation 
counter. The incense-stick 
aerosol was generated in a 
small glass cylinder by 
burning an incense stick (2 
mm dia. x 133 mm). The 
fly-ash aerosol was gener
ated with a dust feeder 
(Sibata Scientific Technol
ogy Ltd., Model MF-2). 
Particle concentrations (n) 
were measured with a con
densation nucleus counter 
(Thermo-Systems Inc., Model 
3020). Size distributions 
of incense-stick and fly
ash aerosols were measured 
with an electrical aerosol 

AIR-
AIR

I 2 CRYSTAL 

B FLOWMETER 

0 PUMP , ~ HEPA FILTER , 

HYGROTHERMO-
METER SENJ!R 

REACTION 

VESSEL 
BYPASS 

' MAYPACK SAMPLER 

0 CHARCOAL TRAP 

Fig. 1 Experimental apparatus 
for I2-aerosol reaction. 
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a~alyzer (Thermo-Systems Inc., Model 3030) and an electron 
m~croscope (Hitachi Ltd., H-300), respectively. The geometric 
mean diameter (d~), the geometric standard deviation (a~) and the 
mean surface d~ameter (d5 =dsexp(ln2crg)) measured w~th these 
instruments were as follows: dg=O .14 11m, crg=l. 75 and d 5 =0 .19 11m 
for the incense-stick aerosol, and dg=0.52 11m, crg=l.60 and d 5 =0.62 
pm for the fly-ash aerosol. 

EXPERIMENTAL RESULTS 

The adsortion amounts (U) of I2 as a function of reaction 
time are shown in Fig. 2 for the incense-stick aerosol and in Fig. 
3 for the fly-ash. The curves in these figures represent the 
results of a theoretical analysis as described later. The 
adsortpion amount for the incense-stick aerosol increased rapidly 
with reaction time during the first 1 minute and then reached the 
equilibrium state at about 2.4xlo-10 g/cm3 of initial I2 
concentration (Co). For the 
fly-ash aerosol, however, 
the time required until the 
adsoption reached the 
equilibrium state was about 
10 minutes at Co=l.Sxlo-10 
g/cm3• It was about ten 
times longer than that for 
the incense-stick aerosol. 
The adsorption amounts in 
the equilibrium state are 
about 2xlo-7 g/cm2 for the 
incense-stick aerosol and 
about Sxlo-8 g/cm2 for the 
fly-ash aerosol. 

In Fig. 4, the rela
tion between I2 gas concen
tration (C) and adsorption 
amount in the equilibrium 
state is shown. The curves 
obtained by the least 
squres method are equival
ent to adsorption isotherms 
of the aerosols for I2 at 
room temparature. The 
curves were expressed by: 

lnU=-ll.l-0.407C-0.109 (1) 

for incense-stick aerosol, 

and U=0.0357C0· 620 ( 2) 

for fly-ash aerosol. The 
adsorption isotherm of fly
ash aerosol was similar to 
Freundlich type one. The 
isotherm of incense-stick 
aerosol could not be 
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Fig. 2 Adsorption amount (U) of I2 
as a function of reaction time for 
the incense-stick aerosol at n= 
l.7xl0 5 cm-3 and Co=2.4xlo-10 g/cm3. 
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Fig. 3 Adsorption amount (U) of I2 
as a function of reaction time for 
the fly-ash aerosol at n=l.Oxlo 4 

cm-3 and Co=l.Sxlo-10 g/cm3 . 



represented by an usual type of adsorption isotherm over the whole 
range of iodine concentration. 

1Q-6 

1 o-7 

1 1Q-8 
~ 
en - 1 o-9 

, o-1o 

I I I I I I 

ADSORPTION ISOTHERM ............ --

OF INCENSE-STICK ,. ...... / 

AEROSOL '\.. .. ,.. O•O ",.,•ro 0 o o ... 
, .. ' 8 ' 

,'' / ADSORPTION ISOTHERM 

.-·~"CJ OF FLY-ASH AEROSOL 

,/6' REACTION 
/~ TIME (min) 

• > 2 
0 31 

10-11 '----..1..-'---L--..1.-'--....I.'----~•~---~·L----1 
10-14 10-13 10-12 10-11 10-10 1 o-9 10-s 1 o-7 

c (g/cm3) 

Fig. 4 Adsorption isotherms of incense-stick and fly-ash aerosols 
for I2 gas. C is I2 gas concentration and U is adsorption 
amount of I2. 

THEORETICAL ANALYSIS 

The following equation based on a theory of Fuchs (3] for the 
evaporation of droplets was applied to iodine adsorption by 
Chamberlain et al. [4]. 

-dC/dt = 4nrnDC/{D/rNa+r/(r+~)}, (3) 

where t=time (s), C=concentration of I2 in air (gjcm3 ), r=radius 
of particles (em), n=particle concentration (em-), D=diffusion 
constant of I2 in air (=0.08 cm2/s), N=(RT/2M) 112 is a quarter of 
the mean kinetic velocity of I2, a=sticking probability (-), and 
~=concentration jump distance (=l.04xlo-5 em [5]). This equation 
can apply for irreversible adsorption but cannot calculate the 
iodine loss for reversible adsorption like this experiment. 
Hence, the following equation [6, 7] was adapted to analyze the 
present results. 

-dC/dt = 4nrnD(C-Cp)/{D/rNa+r/(r+~)} ( 4) 

where Cp=concentration of I2 on particles (g/cm3 ). It was assumed 
that Cp was given by the following equations derived from the 
adsorption isotherms as a function of adsorption amount: 

Cp = {(-11.1-lnU/0.407)-9.174 for incense-stick aerosol, (5) 

and Cp = 215ul.61 for fly-ash aerosol. ( 6) 
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Using the least squares method, the sticking probability for 
the incense-stick aerosol was determined by substituting into 
equation (4) the experimental data of relation between the initial 
I2 gas concentration and the proportion of iodine adsorbed on 
particles at l minute of reaction time. The sticking probability 
was 7.6xlo-3, which agreed with the data obtained by other 
investigators: 7.6xlo-4 to l.9xlo- 2 for aerosol in a reactor shell 
[8] and 2xlo-3 to 2xlo- 2 for the atmospheric aerosol [9]. For the 
fly-ash aerosol, it was found that the sticking probability 
depended on the adsorption amount [7]. The equation is described 
by 

ln a= -55.ou0 • 1019 • 

An increase of the adsorption amount from 10-11 to 
raised the sticking probability from 10-4 to 10-2, 
agreed with the previous results. 

(7) 

lo- 8 g/cm3 
which also 

The adsorption amounts as a function of reaction time were 
calculated using equations (4) to (7) and were compared with the 
experimental data. The results are shown in Figs. 2 and 3. It is 
seen that the calculated results are in good agreement with 
experimental ones. This indicates that the present calculation 
method is effective for analyzing the adsorption of I2 gas onto 
incense-stick and fly-ash aerosols. 

CONCLUSIONS 

The adsorption of radioactive elemental iodine (I2) gas onto 
burnt incense-stick and fly-ash aerosols was studied. For the 
both aerosols, the adsorption reached the equilibrium state in 
about ten minutes. The adsorption isotherm of fly-ash aerosol was 
similar to Freundlich type one. The isotherm of incense-stick 
aerosol could not be represented by an usual type of adsorption 
isotherm over the whole range of iodine concentration. Theoretical 
equations to explain the adsorption were derived by introducing 
the term of I2 concentration on particles, which was estimated 
from the adsorption isotherms, into Chamberlain's equation. The 
calculated results were in good agreement with the experimental 
ones. 
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LONG-TERM OBSERVATION OF TRITIUM 
IN PINE NEEDLES NEAR NUCLEAR FACILITIES 

Y. Inoue*, K.T. Miyamoto*, T. Iwakura* and S. Jin** 
* National Institute of Radiological Sciences, Chiba-shi, Japan 
**Heilongjiang Provincial Health and Anti-epidemic Station, 

Harbin, People's Republic of China 

INTRODUCTION 

An interest has been focussed to tissue bound tritium (TBT) 
in foods, because it may be directly assimilated in the bound 
compartment of tissues, and increase cumulative total body dose 1 ) 
Transfer from environmental tritiated water to the tissue bound 
fraction in plants had been investigated through many 
laborator~ls and relatively lower percentage fixation was 
suggested . On the other hand, analysis of various kind of 
environmental samples which were considered to be affected by 
fallout tritium only showed higf jpecific activity ratio of TBT 
to tissue water tritium (TWT) ' . This phenomenon had been 
attributed to either following cause:a) long retention of tritium 
previou~Ty incorporated in the soil during the period of maximum 
fallout , or b) an incorporation of high specific activity 
element~1 tritium in the atmosphere into the soil microbes and 
plants . More studies have to be performed in the environment 
as well as in the laboratories on the behaviour of TBT in 
different types ecosystem in order to solve this problem, because 
few literatures have been available on the TBT behaviour in the 
chronically contaminated environment 6 , 7 ). Therefore, a long-term 
study was conducted on the behaviour of TBT and TWT in plants in 
a location which had been affected mainly by tritiated vapour 
discharged into the atmosphere. 

METHODS 

Pine trees were selected for the investigation, because of 
their availability regardless places and seasons in Japan and a 
capability of simultaneous collection of present and old pine 
needles back to a few years ago from a branch. Samples had been 
collected in their growing seasons on the monthly basis from 1981 
to 1986 except 1984 at several points in a down-wind area within 
2km from two heavy-water moderated research reactors JRR-2 and 
JRR-3 of JAERI in Tokaimura, Ibaraki Prefecture. Monthly 
accumulated precipitation, groundwater and surface soil to 1m 
depth were also collected. Detail discription of sampling points, 
location of nuclear facilities, meteorological conditions, 
tritium deposition-source distance relationship in this area and 
the time-variation in tritium concentration of water form io 
various samples during 1981 and 1983 were presented previously8 '~). 

Freeze-dried 
concentrations of 

pine needles were 
both freeze-dried 

7Gb 

plasma-ashed 10 ) and tritium 
water and oxidation water 



were determined by means of liquid scintillation counters (LSCs). 
The tritium concentration of both waters are expressed in pCi/1 
The detection limit for 500 minutes of counting lies at approx. 
20 pCi/1 for 40ml freeze-dried water by a LSC ALOKA-LB1, and 50 
pCi/1 for 10ml oxidation water by a PACKARD TRICARB 2000CA/LL. 

RESULTS AND DISCUSSIONS 

Time-variations of tritium concentrations in the tissue 
water (TWT) and the tissue bound form (TBT) of the pine needles 
and in monthly accumlJlated precipitation collected at about 700m 
south-west from JRR-2 and JRR-3 were shown in Fig.1 with that of 
sum values of monthly discharge rates of tritiated vapour into 
the atmosphere from the two reactors. It is shown that several 
curies of tritiated vapour were discharged every month under 
their normal operation except June 1982 when abnormal discharge 
rate 44Ci was recorded due to a small leakage of heavy water 
from JRR-3. The tritium concentration of monthly precipitation 
varied from about 50 pCi/1 to about 600 pCi/1 except an abnormal 
high value of 2570 pCi/1 in June 1982. The tritium concentration 
of tissue water varied from about 100 pCi/1 to about 1000 pCi/1 
throughout 1981-1985 except a value of 2500 pCi/1 in June 1982. 
On the contrary, the concentration of tissue bound tritium varied 
from about 250 pCi/1 to about 1400 pCi/1 without exception. The 
TBT data in 1984 were estimated by oxidizing pine needles 
having grown in 1984 which were separated from branches 
collected in 1985 and were plotted inside a rectangle in Fig.1 
in order of their collection date. This memory effect of TBT in 
the pine needles has been almost verified with agreement in TBT 
concentrations between some pine needles of a same growth year 
but different collection years. 

The concentrations of TWT and TBT in the pine needles at the 
point mentioned above. proved to be 1 0 to 20 times higher than 
natural environment11 l. The tritium discharge rates, the tritium 
concentrations in both the monthly precipitation and tissue water 
of the pine needles fluctuate larger than the TBT concentrations, 
however annual average of these four i terns seemed to correlate 
each other. Therefore correlation was examined between annual 
mean TWT or TBT concentration and each of following three 
factors:a) annual mean tritium concentration in monthly 
precipitation, b) annual tritium deposition and c) annual 
discharge rate. The results were shown in Fig. 2 for TWT and in 
Fig.3 for TBT From Fig.2, the TWT concentration proved to 
correlate well with the three factors a, b and c with 
correlation coefficients from 0.95 to 0.99. From Fig.3, the TBT 
concentration proved to correlate fairly well with the three 
factors with correlation coefficients from 0. 75 to 0.92. These 
results suggest that tritium in the pine needles at the point 
originated from the atmospheric discharges mainly from JRR-2 and 
JRR-3 and was incorporated mainly through the root after washout 
deposition as well as through the air. It is worth noting that 
the ratio of annual mean specific activity of TBT to TWT was 
about 1.7 from 1981 to 1983 and 1.1 in 1985, and the ratio of 
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the annual mean specific activity of TWT to the precipitation was 
ranged from 1.4 to 4.5 with an average 2.7 throughout 1981-1985 
except 1984. 

Weekly monitoring data of HT in air having been ob~ained by 
PNC and JAERI in this area showed its level of 1-2pCi/m through 
several recent years which was the same level with that in 
natural environment. The mean specific activity of TBT in pine 
needles in whole Japan

1
wa? reported 66 i18 pCi/1 whereas that of 

TWT was 46 ±15 pCi/1 1 l. Therefore, the elevated specific 
activity of TBT observed at the point can not be attributed to HT 
in the air. The mean specific acl.ivity of tritium in the soil 
moisture in the area appeared to be medium between those of 
the precipitation and the tissue water in the pine needles. The 
monthly mean specific activity of tritium in the air vapour was 
reported to be about twofold higher than that of the monthly 
precipitation at the monitoring station No.7 of JAERI which was 
located close to the point of the study. The elevated specific 
activity of TBT can not be explained by the tritium level of 
monthly mean or chron~cally contamination both in the soil 
moisture and the air vapour. 

It has been demonstrated under non-equiribrium conditions at 
Karsruhe that after leaves were exposed temporarily high specific 
activity tritiated vapour, the specific activity of TBT in leaves 
reached approx. one tenth of vapour and it was retained with a 
considerably high ratio of TBT to TWT until the end )of the 
vegetation period due to a retention effect of TBT 6 . An 
exposure to abnormally high level of tritiated vapour had 
supposedly happened also to the area in Tokaimura in the middle 
of June 1982 accompaning with the high level of tritium washout 
deposition. In addition to this event, temporal elevation of 
tritium level in the air vapour might had happened repeatedly at 
the area along the main downwind direction from JRR-2 and JRR-3 
and resulted in the long-term retention of higher level of TBT 
in the pine needles. 
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BEHAVIOR OF TRITIUH IN ENVIRONMENTAL SAHPLES AROUND 
NUCLEAR FACILITIES AT TOKAI-t-1URA 

J.ISHIDA, O.NARITA, Y.KITAHARA 
Power Reactor and Nuclear Fuel Development Corporation 
4-33 Muramatu, Tokai-mura, Naka-gun, Ibaraki-ken, 
Japan 

l.INTRODUCTION 
Hany kinds of nuclear facilities such as Power Reactors, 

Research Reactors, Reprocessing Plant etc. are operated in Tokai
mura, located 140 km north of Tokyo. From a point of view of 
tritium discharge to the environment, Heavy Water Reactors and 
a Reprocessing Plant are noteworthy. 

Tritium concentrations in drinking water, river water, 
rain water and sea water have been measured in a series of 
environmental monitoring around the fuel reprocessing plant 
at Tokai-Works, Power Reactor and Nuclear Fuel Development 
Corporation (PNC). Besides this monitoring, a measurement method 
of tritium concentration in the air has been investigated. 
This report summarizes the results of tritium concentration in 
the air at Tokai-mura. 

2.METHOD 
Atmospheric tritium occurs mainly in two chemical forms 

which are tritiated water vapor (HTO) and tritium gas (HT). 
VJe developed an atmospheric tritium sampler which can 
differenciate between HTO and HT (Fig.l). These samplers have 
been set at three monitoring points around Tokai-mura and the 
concentrations of HTO and HT in the air have been measured 
separately since 1983; while only HTO had been measured by using 
the other samplers since 1976. 

The procedure of differenciating between HTO and HT is 
as follows: 

Water vapor is adsorbed on the first molecular sieve 
column. Tritium gas passed through this column is oxidized by 
the palladium (Pd) catalyzer and adsorbed on the last molecular 
sieve column (HT column in Fig.l). HTO free water is decomposed 
into hydrogen and oxygen electrolytically in an Electrolysis 
cell to give a hydrogen carrier for HT. Then, the decomposed 
hydrogen with the sampled HT in the air is oxidized by the Pd 
catalyzer. The produced H20 and HTO are adsorbed on the HT column 
and the Pd catalyzer column. By knowing the ratio of an amount 
of water adsorbed by both columns to the electrolyzed water, 
the efficiency of Pd catalyzer is obtained as follows; 

(Efficiency of oxidation) 

1'1 ['d Gain in weight 
w .. r Gain in weight 
w, Loss in weight 
Ho Gain in weight 

w PI + WHl 
X 100 ( %) 

at 
at 
at 
at 

Pd Column (gram) 
HT Column (gram) 
Electrolysis Cell (gram) 
Drying Column (gram) 
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Efficiency of oxidation is, on average, almost 100% 

After the sampling, each column is heated about 450°C 
in a furnace. ~'Jater trapped by each column is de sorbed and 
recovered by a cold trap. Forty milliliters of sampled \'<later 
is mixed with 60 ml of scintillator (AQUASOL-2). After that, 
the mixture is kept in a cooler (about 10 °C) for about one day. 
Then, tritium concentration in the recovered water is measured 
by .a low background liquid scintillation counter. That measure
ment is repeated ten times, counting unit being SO minutes. 
The detection limit is about 20-30 pCi/~. 

3.RESULTS and DISCUSSION 
As an example of seasonal variation of HTO concentration 

in the air, the data measured at one monitoring station are 
shown in Fig.2. There are two kind of units to show tritium 
concentration in the air by pCi/m 3

, and in the water vapor by 
pCi/£. Although tritium concentrations in water vapor are stable, 
the tritium concentrations in the air show high in the summer 
and low in the winter because of humidity. The chronological 
change of annual tritium concentration in water vapor is shown 
in Fig.3 and that in the air is shown in Fig.4. Each geometrical 
mean (m~) plotted on Figs.3 and 4 is obtained based on about 
fifty individual values measured at each place during a year, 
respectively. Figures 3 and 4 also show the values of 'm~ X a 3

' 

where a is a geometric standard deviation. The measured data at 
monitoring station-1 (ST-l) have practically shown the same 
values around 140 pCi/£ in water vapor and l pCi/m 3 in the air, 
respectively . On the other hand, the measured data at monitoring 
station-2 and 3 (ST-2,3) have shown a decreasing tendency. 
The decreasing rates calculated by the least square method, based 
on the measured data at ST-2 and 3 from 1980 to 1986, are about 
5 pCi/ (£·year) and about 0.05 pCi/(m 3 .year), respectively. 
These values correspond to the half-life of 10-ll years which 
are almost the same as the decay half-life of tritium. 

The chronological concentration of HT in the air is plotted 
on Fig.S. The geometric mean based on the measured data at ST-1, 
2, and 3 show the same values and tendency. There is no 
difference among these data. The individual data throughout the 
year also present no seasonal variation as in the case of HTO. 

The measured data at ST-3 in 1984 are plotted on a log
normal distribution paper as shown in Fig.6. This indicates that 
the data of HTO and HT in the air fit the log-normal distribution. 
Figure 6 shows that the geometric mean of HTO is 0.45 times 
lower than that of HT, while the standard deviation of HTO is 
1.5 times higher than that of HT. 
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Fig.l Atmospheric HTO and HT Sampler 
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DETERMINATION OF 127 I AND 129 r IN ENVIRONMENTAL SAMPLES 
BY NEUTRON ACTIVATION ANALYSIS 

Minoru Takeishi, Atsushi Namiki, 
Junichiro Ishida and Yoshihisa Kitahara 
Tokai-works, Power Reactor and Nuclear 

Fuel Development Corporation 
4-33 Muramatsu, Tokai-mura, Naka-gun, Ibaraki, Japan 

ABSTHACT 

The ana I yt i ca I 11ethod of 12 7 I and 12 9 I in env i ro1111enta I saiiP I es has been 

studied and the background levels of these.nuclides in soils, •ilk, at.osphere 

and seaweeds were 11easured. 

The analytical ~ethod consists of separation of iodine fro. environ.ental 

samples by combustion, neutron irradiation, radiochemical purification of 

irradiated iodine by solvent extraction and ga .. a-ray spectro.etry. 

The detection li11its of 129 I by this ~~ethod were 4XlQ-7 Bq/g for dry soil, 

7XlQ-6 Bq/Q for fresh •ilk, 2XlQ-8 Bq/•3 for air and 7Xlo-s Bq/g for fresh 

seaweeds, respectively. The relative standard deviation of 129 I Analysis in 

soil and •ilk were less than 10%. 

129 I concentrations and ato. ratios of 129 I J127 I in surf~ce soi I( 0-5 Cll 

depth ) in Japan were fro. t.txto-7 Bq/g to 4.8xto-5 Bq/g and froti 

t.2XtQ-9 to 2.7XtQ-7 respectively. Other analytical results are discussed. 
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MONTE CARLO CALCULATION OF GAMMA RADIATION 
FIELD DUE TO IODINE-131 RELEASED TO THE ENVIRONMENT 

Naoto Fujinami, Shinobu Esaka 
Kyoto Prefectural Institute of Hygienic 

and Environmental Sciences 
395-Murakami-Cho, Fushimi-Ku, Kyoto, 612 Japan 

and 

Susumu Minato 

ABSTRACT 

Properties of the radiation field due to iodine-131 distributed on the 
air-ground interface and in the atmosphere are evaluated by means of a one
dimensional Monte Carlo transport code for the propagation of gamma radiation 
in two medium geometry. 

Figures 1 and 2 show the calculated data on the height distribution and 
on the energy and angular distibution of flux density and exposure rate from 
the iodine-131 source. 
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EVALUATION OF RISK-BENEFIT IN DIAGNOSTIC IMAGING 

John Cormack 
Radiology Department, Flinders Medical Centre, Bedford Park, South Australia. 

INTRODUCTION 

Medical radiation exposure of patients undergoing diagnostic imaging 
procedures accounts for around 95% of man-made radiation exposure of the 
population. Application of the ALARA principle to this group is therefore extremely 
important, and in this context some sort of quantitative evaluation of risk-benefit may 
prove to be useful in determining whether the benefit of a diagnostic examination (for a 
given group of patients) outweighs the iatrogenic effects produced by radiation: This, 
in fact, is a primary requisite for proceeding with the examination, as explicitly stated in 
I.C.R.P. Reports Nos. 26 and 34. 

DECISION TREE ANALYSIS OF LIFE EXPECTANCY 

The use of life expectancy in risk-benefit calculations facilitates the comparison 
of risk-benefit in terms of net years lost or gained. This sort of analysis can also be 
used to advantage in cost-benefit comparisons. In order to quantitate the net life loss 
or gain, the diagnostic test being evaluated must be looked at in the context of the 
diagnostic/therapeutic chain which both precedes and follows it. Figure 1 illustrates the 
type of decision tree which would typically be associated with a diagnostic imaging 
procedure. The consequences of each decision ( 1 to 4) can be computed and 
compared in terms of years of life expectancy ( YLE ) lost or gained. 

1 
2 

Diagnostic Test 
( No Radiation ) 

No Action 

Treat Directly 
(no Diagnostic Tests) 

0 

Decision 

Procedure with 
stochastically 
predictable Outcome 

q End-point 

Treat 

Figure 1. Simple Decision Tree relating to Patients being considered 
for a Diagnostic Imaging Procedure. 
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IMPLEMENTATION 

The mathematical formulation required to compute the outcomes of the various 
decision tree branches is relatively straightforward, but is too lengthy to expound in 
detail in this short paper. Basic input data required includes the following: 

* Survival tables for males and females ( Australian Bureau of Statistics Life 
Tables, 1980-82 ). 

* Radiation risk data ( BEIR Report 3, 1980 ). 

* Prevalence of disease being investigated. 

• Survival data for diseased patients who are untreated. 

*Treatment details (risk and survival data) 

* Diagnostic test details (sensitivity, specificity and radiation dose ). 

RESULTS 

Obviously, in terms of YLE lost, the effect of radiation risk will be much greater for 
younger patients than for older patients. Figure 2 shows the radiation risk for males 
and females as a function of age. 

0 
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>< 

w 
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~ 
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AGE AT EXPOSURE 

Figure 2. Radiation Risk in Terms of Years of Life Expectancy (YLE) 
Lost as a Function of Patient Age and Sex 

Using this sort of technique, it is also possible to obtain quantitative answers to 
questions such as the following: 

"Diagnostic imaging procedure A has a sensitivity of 89% and a specificity of 
84% and for the detection of a given disease, and does NOT involve ionizing 
radiation. Diagnostic imaging procedure B has a slightly improved sensitivity of 
91% and a specificity of 86%, but delivers an effective dose equivalent of 10 
millisieverts . Which is the best test to use (ignoring cost considerations)?" 
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Some further information is required before an answer can be given, this being 
as follows:-

- Male patient, aged 50 

- Disease prevalence: 15% 

- Survival for diseased patients (untreated): 50% at 5 years. 

- Survival for diseased patients (treated): 100% at 5 years. 

Although the above data is for a hypothetical diagnostic examination and 
treatment, the parameters chosen are not at all unrealistic or atypical. 

The answer to this question, perhaps surprisingly, is that imaging procedure B 
is best (2% improvement in YLE is obtained) despite the relatively high radiation 
dose. Even if the sensitivity and specificity of procedure A were increased to 90% 
and 85% respectively. the effective dose equivalent of procedure B would have to 
exceed 50 millisieverts in order to annul the benefit of procedure B's 1% increase in 
sensitivity and specificity . 

The effect of radiation dose on the net benefit of a diagnostic procedure is 
illustrated inFigure 3. The radiation detriment is, relatively speaking, much more 
significant for examinations with poor diagnostic efficiency. At 10 millisieverts, for 
example, radiation detriment has reduced the potential net gain of the better imaging 
procedures by around 6%, whereas, for the less efficient procedures this figure is 
nearer 13%. Since most diagnostic procedures entail effective dose equivalents of a 
few millisieverts or so, it is evident from Figure 3 that the diagnostic utility of an 
examination would have to be very poor in order to exclude it because of radiation 
dose to the patient. 
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Figure 3. Effect of radiation dose on net benefit 
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Figure 4. Effect of disease prevalence on risk-benefit 

Figure 4 shows the effect of disease prevalence on the risk-benefit of a typical 
diagnostic procedure. Details of the diagnostic procedure and test procedure are 
shown on the Figure. It is quite evident that the question as to whether or not there is a 
net benefit to the patient is highly dependent on disease prevalence. Note also that 
there may be a relatively narrow "band" of disease prevalence for which the diagnostic 
examination is useful, and that this band narrows as the radiation detriment increases. 

Finally, this type of technique can be used to evaluate screening procedures 
such as mammography. The input data used for this calculation (drawn from various 
sources) was as follows:-

Sensitivity of Mammography = 91% 

Specificity of Mammography = 100% 

Prevalence of Breast Cancer = 0.18% 

Survival: 60% at 5 years if untreated 

90% at 1 0 years if treated 

Radiation Dose Equivalent = 1 0 mSv to female breast 

Effective Dose Equivalent = 3 mSv. 

Using the above data a Benefit : Risk ratio of 85 : 1 and a net benefit of 0.039 
years per patient was computed. This sounds small, but it should be remembered this 
figure will, as with most screening procedures, be comprised of a large benefit to a 
small number of diseased patients and a very small risk to a large number of non
diseased patients. Put differently, this means that if 10,000 patients are screened, 390 
person-years will be saved. Whether or not this is worthwhile may also be a matter of 
cost-benefit. 
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NEW TRENDS AFFECTING SWEDISH PATIENT DOSES FROM DIAGNOSTIC PROCEDURES 

Jack Valentin, Per-Gote Blomgren, Gunilla Hellstrom, Peter 
Hofvander, Jonas Karlberg, Wolfram Leitz 

National Institute of Radiation Protection, Stockholm, Sweden 

SUMMARY 

The number of medical X-ray examinations increased each year 
until around 1970, then decreased, but apparently increases again 
after 1980. The dose per examination has gone down since the early 
1970ies, probably by around 50 %. In nuclear medicine, the number 
of examinations trebled from 1963 to 1983, when the trend changed 
to a decrease. The dose per examination declines, mainly due to 
substitution of Tc-99m for I-131. The number of dental X-ray films 
increased fivefold from 1963 to 1983, but the dose per examination 
has dropped perhaps even faster. The net effect of these trends 
is a reduction of the collective dose to patients from say 9 000 
manSv in the early 1970ies, to say 5 000 manSv in the mid-1980ies. 

The technical and medical changes behind these observations 
are bigger than the collective dose change. The results provide a 
platform for policy decisions: Is further dose reduction warrant
ed? Does the examination serve its purpose? How do we optimize 
doses and image quality? 

MEDICAL X-RAY EXAMINATIONS 

Medical X-ray examinations contribute the biggest part by far 
of the collective dose from diagnostic procedures. Table 1 shows 
that after a steady increase, their number levelled off fromaround 
1970. Statistics for the entire country (1) are not available after 
1980, but data from the county of Stockholm (2) indicate that the 
number of examinations is now on the rise again. The fall-off du
ring the 1970ies depends on the introduction of alternative moda
lities. The cause of the recent increase is not clear. In 1986, 
the National Board of Health and Welfare recommended mammography 
screening. Nationwide adoption of this will of course lead to many 
new examinations, but this could not affect statistics before 1986. 

Table 1. Number of X-ray examinations, X 10 3 

Year: 1950 1960 1965 1971 1974 1977 1980 1983 1985 

Entire 950 2 266 2 908 3 884 3 904 3 684 3 5 76 ? ? 
country 

County of ? ? ? 914 955 892 896 941 1 022 Stockholm 

While the number of examinations increased, doses per exami
nation decreased. This is in part due to a changed selection of 
examinations. Discontinuance of routine lung photofluoroscopy, 
e.g., saves some 200 manSv per year. But probably, the most im-
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portant change lies in better technique, in terms of more careful 
work as well as new methods such as faster film-screen combinations. 

Table 2 compares the energy imparted in some X-ray examinati
ons in Sweden 1974 (3), England 1984 (4) and a Swedish county 1986 
(5). For full-size chest examinations, the energy imparted 1984/86 
-and hence the dose- are about a quarter of the Swedish 1974 va
lues. The same proportion applies to the other examinations in 
England, while the average appears to be say 40-50 % in Sweden. 

Table 2. Energy imparted to the patiPnt in four routine types 
of X-ray examination, in mJ 

Sweden, England, County of Halland, 
Examination 1974 1984 Sweden 1986 

Thoracic spine 210 55 58 
Abdomen 200 57 145 
Lumbar spine 410 124 167 
Chest 21 4.4 7.4 

We have also made a survey of all full-size chest units in 
Sweden. This was designed in collaboration with the US Center for 
Devices and Radiological Health on basis of their NEXT programme, 
and CDRH kindly lent us advanced phantoms and other measuring e
quipment. We do not only look at doses: image quality is tested, 
individual units are optimized, recurrent problems are attacked 
in dedicated projects, and the relevance of the use of the unit 
is considered. Many parameters are registered, among them dose, 
the distribution of which is shown in Figure 1. 

Figure 1. Distribution of effective dose equivalent in full-size 
chest examinations (black = no. of examinations, white 
=no. of units), posterior-anterior view 

x 10 3 exam/y 

200 r-

1-

t-

100 -
r-
r-

r-
1-

r-
........-.. 

<20 <40 

,_ 

r-

,_ 

(60 <SO 

721 

No of 
units -

-

-

-

-

-

11 _,-, ll .-r-
<100 >110 

He (uSv) 

60 

30 



The mean dose is 0.05 mSv, i.e. about a quarter of the 1974 
mean of 0.22 mSv. Thus, the Halland data in Table 2 appear repre
sentative. If this is true for all four examinations, an average 
dose reduction by % could perhaps be assumed. The 1974 collective 
dose was c 8 000 manSv (3). With provision for the recently in
creased number of examinations (Table 1) and discontinued lung 
photofluoroscopy, the collective dose would now be c 4 500 manSv. 
Nationwide mammography screening will add perhaps 200 manSv. 

EXAMINATIONS IN NUCLEAR MEDICINE 

In Sweden, radiopharmaceuticals are only used in publichealth 
care. The number of examinations and activities used must be re
ported to us. Table 3 shows that the number of examinations rose 
steadily until 1983 and then fell off slightly. The biggest in
crease concerned Tc-99m in various kinds of scintigraphy. The Tc-99m 
trends are not monotonical. Bone scintigraphy no longer increases 
since 1984, liver scintigraphy (where Tc-99m supplanted Au-198 in 
the early 1970ies) is now replaced by ultrasound, brain examina
tions are now made with CT scans, and so on. I-131 decreases 
strongly, which reduces the collective dose. It is still used for 
function studies, but for thyroid scintigraphy and renography it 
is replaced by Tc-99m and in recent years I-123. Ultrasound tends 
to replace I-125 for renal localization. In renal clearance studies 
Cr-51 finds increasing use. Tl-201 is increasingly used in heart 
scintigraphy. 

Table 3. Number of examinations in nuclear medicine, and propor-
tions used of important nuclides 

No of exam:s Per cent of examinations done with 
Year X 10 3 Tc-99m I-131 I-125 I-123 Au-198 Cr-51 Tl-201 

1968 48 5 59 10 6 0.4 
1971 67 20 56 11 2 1 
1974 96 38 38 10 0.3 3 
1977 114 50 28 8 0.2 5 0.7 
1980 125 59 20 8 0.2 6 0.8 
1983 132 64 14 6 0. 5 8 1.6 
1986 120 64 13 3 0.9 10 3.2 

The radiological impact of these examinations is still domi
nated by I-131, which contributed 51% to the collective dose. 
Tc-99m contributed 38 %, Tl-201 6 % and all other nuclides to
gether contributed 5 %. The total collective dose was 720 manSv 
in 1973 (including I-131 profiles), but in spite of the much 
bigger number of examinations it was only 420 manSv in 1986 (ex
cluding profiles). 

DENTAL X-RAY EXAMINATIONS 

A Dental Health Insurance Act introduced in 1974 stipulated 
X-ray examinations before all expensive treatments. This and other 
causes have dramatically increased the number of exposed intraoral 
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films, from 3 million per year in the early 1960ies to 15.7 million 
1983 (6). But vast technical improvements and more stringent radi
ation protection have led to even more marked dose reductions. 
Here, the collective dose in the early 1970ies is rather loosely 
estimated as 300 manSv. A thorough estimation for 1983, based on 
our data from 400 randomly chosen dental offices, shows a collec
tive dose of about 80 manSv (7). 

TOTAL IMPACT OF DIAGNOSTIC PROCEDURES 

Table 4 summarizes these results, and shows that we believe 
the collective dose to patients to have decreased by 40-50 % in 
c 15 years. Now, we find it more and more important to take all 
factors such as image quality, not only dose, into account. Our 
aspiration is not to minimize d~ses, but to optimize processes 
where radiation is involved. 

Table 4. Collective effective dose equivalent in manSv to patients 
and average per caput dose in mSv from diagnostic proce
dures in Sweden 

Source Early 1970ies 

Medical X-ray examinations 
Nuclear medicine examinations 
Dental X-ray examinations 

8 000 
700 
300 

Total, manSv c 9 000 

Average dose per caput, mSv 1.1 

REFERENCES 

Middle 1980ies 

4 500 
420 

80 

c 5 000 

0.6 

1. Swedish National Board of Health and Welfare: Radiologi. PM 41/83. Social
styrelsen (1983), Stockholm. 

2. Ramgren, 0: Diagnostic X-ray and the quality of care. In: M Shanahan (ed), 
Proc Int S lit Assurance in Health Care 54-55. Joint Commission on 
Accreditation of Hospitals 1987 , Chicago. 

3. Bengtsson G, Blomgren P-G, Bergman K, Aberg 1: Patient exposures and radi
ation risks in Swedish diagnostic radiology. Acta radial/one rad phys biol 17 
(1978) 81-105. 

4. Shrimpton PC, Wall B F, Jones D G, Fisher E S, Hillier M C, Kendall G M, 
Harrison R M: Doses to patients from routine diagnostic X-ray examinations 
in England. Brit J Radial 59 (1986) 749-758. 

5. Lindskoug B, personal communication. 

6. Stenstrom B: Dose contributions to the Swedish population from oral radio
graphy. Swed Dental J Suppl 40 (1986). 

7. Stenstrom B, Bergman K, Blomgren P-G, Henrikson C 0: Collective dose to the 
Swedish population from intraoral radiography. Swed Dental J in press (1987). 
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ANALYSIS OF RADIATION EXPOSURE AND CONTROL IN THE CARDIAC 
CATHETERIZATION LABORATORY 

Jerrold T. Bushberg, J. Anthony Seibert, 
Joan Gargano and Teresa Murphy 

University of California Davis Medical Center 
2315 Stockton Boulevard, Sacramento, California, USA 

ABSTRACT 

One of the highest groups of occupationally exposed personnel in 

aedicine are those associated with cardiac catheterization. This 

paper reporta on our experience and evaluation of the varioua 
radiological health aspects during cardiac catheterization. 

Dosaetric data for faculty, residents, fellows, nurses, and 

technicians are reported with a temporal analysis of aR/study and 

average fluoro time per study. Analysis of time and •otion studies 

evaluates 

exposure. 

evaluation 

analysis 

what procedures or circumstances lead to higher personnel 

Typical isodose profiles are presented, along with an 

of patient thickness versus scatter photon flux. Spectral 

of the scatter radiation is presented, along with 

recommendations for effective shielding of personnel. 

724 



COMPOSITIONAL QUALIFICATION OF RADIATION PROTECTION 
IN NEUTRON RADIOTHERAPY ROOM WITH 50 MeV CYCLOTRON 

Seong Yul Yoo 
Dept. of Therrn. Rad., Korea Cancer Center Hospital 

216-4, Gongneung-Dong, Dobong- Ku, Seoul, Korea 

and 

Kyoung Hwan Koh, Chul Goo Cho, 
Joo Shik Bahk and Hyun Woo Jung 

ABSTRACT 

For the independent hospital use of radiotherapy facility, a 50 MeV 
cyclotron had been installed in the Korea Cancer Center Hospital, Seoul, 
Korea, for the purpose of neutron therapy of the cancer patients, which 
had been started on November 1986, as well as production of short half 
life radioisotopes, It is clear that radiation protection must be 
required more attention in the hospital than in the non-hospital institute 
because there are a plenty of people unlimited to enter the facility who 
are unoriented and untrained in radiation protection, i.e. patients 
and relatives. 

The authors analyzed radiation safety of the neutron treatment room, 
machine control area and patient waiting section in KCCH-cyclotron as 
follows, 
1) Leakage mapping of the neutron gantry room 
2) Measurement of gamma activation of equipments including patient couch, 
collimator of gantry and additional devices necessary for the treatment 
3) Detection of air activation in the gantry room after neutron exposure 
4) Measurement of T-1/2 and T-1/10 of clearing time of room radioactivity 
of gamma and neutron 
5) Measurement of total accumulated exposure to the personnel for an 
appropriate time 
6) Detection of patient exposure rate on the body out of treatment field 
and tissue activation within primary treatment region to identify unuseful 
irradiation to normal organ of patient 
7) Finally, discussion of compositional qualification of radiation safety 
of the treatment room area and conclusion of adequate arrangement to the 
personnel and patients. 



DETERMINATION OF THE COLLECTIVE RADIATION DOSE 
TO CERTAIN ORGANS IN PATIENTS UNDERGOING X-RAY EXAMINATIONS 

Marlon Raul Z. Tecson 
3141 Limay St., Manuguit Subdivision, Manila, Philippines 

ABSTRACT 

The organ doses from 7 types of diagnostic examination 
have been measured at 3 hospitals in Metro Manila for assessing 
the collective radiation dose. A total of 73 patients were in
vestigated and the average individual dose to some organs was 
calculated. Thermoluminiscent dosimeters, consisting of Lithium 
Flouride (TLD-100) ribbons contained in plastic sachets, were 
used for the measurements. They were attached to patie~ts to 
monitor the organ dose directly or at the entrance an~K~kin dose 
at the level of the organ in question •. From the entrance and 
exit dose meDsurements, the organ dose was calculated using such 
data as tabulated absorption data, ICRP reference man for organ 
parameters and available data on "Filipino Standard Man". Using 
the values taken from ICRP-26 and UNSCEAR 1977 Report, the risk 
data for radiation induced fatal cancer cases following the the 
examination was determined. 

The results indicate that for most types of examination, 
the lateral projection showed a higher dose to the organs compared 
with PA projection. For chest examination for example, the thy
roid dose was measured to be around three times higher for the 
lateral projection as compared to PA projection. Intravenous 
pyelography and upper gastro-intestinal' series resulted in higher 
doses to the organs studied as compared with ~ther examinations. 
Based on the annual number of different types of examination, the 
number of various types of examination needed to cause one fatal 
case was calculated. 



RADIOLOGICAL DOSE TO THE CHILD DURING CARDIAC CATHETERIZATION 
(AXIAL RADIOLOGICAL PROJECTIONS) 

Testoni G.*, Bernardi T.*, Zannoli R.**, Magnani B.** 
*Service of Health Physics, **Institute of Cardiology, 

University of Bologna, Italy 

The use of axial angiography techniques for hemodynamic 
diagnosis considerably affects the levels of radiation dose to 
the pediatric patient under examination. Recently, several 
assessment procedures of radiation dose were carried in the 
literature, nevertheless many doubts still remain concerning the 
techniques proposed and the dose values obtained for the 
different examined organs. Particularly the results obtained by 
using thermoluminescent dosimeters applied to the patient's body 
are not convincing, because in these procedures the detectors may 
easily move away, without possibility of control, from the 
radiation beam area, thus supplying incomplete and fragmentary 
results. The aim of this study is to ascertain the dosage levels 
for the child undergoing cardiac catheterization with the use of 
axial radiological techniques, in order to define the relationship 
between fluoroscopic and angiographic dosages and to critically 
evaluate the possibility and the levels of irradiation of critical 
organs, as a function of radiological beam positioning. 

MATERIALS, METHODS AND RESULTS 

The research was carried out in the Hemodynamics Laboratory 
of the Cardiology Institute of the University of Bologna with a 
total of 50 cardiac catheterization performed by using axial 
techniques on patients whose age ranged from 1 day to 11 years, 
mean value 4 years. 

The laboratory, where examinations were performed, is 
equipped with biplane CGR Radiological System. When in PA 
projection, the image intensifier is in the upper position. Each 
radiation tube is provided with a screening system which allows to 
confine the radiation field to the minimum useful surface. Rx-I.I. 
distance amounts to 105 em, both for PA and LL projections. The 
radiological system is equipped with an automatic control device 
which acts by changing the voltage applied to Rx tubes. Current 
and graphic emission time are manually set. 

The research protocol was divided in two phases: 
1) characterization of the radiological system from the patient's 

radioprotection standpoint; 
2) recording of radiological data and emission times during 

examination to calculate the dosages for the individual 
patients. 

The characterization of the radiologigal system was performed 
by using IONEX-type dosimeter with 0.6 em ionization chamber to 
record the dose in air, 15 em from I.I. entrance screen, in 
correlation with the voltage and the current supplied to the 
ra~iological tube, both in fluoroscopic and angiographic condi
tions. The results are illustrated in Fig.l. For each diagnostic 
examination taken into consideration, recordings were made of 
radiological data and time in fluoroscopy of various projections 
with the relevant radiological data and time in angiography, of 
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age, weight, and height of the patient. Thus, by using Fig.1 
curves,it was possible to assess the fluoroscopic and angiographic 
dose to the skin of the patient for each single projection. Fluo
roscopic ·emission time ranges from 0,7 to 58,8 minutes (M=22,1 
min) and fluoroscopic air dose for PA ranges from 0,4 to 7 oGy 
(M=3,7 cGy). Angiographic emission time, for PA and LL projections 
respectively ranges from 14 to 107 sec (M=36,5 sec) and from 5 to 
87 sec (M=30,8 sec).Angiographic air dose ranges from 3,5 to 107 
cGy (M=55,3 cGy) for PA and from 2,6 to 165 cGY (M=B3,8 cGy) for 
LL projections. The results of the fluoroscopic tests for LL 
projection are not recorded, as they are negligible if compared to 
PA results. Fig. 2 illustrates the dose distributions for the 
individual patients. 

DISCUSSION 

The curves of Fig.1 confirm the good performance of the 
radiological equipment. Fluoroscopic information (time and radio
logical data) may be compared with those recently published in the 
literature. The angiographic time (number of frames/examination), 
although considerably changing case by case, is on average similar 
to that reported in the literature, whereas resulting air dose 
values (23 cGy (PA), 29 cGy (LL)) are particularly high and, 
anyhow, at lest 10 times higher than those recently presented. Our 
results point out that there is at least a 1/10 ratio between 
fluoroscopic and angiographic air dose and, hence, they suggest 
that the cineangiographic phase is the most dangerous for the 
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patient from the protection standpoint. In our opinion, the low 
graphic air dose values quoted in the literature are due to the 
difficulties met in keeping the thermoluminescent dosimeters within 
the radiation beams when the patient is moved around or variously 
positioned for the different projections. This problem arises only 
during the angiographic phase, as in the fluoroscopic one the 
patient remains in PA position and the dosimeters are certainly 
within the radiologic beam. This explains why the fluoroscopic 
values are in agreement. 

Considering our results, we decided rather to give separate 
air dose figures for PA and LL than to add them up, as is usually 
done, because a careful analysis of the examination procedures and 
the different projections (Fig.3) very seldom reports cutaneous 
overlapping of the irradiation fields of the two tubes. Therefore, 
we prefer to consider a larger area exposed to a smaller dose than 
to overestimate the exposure at any possible point. Nevertheless, 
it is extremely important to take account of the very different 
results, on the other hand expected in this kind of diagnosis, to 
pinpoint and discuss the cases of abnormal irradiation of the 
patient. ,This analysis is possible thanks to the method we adopted, 
based on the recording of radiological data and emission time. 
Furthermore, with reference to the cases under examination, for 
all air doses over 43,5 cGy,the analysis highlighted the technical 
causes (misadjustment or breakdown of the radiological system) and 
the operational causes (projection repetition) which brought about 
the abnormal value. 

Observing the diagnostic medical procedure, the recorded data 
point out a systematic use (49 out of 51 cases) of the biplane 
radiological recording. A greater attention in estimating the real 
usefulness of a biplane observation in each projection could 
possibly lead to a decrease in the use of LL projection and a 
remarkable dose reduction. 

The use of "axial" cineangiography modifies the risk of 
irradiation of important organs, both for the different 
positioning of the beams, which are at times closer to them, and 
for the greater energies employed to penetrate thicker layers of 
tissue. The evaluations reported in the literature cannot be 
compared whatsoever, both because of the different technical 
performances of the system and because of the different medical 
procedurte management (seriography, cineangiography, etc.). By 
observing the images in Fig.3, it is clear that, when the patient 
is tilt up, the radiation beam gets closer to the thyroid gland 
and to the gonads but, for the thyroid, it cannot be higher than 
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the I.I. entrance air dose (i.e. 0,26 uGy/frame). In a standard 
examination, including about 2000 frames for each projection, the 
thyroid air dose should therefore be less than 104 uGy. 
Considerably higher values indicate bad operation of the system, 
wrong placing of the tubes and inadequate screening. 

CONCLUSIONS 

For the pediatric patient undergoing cardiac catheterization, 
the radiological dose is one of the parameters which have to be 
carefully considered as a risk, expecially with reference to the 
possibility of repetition of the examination or integration with 
less dangerous techniques (ultrasound). Comparing fluoroscopic and 
angiographic dose values, the latter show greater irradiation for 
the patient. This leads to a critical evaluation of the methods of 
examination and, expecially, to consider the advisability of sys
tematic biplane radiological recordings. The proposed methods, in 
the framework of which parameters strictly connected to the tech
nical performances of the system and to the operational examina
tion procedure are regularly collected, permits a critical ana
lysis of the results and highlights the causes of abnormal irra
diation ~f the patient. The radiation of important organs (thy
roid, gland, gonads) may be evaluated both by analysing the 
beam angle and by using the data obtained as input parameters of 
mathematical models which take into consideration the patient's 
soma and the beam bearing. In any case, the results show a smaller 
irradiation than that expounded in the literature. 
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RADIATION EXPOSURES TO PATIENTS DURING CARDIAC 
ANGIOGRAPHY AND CORONARY ANGIOPLASTY 

J. Hagekyriakou and M. A. Chaudhri 
Department of Medical Physics, Austin Hospital, 

Heidelberg 3084, Victoria, Australia 

Of all medical radiological procedures currently 
undertaken, it has been well established that those which 
deliver the greatest radiation dose to the patient are 
associated with imaging of the heart; more specifically 
during coronary artery angiography and angioplasty. It is 
important, therefore, to measure the doses to patients 
associated with such procedures, as a preliminary step 
towards a programme aimed at dose reduction. 

The method used in this study involved the mounting of 
a large area parallel plate ionization chamber, known as a 
Diamentor Chamber (PTW Freiburg), on the x-ray collimator 
housing. Such chambers were mounted on two machines, one 
being a Siemens Tridoros SS, which employs an under-table 
tube, while the other is a Siemens Polydoros, employing a 
C-arm. The Diamentor system measures the exposure-area 
product emanating from the x-ray source. The skin dose to 
the patient was determined from this using a Capintec 192 
Exposure Meter with a 28 ml air-equivalent chamber. The 
range of tube potentials for all the measurements was 60-
110 kVp, while the frame rate during cine was 48/second 
for the under-table tube and 25/second for the C-arm. 

The measurements obtained, which are illustrated in 
the following figures, were classified in accordance with 
the type of cardiac procedure performed, namely: Left and 
Right Coronary Angiography, Left Ventriculography and 
Coronary Angioplasty. For each procedure, the exposures 
obtained during the fluoroscopy and cine stages were 
combined. The relatively small dose received during 
catheter insertion is combined with that of Left Coronary 
Angiography, given that it is usually the first study 
performed in nearly all cases. The figures illustrating 
total dose per patient excludes Angioplasty and pacemaker 
insertion, but includes Right Heart Catheterization, 
Electrophysiological and Ergotamine studies, where they 
were performed in a small number of instances, along with 
the other studies, A total of 12 Cardiologists 
participated throughout this study. 

It is evident from this study that some patients are 
receiving relatively high doses from cardiac 
catheterization procedures, especially in the case of 
coronary angioplasty. It is, therefore, imperative to 
implement means of reducing the total dose to patients 
undergoing such procedures, while maintaining an 
acceptable image quality. 
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Fig. 1. Skin dose distribution for Left Coronary Angiography 
procedures, using an under-table tube. 
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Skin dose distribution for Right Coronary Angio
graphy procedures, using an under-table tube. 
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Fig. 3. 
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Skin dose distribution for Left Ventriculography 
procedures, using an under-table tube. 
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Fig. 4. Skin dose distribution for Left Coronary Angio
graphy procedures, using a C-arm. 
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Skin dose distribution for Right Coronary Angio
graphy procedures, using a C-arm. 
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Skin dose distribution for Left Ventriculography 
procedures, using a C-arm. 
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Fig. 7. Total skin dose distribution for all procedures, 
per patient, using an under-table tube. 
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Fig. 8. Total skin dose distribution for all procedures, 
per patient, using a C-arm. 
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ASSESSMENT OF RADIATION EXPOSURES IN BI-PLANE C-ARM 
PEDIATRIC CARDIAC STUDIES 

Wei-Kom Chu 
Dept. of Radiology, University of Nebraska Medical Center 

42nd and Dewey Aves., Omaha, Nebraska 68105, U.S.A. 

ABSTRACT 

Radiation exposures to patients and staff during cardiac 
catheterization has been investigated previously. However, to 
date, most studies assessed the amount and/or patterns of 
radiation exposures during examinations of adult patients. Few 
reports were on the subject of children's radiation exposure 
while undergoing the same procedure. Due to continuing 
improvement of modern-day neonatal care capabilities, more and 
more childrep as well as infants are being examined using 
catheterization procedures. In the past few years, bi-plane C-arm 
device have become the de-facto radiological system for 
children' cathete~ization studies. Children can be sedated and 
maintained in one position on the examination table throughout 
the entire procedure. By manoeuvring the C-arms, flouroscopic or 
cine images in various projections can be easily obtained without 
much, or any,. patient movement or cooperation. Objective of our 
project was to assess the range and average amount of radiation 
exposures to chi 1 d patients undergoing various ,cardiac 
radiological examinations. Measurements were made on phantoms as 
well as patients. Radiation exposures to different size phantoms 
were measured under routine protocols. Results were then compared 
with that obtained on patients under clinical environmeti.ts. All 
measurements were made at entrance and/or exit skin level. 
Thermoluminecent dosimeters were used as the primary measuring 
device complemented with a flat chamber x-ray monitor. The 
results indicated a wild range of values, e.g. for anterior chest 
wall it ranged from 15 mSv to 94 mSv per examination. Correlation 
of radiation exposures to patient size, examination type and 
technique factors were attempted. Scattered radiation patterns 
which determines the amount of staff exposure were also 
investigated. Results in this aspect were in agreement with 
previous reports. Dependent upon the C-arm orientation anq other 
factors, the radiation exposure rate to staff during the 
radiation-on period ranged from minimum to more than 800 mR per 
hour at various locations within the examination room. 



RADIATION EXPOSURE DURING CARDIAC CATHETERIZATION PROCEDURES 

Pierre J .H. Kicken, Johan H.A. Janssen
1
'*, Herman R. Michels*, Chris J. Huyskens 

Eindhoven University of Technology, Health Physics Division 
P.O. Box 513, 5600 MB Eindhoven, the Netherlands 

INTRODUCTION 

For some time there has been an increased interest in more information about 
radiation exposure during cardiac catheterization because of: (i) relatively 
high do::;ps to workers and patient, (ii) rapid increase of numbers of examin
ations, (iii) introduction of new procedure-types (e.g, Percutaneous Trans
luminal Coronary Angiography, PTCA) and (iiii) introduction of new techniques 
(e.g. Digital Subtraction Angiography, DSA). 

This paper reports about a study on the exposure to medical personnel and 
patient in two major hospitals* *'~ in the Netherlands. The total number of 
cardiac catheterization procedures in both hospitals amounts to circa 3000 per 
year (approximately 10% of all cardiac procedures c.q. 20% of all PTCA proce
dures in the Netherlands). This study is related to 1300 cardiac examinations. 

CARDIAC CATHETERIZATION PROTOCOL 

The catheterization team usually consists of one cardiologist performing the 
catheterization, one sterile assistant, one or two circulating assistants and 
personnel behind lead glass walls. Regularly, a cardiologist trainee is involved 
too. Sterile assistance is performed by a member of staff of the catheterization 
laboratory (hospital A) or by a cardiologist (hospital BJ. In hospital A, the 
sterile assistant stays opposite of the investigator on the left side of the 
patient. In hospital B, investigator and sterile assistant stay both on the 
right side of the patient. All personnel in the vicinity of the patient wear 
aprons (0.5 mm lead equivalent). Thyroid collars and lead eyeglasses are not 
used. In hospital B, most of the time a lead apron, attached to a framework, is 
positioned aside the patient table between cardiologist and patient. Protective 
shields are not used in hospital A. Hemiaxial views are obtained with rotation 
and angulation of the C arm in hospital A and with rotation of the U arm and 
table movements in hospital B. Usually, catheterizations are performed with a 
femoral approach. Characteristics about these hospitals are given in table 1. 

DOSIMETRY 

Individual dosimetry was carried out during circa 1000 procedures in 
hospital A and 250 procedures in hospital B. Combinations of filmbadge dose
meters and TLD dosemeters were worn by cardiologists and staff on the forehead, 
on the collar (outside apron), on the sternum (inside apron), the unshielded 
back, the tibia and wrists and indexfingers of both hands. All dosemeters were 
replaced every two weeks. In total 2000 dosemeters were distributed. Job 
dosimetry was performed with electronic personal pocket dosemeter·s worn in the 
breast pocket of lead aprons during 120 procedures in hospital A. 

* Hospital A: Catharina Hospital, Dept. of Cardiology, Eindhoven (NL 5602 ZA) 
** Hospital B: Academic Hospital Maastricht, Dept. of Cardiology (NL 6201 BX) 
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Ambient dosimetry was carried out with integrating dosemeters, placed in 10 
different positions in each laboratory. An antropomorph phantom was used in 
several series of exposure rate measurements in the laboratories during 
fluoroscopy and cineangiography in simulated cardiac procedures. 

Using a Diamentor (PTW Freiburg) with a flat transmission ionisation chamber 
attached to the X-ray tube housing, independent measurements were made of the 
exposure-area product XAP (expressed in R•cm 2

) during both fluoroscopy and 
cineangiography in 200 examinations. 

In addition, data were recorded about procedure type, team composition, 
patient data (weight, length and sex) and fluoroscopy time and cineangiography. 

TABLE 1 DESCRIPTIVE DATA OF THE DEPARTMENTS OF CARDIOLOGY 

hospital A hospital B 

cardiologists/trainees 12 8 
members of staff 9 12 
procedures (1986): 

= total 2000 1200 
= CAG 950 700 
= PTCA 750 40 
= EPS - 250 
= DSA - 30 

radiodiagnostic Philips Poly Diagnost; Siemens Cardioscoop 
equipment Maximus M200 gen.; C-arro Pandor as generator 

with parallellogram support u-arm 
image intensifier 6t and 9 inch 6t and 9 inch 
cine filmspeed 50 frames/s 50 and 25 frames/s 

RESULTS: PATIENT EXPOSURE 

Dose assessments for patients can be based on exposure-area product XAP 
measured with a Diamentor system [NR86]. Measurement results of XAP are given in 
table 2. The mean XAP for all cardiac procedures j_s circa 6100 R•cm 2

• The 
relative contribution of fluoroscopy amounts to circa 40% per examination. The 
mean XAP-value per unit time is 3.8 R•cm 2 /s during fluoroscopy (range 0.4 to 
9.3). During cineangiography at 50 frames/s, mean XAP per unit time is 63 
R•cm 2 /s. (range 26 to 134). Differences in XAP-values per unit time during CAG 
and PTCA were statistically not significant. 

TABLE 2 EXPOSURE-AREA PRODUCT XAP [R•cm 2
] PER EXAMINATION 

all procedures CAG PTCA 
fluor. cine total fluor. cine total fluor. cine total 

mean 2800 3500 6100 1900 3300 5000 3400 3700 6800 
cv (%) 100 55 70 100 53 68 93 56 64 
minimum 120 430 400 120 540 700 280 450 1200 
1st quar. 820 2200 3300 560 2200 3000 1300 2300 3800 
median 1900 3000 4800 1200 3000 4200 2300 3100 5500 
3rd quar. 3500 4600 7700 2500 4100 6700 4300 4600 8900 
95th % 9900 7300 15200 7500 6800 12700 10800 8100 17300 
maximum 13800 8900 24000 8700 8900 16500 12000 8800 18800 
sample size 169 170 209 79 81 98 71 70 84 



Linear regression analysis of the measurement results showed that XAP per 
patient can be approximated with a formula in which fluoroscopy time is 
expressed in minutes and filmlength in meters (regression coefficient= 0.9): 

XAP= 255 • Fluoroscopy time + 60 • Filmlength (I) 

Statistics about fluoroscopy time and filmlength during circa 1300 exami
nations are given in table 3. Mean fluoroscopy time during PTCA is about twice 
as long as during GAG-procedures. The difference in filmlength is negligible. 
Using these recorded data about fluoroscopy and cineangiography the distribution 
of XAP was calculated for 1300 procedures. This distribution is not signHi
cantly different from the ilistribntion of measured XAP values (table 2). 

Analysis of variance showed that differences in fluoroscopy and cine time 
between individual cardiologists in hospital B was not statistically signifi
cant. On the other hand, these differences were quite large in hospital A. 
During CAG mean fluoroscopy time varied between 5 and 16 min; mean cine time 
between 47 and 69 seconds. During PTCA mean fluoroscopy time ranged from 10 to 
24 min and mean cine time from 50 to 67 seconds for different cardiologist. 

TABLE 3 FLUOROSCOPY TIME AND CINE FILMLENGTH 

I Fluoroscopy time (min) I Fi l~~engt~(meters~----
~------ Hospital A Hospital B I Hospital A Hospital B 

~--- all CAG PTCA !all CAG ~~:all~--;:A~-;,~C~ rll~~G 
/ mean 11 7.7 15 10 7.7 59 57 61 49 48 

I 
s.d. 10 7.5 11 9 ~.3 24 21 27 16 19 
1st quartile 4.3 3.4 7.6 5 4 I 45 46 45 40 40 
median 8.0 5.3 12 7 6 56 55 57 48 45 
3rd quartile 15 9.3 19 12 9 70 68 72 50 50 
95th percentile 33 23 36 30 18 I 101 90 110 7~ 90 
maximum 66 59 6~ j ~~? 42 243 216 243 120 120 
sample size 1041 503 38~ 120 11031 502 =~ _ 124 79 

*: Using a 35 mm camera at a filmspeed of 50 frames/s, one second 
of cine angiography corresponds with a filmlength of circa 1 meter. 

RESULTS: OCCUPATIONAL EXPOSURE 

Using General Linear Model procedures, dosimetry measurements were related 
to working conditions. Personnel dose data were fitted with XAP-valnes, tota
lized per monitoring period. XAP-values were calculated with formula (1) from 
fluoroscopy and cineangiography data about those examinations in which each 
person participated. Resulting estimates of organ dose equivalents for workers 
are presented in table 4 (normalized to XAP = 1000 R•cm 2

). Jobdosimetry showed 
that mean dose equivalents of the cardiologist's eyes varied between 10 and 50 
microsievert per 1000 R•cm 2 for different cardiologists. 

Typical mean values for the dose equivalent of the eyelens for CAG 
dures are 0.2 mSv for investigators and circa 0.0~ mSv for assistants. 
PTCA procedures, these estimates are circa 25% higher. 

proce
During 

Using filmbadge dosemeter data the overall effective energy of scattered 
radiation in vicinity of patient was estimated at 35 keV. 



TABLE 4 ORGAN DOSE EQUIVALENT TO WORKERS [microsievert] 
PER EXPOSURE-AREA PRODUCT XAP OF 1000 R•cm 2 

hospital A hospital B 
I II III I II III 

eye 30 10 10 20 10 3 
thyroid 25 5 5 20 7 2 
trunk (front) 
trunk (back) 0.5 0.8 

I tibia 30 20 2 35 20 3 
I left hand 25 5 5 15 10 3 
I nght hand 5 7 5 7 7 3 l I ~ inv;stigator II sterile assistant III circulating assistant 

DISCUSSION 

Using the method of dosimetry index described by Huyskens [Hu88], personnel 
dose data were evaluated. In hospital A the dosimetry index for investigators 
varied between 30 and 50% ; for members of staff of the catheterization labora
tory between 10 and 20%. Due to a lower workload, the dosimetry index for 
cardiologists in hospital B was less than 25%. For members of staff in hospital 
B, the dosimetry index was only a few percent. For cardiologists and staff the 
dosimetry index for the eye is higher than any other dosimetry index. Using 
dosimetry index for classification of working conditions, it is concluded that 
cardiac catheterization procedures are to be classified as working condition A. 

Calculated XAPs were compared with XAP-values of some common types of X-ray 
diagnostic examinations as reported by NRPB [NR86]. Ratios of mean YAP for 
ca1diac procedures and mean XAP for diagnostic procedures are: chest 120; ab
domen 10; lumbar spine 5 and barium enema 1.5. 

The smaller amount of filmlength in hospital B is a result of a lower 
filmspeed during coronary angiography recordings (25 frames/s instead of 50 
frames/s) [JaBS]. However, the expected reduction is partly compensated by 
taking more cine recordings per examination. 
This study confirmed that during LAO-views (rotating the X-ray tube towards the 
investigator) radiation exposure to the investigator is much higher (10 times or 
more) than during RAO-views. LAO-views should be replaced as much as possible by 
RAO-views. 
It was concluded that lead aprons of 0.35 mm lead equivalent, protecting a 
larger part of the body are to be preferred. 

This study confirms that the practice of cardiac catheterization needs 
adequate individual dosimetry and intensive radiation protection managment. 

REFERENCES: 
[HU88] Huyskens Chr. J,,l988, "Dosimetry index: a useful concept", paper 465 this 

proceedings. 
[Ja85] Janssen J. e.a.,"Radiation reduction during cardiac cineangiographic 

procedures using a video image processor",Proceedings of the .~ernational 

Symposium Computer Assisted Radiology (1985), Springer-Verlag Berlin 
[NR86] National Radiological Protection Board, "A National Survey of Doses to 

Patients Undergoing a Selection of Routine X-ray Examinations in English 
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THE EFFECT OF THE CHERNOBYL ACCIDENT ON THE 
NUMBER OF RADIOGRAPHIC EXAMINATIONS IN GREECE 

C. Proukakis, E. Georgiou, c. Ntalles, M. Niagasas, 
M. Molfetas and s. Kyrkanidis 

Dept. of Medical Physics, School of Medicine, 
Athens University, Goudi, 115 27 Athens, Greece 

ABSTRACT 

The radioactive cloud of the Chernobyl accident reached Greece on May 2, 
1986. Public anxiety, with many sings of panic, started on the night of May 
5/6, when the first protective measures were officially announced, and lasted 
for about two months. Many people imposed to themselves, their families and 
particularly their children, additional countermea5ure5 which included indoor 
staying, consumption of canned food only, intake of stable iodine etc. and 
avoided exposure to medical radiation, by refusing medically indicated x-rays. 
Since this latter "countermeasure" can be measured,we have checked the number 
of roentgenologic examinations of the Athens Children Hospital and of several 
General Hospitals over Greece, during the period May and June 1986 in compa
rison to the same months of the years 1984 and 1985. 

The results showed that a significant decrease of the number of x-rays 
examinations was observed. This decrease was more marked in the Children 
Hospital than in the General Hospitals and in both cases was more marked for 
out-patients than for in-patients. 

It is concluded that the.Chernobyl panic effect decreased the overall 
medical uses of radiation and particularly this effect was more marked for the 
examinations taken in the more radiosensitive part of the population, namely 
the children, while it was less marked for the x-rays taken in the people in 
more need of medical attention, that is the in-patients, who also were under 
closer conduct with their doctors, and therefore probably they were influenced 
by them. 
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HIGH CONTRAST IMAGES FOR THE VERIFICATION AND DOCUMENTATION 
OF TREATMENT FIELDS DURING TELETHERAPY 

SchUtz, J., Kronholz, H.L., Schnepper, E. 
University of MUnster/Germany 

Dep. Radiotherapy 

SUMMARY 

High contrast images are necessary for the control 
and subsequent correction of the treatment area before radio
therapy begins, and to document the actual treatment field 
during radiotherapy itself. Several different combinations 
of film enclosed by metal foils were investigated to record 
the radiation field position. It was found that most commer
cially available types of X-ray diagnostic films especially 
those with a high gamma were suitable for verification of the 
field position (field localization). To document the field 
position during radiotherapy (field documentation) an other 
film with a characteristically coloured film base to dif
fere~tiate this image from other types of image was prefered. 
For the foil, both copper and steel, enabled high contrast 
images from photons with energies of 1 to 15 MeV. 

INTRODUCTION 

In teletherapy, individual formed irradiation fields 
using irregular shields and blocks are routine . .It is there
fore necessary to be able to check the position of the radia
tion treatment beam and location of the shielding blocks with 
respect to the patients anatomy. Two separate types of image 
are necessary. Firstly an image is needed just before the start 
of radiation process (field localisation). It is taken with 
the X- or gamma radiation of the therapy machine. One exposure 
is given with the shielding blocks and the field size set as 
though the patient were to be really treated; the other ex
posure is given with a large open field and the schielding 
blocks removed. 

Secondly an image is obtained during the irradiation pro
cess itself to document the actual treatment area (field docu
mentation). This image is also a document of the actual radia
tion treatment and can be used to evaluate localisation erros 
which may occur during treatment or to provide information 
for any subsequent queries about the treatment procedure. 
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FOIL MATERIAL 

Imaging with high energy X- or gamma radiation is a widely 
used nondestructive testing method for inspection of thick 
or metallic objects. Several types of image receptors used 
in nondestructive testings have therefor been used for treatment 
field imaging. However, the most commonly used technique employs 
a special radiographic film, often in ready pack, to use with 
or without lead screens of various recommended thicknesses. 

Although lead has been recommenoP.d as a suitable foil 
material its use has limitations too. Its interaction with 
photons of lower energy, which are produced when the primary 
phontons are scattered in the patient, is much stronger than 
with the higher energy primary photons (Fig.1). This leads 
to images with an inherently poor definition. In contrast, 
steel or copper have generally a reduced amplification of 
photons especially for those with lower energies and there
for produce images with a higher definition. Steel has the 
additional advantage of an harder surface than copper thus 
being of better use for the oaily routine work. 

Figure 1: 
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Relation between relative image intensification and photon 
energy of lead and iron foils (taken from Beck 1982). Note 
the greater intensification when low energy photons (secondary 
scattered photons) are incident on the lead foil. 



FOIL THICKNESS 

In contrast to X-ray diagnosis, which uses an image inten
sifier foil that absorbs primary photons and emits secondary 
photons with a specific energy, the metal foil used during 
radiotherapy, produces compton electrons to interact with the 
film. The optimum intensification ·of the image occurs when 
the thickness of the foil is a little thinner than the mean 
free path of the compton electrons in the foil. Therefore the 
thickness of the foil must be matched to the energy of the 
primary photons. Practically a 1 mm thick foil in front of 
the film is suitabel up to 4 MeV-photons whereas for higher 
energy photons a 2 mm thick foil is necessary. 

In addition to a metal foil in front of the film, there 
is also a metal foil at the back of the film which serves to 
back-scatter electrons which have passed through the film. 
The backscattering effect increases with the increase of the 
foil thickness up to a maximum (approx. 0.5 mm). Greater thick
nesses do not offer any additional benefit. 

Rear screens do not improve the contrast but there is 
a benefit in speed. The selection of metal screen materials 
and thicknesses are also influenced by practical considerations 
f. i. cassette weight, durability and the speed of the film 
being used. 

FILM 

To produce field localization images any diagnostic ~-ray 
film may be used. However to reach best results films with 
especially high Gamma are needed. Several different and commer
cially available films were tested. Outstanding results were 
obtained using the Cronex 7 film (DuPont). 

To produce documentation images of field position during 
radiotherapy treatment a film with reduced speed wich can be 
processed automatically in 90 sec. is needed. To make identi
fications in the daily routine easier it would be useful to 
mark the film base differently to the usual film base. At pre
sent, this special characteristic is only offered for DOT-1 film 
(DuPont). 

Using films of either a 35 em x 43 em or 24 em x 30 em 
format all radiotherapy fields of interest can be studied. 
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CONCLUSION 

Both, copper and steel foils enable high contrast images 
in an energy region from 60Co to 15 MeV-Linac, lead is not 
recommanded. Steel has the advantage of being more robust, 
and hence being more suitable for routine use. 

Influenced by the large size of 60Co and 137Cs sources 
and the often used short treatment distance a significant reduc
tion in resolution and image quality is unavoidable. 

To make the identification of localization and documenta
tion film easier differently colored film bases are helpfull. 

A significantly improved reproduceability of the irradia
tion fields was found. 

The technical personal becomes more actively involved 
in the treatment process and therefor becomes highly motivated. 
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RADIATION SHIELDING DESIGN AND SURVEYING OF 
RADIODIAGNOSTIC AND RADIOTHERAPY INSTALLATIONS 

BASED ON SEVERAL COMPUTER CODES 

E. Ne'ernan and S. Brenner 
Research Inst. for Env. Health 

Sackler Sch. of Medicine, Tel-Aviv Univ., Israel 

and 

S. Faermann 

ABSTRACT 

Radiation shielding is the most important tool for radiation protection of the 
public and the worker around radiation installation. 
The shielding design of existing irradiation facilities require the use of a 
computerized approach for calculating the shielding for any medical installation. 

The limitation of probable genetic effects is achieved by recommendation known 
as the ALARA concept. This requirement implies that further shielding additions, 
lead to exposure reductions which are not significant when compared with the 
increasing costs involved - "Optimization of radiation protection". 

The starting point for our computerized approach will be the NCRP 49 and 
NCRP 51 protocols,while adopting several modifications needed by the ALARA 
concept and for multiple sources of radiation. 

The method described should help develop framework and uniform approach for 
design shielding and prevent overshielding of radiation protection. 

Irradiation facilities included in the present research are: 
A. X-Ray Diagnostics - Radiography + Fluoroscopy units, CT scanners, Panoramic 

Dental Radiography units. 

B. Radiotherapy - X-Ray Therapy Apparatus (50-500 kVp) Elect~on Linear 
Accelerators, Cobalt-60 Teletherapy Machines. 

C. Industrial Radiography - X-Ray: Portable Directional Apparatus ~300 Kv), 
Electron Linear Accelerators. 

Gammagraphy: Co-60, Ir-192, Cs-137 . 

To perform the calculations,workloads are acquired for each of machine used 
in the room. Each source should be considered separately because of the 
different parameters associated with each source at its location in the room. 
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INTERNAL CONTAMINATION IN NURSES ATTENDING PATIENTS, THAT RECEIVED 
THERAPEUTIC AMOUNTS OF RADIOIODINE-131* 

W. Termorshuizen and A.J.M. Gerritsen 
University Hospital, Dept. Health Physics, Leiden, the Netherlands 

INTRODUCTION 

The most frequent and often very successful used unsealed 
source in Nuclear Medicine and Radiotherapy is the radioiodine-131 
for the treatment of thyroid carcinoma and hyperthyroidism. Always 
there i~ a yreaL concern about the health physics of radioiodine 
and possible internal contamination involved in high level 131-I 
thyroid therapy cases, in particular to the thyroid as target and 
limiting organ. 
This report deals with 131-I air concentrations and internal con
tamination in nurses attending these patients under two different 
conditions. 
During the past three years a change took place from the old 
building, where we had an unventilated two-bed nursing room, to a 
new building where we have rooms with forced ventilation and air
conditioning (refreshment five times per hour). From both external 
exposure caused by radioiodine treated patients and internal con
tamination due to ingestion and inhalation of 131-I, we calculated 
the dose-equivalent to the thyroid and the effective dose-equiva
lent to our health care personnel. 

MATERIALS AND METHODS 

In our hospital radioiodine-131 is given orally as a liquid in 
quantities of 185-925 MBq for the treatment of hyperthyroidism 
(uptake range 26-89%, mean value 67%) and up to 7 GBq for the 
treatment of thyroidcarcinoma and metastasis. In general the 
patients need only low care, which results in a maximum nursing 
time of 10 hours/week. 
After drug administration the patient is not allowed to leave the 
room for three days on an average, until both the acceptable level 
of total body activity is reached (less than 370 MBq) and the fast 
excretion phase is over. 
In both the old and new housing about 140 patients are treated 
yearly with 131-I for therapy, together with 65 patients diagnosted 
with amounts of 37 to 185 MBq. All health care personnel involved 
is classified as radiological worker category A, wearing personal 
filmdosimeters and as a standard undergoing periodically thyroid 
activity measurement. In this department the job is done by 20 
colleagues. 
Following ICRP-30 the annual limit on intake of 131-I amounts 
1 MBq by ingestion and 2 MBq by inhalation, we use an investigation 
level amounting to 1/10 of the ingestion value. 

*Acknowledgement: 

This work was supported by the Dutch Ministry of VROM, Directory 
Radiation Protection. 
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MEASUREMENTS 

In this study airborne 131-I contamination was measured with 
the Herfurth Air Sample Collector (H-l351N), intake at 2 metres 
above the floor of the two-bed nursing rooms. 
Both volatile iodine and aerosols were measured periodically during 
the first 3 hours, 24 hours and patients' total residence time after 
drug administration. From the measurements we learned that the 131-I 
activity mainly consists of volatile iodine compounds or very low 
AMAD particles. Internal contamination control in both nursing 
personnel and administrators was performed with the Whole Body 
Counter (WBC) of the Institute for Radinpa~hology and Radiation 
Protection (J.A. Cohen Institute, Leiden, the Netherlands). This 
WBC consisted of four Nai-detectors 0 4,75 x 4 inch placed in a 
measurement room having a wall thickness of 10 em aged-lead. The 
sensitivity of the system amounts 30 Bq of 131-I for a 30 min 
counting time. 

RESULTS 

The degree of air contamination during above mentioned periods 
was correlated to both the administered activity and the excreted 
activity; in all cases the coefficient of correlation is bad 
(< 0,750). Table l deals with the 131-I concentrations in both the 
unventilated and the conditioned room at a mean administered 
activity of 3,8 GBq per patient. 

Table l. 

Period 

3 h 

24 h 

total residence 
time 

131-I concentration in air ln the 
therapy room. 

Unventilated room Conditioned room 
mean value mean value 

range Bqjm3 Bq/m3 range Bqjm3 Bq/m3 

44 - 1428 400,7 2,2 - 114 43,6 

3,9 - 737 236,6 0,7 - 92 24,2 

1,9 - 585 105,2 0,3 - 53 15,1 

The distribution of the internal contamination of nursing 
personnel is given in figure 2, from which are calculated the mean 
and median values of this activity. From these data we learn that, 
in the new housing, this nursing personnel has a significant 
higher (although low) degree of contamination, probably due to 
little experience in contamination risk and unfamiliarity with 
this treatment. 
Figure 3 shows the internal contamination in persons who dispense 
and administer the oral radioiodine quantity. 
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Figure 3 : 

Distribution of the internal 
contamination in personnel 
dispensing and administering 
the liquid iodine-131 thera
peutic quantities. 

In case of nursing personnel we calculated, from the elapsed 
time between possible intake and WBC-measurernents, a mean weekly 
intake of about 60 Bq I-131. From the airmeasurements, and the 
maximum total residence time of the personnel in the nursing rooms, 
we learned that most of the internal contamination can be ascribed 
to ingestion for lack of discipline; pointing out that the sanitary 
facilities are highly contaminated in this unit. 
Following ICRP-30 the mean dose equivalent to the thyroid is 4,5 
man.mSv/y, resulting in an effective dose equivalent of 135 man
~Sv/y. Personal dosimeters indicate that the dose equivalent due 
to external radiation does not alter this figure significantly. 
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As can be seen from figure 3, even workers handling the therapeutic 
quantity are contaminated at a low level, resulting in an effective 
dose equivalent of 65 man.~Sv/y, however this work is done by only 
a few men. 
From the mean values of air-contamination and amount of refreshment 
together with the residence time of the patients and the volume of 
their room, can be calculated that the total airborne activity is 
about 10-3 of the administered quantity. 
Besides that, no other waste is discharged directly to the environ
ment, because we have decay-tanks and a decay-facility for solid 
waste. 

CONCLUSION 

In the present situation it is possible to nurse patients, 
having a low iodine uptake, treated with quantities up to 7 GBq 
without a significant radiation exposure to the health care per
sonnel. However, it is necessary that the working conditions are 
judged by a health physicist, the discipline is near perfect and 
monitoring is performed on a regular basis. 
Under these conditions, refering to the relative low air-contami
nation, even moderate care patients may be treated, mainly result
ing in a higher external exposure of the personnel. 
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"S" -ABSORBED DOSE PER UNIT CUMULATED ACTIVITY 
FOR SELECTED RADIONUCLIDES IN ORGANS OF PEDIATRIC MODELS 

Robert E. Simpson 
Nucleon Lectern Associates 
P.O. Box 430 Olney, MD, USA 

and 

Donald R. Hamilton, Mark Cristy, 
K.F. Eckerman and J.C. Ryan 

ABSTRACT 

The Center for Devices and Radiological Health of the U. s. rood 
and Drug Administration and the nuclear medicine community have 
been aware that size, structure, and functional differences 
between pediatric and adult patients influences absorbed 
radiation doses. The knowledge of pediatric radiation doses has 
been limited because of the lack of suitable mathematical models 
and the knowledge of the biodistribution of radionuclides in 
children. 

Using a series of pediatric phantoms, explicit mathematical 
expressions (5-factors) have been calculated accounting for age 
differences in orqan masses, size, shape, and position as 
deteunined ftom a11atomical refe_lenc.;~s im.:luuing distribution of 
active marrow. As a result a number of changes in the S-factors 
differing significantly from those previously published for the 
adult have been developed. Models for the neonate, one, five, 
ten and fifteen-year old will be presented along with a 
description of differences in the S-factor data. Nuclear decay 
data have been updated in the revised calculations. 

In addition, the s-factors have been tabulated for some 23 
radionuclides, selected based o~ their actual or potential use in 
diagno•tie nuclear medicine. An examination of the•e data 
reveals differences in absorbed doses between the ages ranging 
from two to ten for some emitters. When compared to the adult 
the pediatric organ doses are all greater than experienced by the 
adult. Clearly the earlier practice of applyi~g adult data to 
pediatric patients resulted in underestimates of the doses to 
children. 
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PATIENT EXPOSURE IN GENERAL DENTAL PRACTICE IN THE NETHERLANDS. 

X.L. Velders, H.A. Selling 
ACTA ( Academic Center for Dentistry Amsterdam) 

INTRODUCTION 

Today radiolo~i has become an important factor in dental 
diagnosis. Although the risk of a single radiograph is low if 
properly conducted, the frequency of these radiographs is rather 
high and still increasing. 

To estimate the population risk due to dental radiography an 
investigation was started among 1200 dental practitioners. A 
questionnaire was set up to inventory commonly applied indica
tions of X-ray examinations, the number of examinations and the 
organizational actions taken by the dentists to limit radiation 
doses to the patients. Information was gathered on the type of X
ray machines, the use of aiming devices, protective measurements 
for patients and dental staff, developing procedures as well as 
the type of films. 

A number of practical tests was applied to obtain a quanti
tive impression of patient doses in accordance with special 
circumstances. For the practical tests films and lithium fluoride 
TLD-100 chips (Harshaw) were used to determine the beamdiameter, 
the exposure of the X-ray machine and the scatter at a set dis
tance of the middle of the beam, developing circumstances as well 
as entrance and exit skindoses measured on the skin of a patient. 

The results of 544 dental practices will be discussed. 
Finally an estimation of the possible extent of reduction in 
patient exposure in the Netherlands will be made. 

RESULTS 

Nearly 80% of the X-ray machines used were made by Philips, 
operating at 45, 50 or 65 kVp. Siemens X-ray machines were used 
in 7% of the dental offices while other manufactures were repre
sented in less than 5% of the practices. 

45% of the X-ray machines were operating at 65 kVp, 41% at 50 
kVp. The kilovoltage used ranged from 45 to 90 kVp. X-ray 
machines of 65 kVp or more were all provided with open end cones. 
Still 30% of the X-ray machines were provided with circular 
pointed cones. 
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The mean exposure per radiograph of all X-ray machines was 
142xlo-6 C/kg. For X-ray machines operating at 50 kVp the expo
sure was 20lxlo- 6 C/kg, for 65 kVp 8lxlo- 6 C/kg. The mean entran
ce skin dose was 4.83 mGy, for X-ray machines of 50 kVp 6.70 mGy 
and of 65 kVp 2.80 mGy. X-ray machines provided with a circular 
pointed cone caused an exposure of 245xlo- 6 C/kg in comparison 
with 98xlo- 6 C/kg for open end cones. The entrance skin doses 
for these different types of cones were 8.35 mGy and 3.30 mGy. 

At a fixed distance of the middle of the beam scatter was 
measured 
scatter 
mGy. No 

only when circular pointed cones were used. The 
measered caused an additional entrance skindose of 

scatter was measured for open end cones. 

Tabel 1: Mean exposure and entrance skindose for 
X-ray machines of 45 till 90 kVp. 

Exposure S.d. s.e. Skindose s.d. s .e. 
kVp C/kg mGy 

xlo- 6 

Mean 142 147 7 4.83 4.83 0.24 

45 394 174 71 16.22 7.41 3.02 
50 201 180 14 6.71 5. 71 0.44 
56 278 160 80 9.16 6.37 3.19 
60 200 211 56 6.17 4.66 1. 25 
65 81 59 4 2.80 2.18 0.16 
70 73 62 10 2.53 1. 82 0.29 
90 51 2.27 

mean 
0.20 

In 48% of the dental practices Kodak Ektaspeed films were 
used. The mean exposure measured in those practices was lOOxlo- 6 

C/kg instead of 178xlo-6 C/kg in the other practices. The entran
ce skin doses were 3.23 mGy and 6.14 mGy. Theoretically a reduc
tion of 40% in exposure by using Ektaspeed films instead of 
Ultraspeed films was expected. The reduction was even higher 
because of other influences: dentists using Ektaspeed films had 
more often X-ray machines operating at higher kVp's and had more 
often X-ray machines provided with open end cones. 



The mean number of 
number of X-rays taken 
nations: 1.75 exposures 

patients was 2055 per practice. The mean 
was 748 each year during 427 X-ray exami
per examination. Approximately 20% of the 

patients were examined radiographically each year. 
65% of the dentists made 2 bitewing radiographs of new pa

tients routinely. In nearly 60% of all practices these bitewing 
radiographs were repeated at set intervals, more than 90% within 
3 years. 

Most radiographs were made of patients between 20 an 30 years 
of age (35%) and between ll and 20 years ot age (32%). 

In 81 % of the dental practices radiographs were automatical
ly processed while in 18% films were developed manually. Dentists 
using automatic film processing procedures caused less exposure 
and skindoses than other dentists. The low mean exposure in this 
group 
film 
ting 

was caused by other influences: dentists using automatic 
processing procedures had more often X-ray machines opera
at higher kVp's, more often X-ray machines provided with 

open end cones and they used more often automatic timers than was 
used in the total group. No differences were found between both 
procedures if the results were corrected for the influences as 
mentioned above . 

The mean exposure was 135xlo- 6 C/kg for automatic film 
processing and 220xlo- 6 C/kg for all kinds of manually film 
processing. The mean entrance skin dose for both kinds of 
processing was 4.34 mGy and 6.90 mGy. 

The films used to control film processing indicated that the 
mean density of the X-ray films was less than films developed in 
a standardized way. More than 60% of the dentists could improve 
their developing procedures. 

Lead aprons and thyroid collars reduce the effective dose
equivalent. The influences of these protective measures couldn't 
be measured directly during bitewing radiography with the LiF 
TLD-100 on the cheek of the patient. In the sample 54% of the 
dentists had a lead apron, 15% a lead collar. In 38% of the 
dental practices these protective measures were used during all 
exposures for every patient. 

The use of aiming devices can cause a reduction in patient 
exposure of 40% if the beam is shielded. These reductions can not 
be measured during bitewing radiography by the measuring 
technique used in this study. In 8 % of the dental practices 
aiming devices provided with an extra diafragm were used. 
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DISCUSSION AND CONCLUSIONS 

If all X-ray machines operating at 50 kVp provided with 
circular pointed or open end cones are replaced by X-ray machines 
operating at 65 kVp, a reduction in exposure of 58% is possible 
in 41% of the dental practices reducing the mean exposure to: 

( 1 - 0.58 x 0.41) x 142x1o- 6 = 108x1o- 6 C/kg 

If Kodak Ektaspeed films are used in all practices a reduc
tion in exposure of 40% in 52% of the dental practices will 
result in a decrease of exposure to: 

( 1 - 0.40 x 0.52) x 142x1o- 6 = 112x1o- 6 C/kg 

Filmprocessing can be improved in 60% of the dental prac
tices. However no differences in exposure were found as far as 
"good" or "bad" developing procedures were compared. In 51% of 
the dental practices the exposure was at least 32% higher than 
expected to receive a good radiograph. If the over-exposure is 
reduced, the mean exposure will decrease to: 

( 1 - 0.32 x 0.51) x 142x1o- 6 = 119x1o- 6 C/kg 

Finally a total reduction in patient exposure can be estima
ted by multiplying all possible reduction factors: 

0.76 X 0.79 X 0.84 = 0.50 

The mean exposure for a bitewing radiograph can therefore be 
reduced by 50% to 71x1o-6 C/kg. It is possible to reduce the risk 
due to dental radiography in the Netherlands by 50% if all 
measures as discussed before will be carried out. 
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THE DEVELOPMENT AND OPERATION OF A DENTAL MONITORING SERVICE 
INVOLVING THE REMOTE DETERMINATION OF X-RAY BEAM PARAMETERS. 

A P Hudson, J M Hewitt, J R Croft and G A M Webb 
National Radiological Protection Board, 
Chilton, Oxon. OX11 ORQ, U.K. 

INTRODUCTION 

In 1973 NRPB introduced a postal service for the radio
logical safety assessment of dental radiography equipment 
and procedures. Experience of survey visits to dental practices 
prior to this had demonstrated that improvements to dental X-ray 
equipment and attention to correct operating procedures could 
result in the significant reduction of unnecessary exposure of 
the patient and dental staff, and also shown that to offer a 
service to the large number of dental practices in the country 
would require a postal method operated from a central laboratory. 
Advantages of such a service include the ability to maintain a 
low unit cost per X-ray set, the creation of a central point of 
reference for radiological safety in dentistry having a very 
comprehensive background of data, and minimum disruption to the 
normal practice routine. 

I 
A test cassette for exposure at the tip of the director 

'cone' of the dental X-ray set was developed to acquire inform
ation regarding the operating parameters, ie operating potential, 
total beam filtration, patient entrance dose per exposure, and 
X-ray beam size(ll The cassettes use Agfa-Gevaert double emul-
sion radiation monitoring film to obtain the necessary dynamic 
range of exposure sensitivity required for accurate and reliable 
assessment of these parameters by means of relative transmission 
measurements through a range of copper filters. For each X-ray 
set four cassettes are despatched to the practice, to be exposed 
at specified 'timer' settings, together with a questionnaire 
relating to general radiography procedures. 

During the period 1978 to 1985 the Health and Safety 
Executive adopted the postal service to increase effectiveness in 
inspecting dental practices, and to obtain information for 
assessing standards in relation to the Euratom Directive on 
Radiation Protection. Some 7,000 X-ray sets were assessed in 
this period and the results of the survey have been analysed to 
provide an indication of the general standard of dental X-ray 
equipment and its operation, to identify the factors affecting 
both patient and staff doses, and to provide the data for a cost
benefit study of the service. 
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SURVEY RESULTS 

The equipment deficiencies, reported as a percentage of the 
total number of X-ray set assessments are shown in Table 1. 

Table 1. Summary of equipment assessment results 

Equipment deficiency % of sample 

Operating potential < 50 kv 50.4 

Total beam filtration < 1.5mm Al 11 

Beam diameter > 7.5cm 12 

Beam diameter between 7. 5 and 6.0cm 9 

No X-ray warning light 6 

Incorrect operation of 'timer' 13 

The significant percentage of sets operating at potentials 
less than 50 kV reflects the large number of older imported 
European dental units still in use in the UK. No general 
regulatory measures have been introduced to restrict their use, 
but because of the relatively high patient entrance dose 
necessary to achieve normal radiographic densities with such 
equipment, recommendations have been made to cease using sets 
operating at less than 40 kV. With the current availability of 
faster Group E dental film, a recommendation to adopt this film, 
to ensure patient entrance dose is not excessive, is now made for 
the remaining equipment operating below 50 kV. It is our 
experience that optimum diagnostic results are achieved with 
potentials in the range 60 to 70 kV, but the survey shows only 
8.8% of sets operate within this range. 

Where total beam filtration was assessed as inadequate the 
cause was generally the omission, or loss, of any additional 
aluminium filter. The inherent filtration of the tube assembly 
lies within the range 0.7 to 1.0 mm A1 equivalent giving a 
patient entrance dose per radiograph a factor of 2 to 1.5 greater 
than that for equipment having the minimum requirement for beam 
filtration. 

The current recommended maximum exit beam diameter for 
dental x-ray equipment is 6.0 em. Equipment having x-ray fields 
greater than this value falls into two categories, very old 
equipment with beam diameters in the range 9.5 to 11 em and 
equipment supplied with an exit beam diameter between 7.5 and 
6.0 em, reflecting earlier code of practice guidance. The use of 
a rectangular aperture to collimate the X-ray beam to just 
greater than the film size, with consequent dose savings to the 
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patient and a substantial reduction of scattered radiation, was 
only found in 6 X-ray units from the total sample of 7,000. From 
experimental results of measurements of scattered radiation to an 
operator positioned at 1.5 metres from the patient, for a range 
of x-ray beam diameters, a power law equation has been derived by 
means of which it is possible to assess the dose savings 
associated with correction of the deficiencies identified above. 

As well as equipment deficiencies, inadequate radiography 
procedures may also contribute to unnecessary patient and staff 
exposure. The most frequently occurring procedural changes 
recommended are summarised in Table 2. 

Table 2 Summary of recommended procedural changes 

Recommendation % of sample 

Improve processing conditions 47 

Direct x-ray beam away from 
inadequately shielded areas 43 

Reduce radiographic exposure 40 
(patient skin dose exceeds 15 mSv) ( 5) 

Do not hold film or tube housing 9.5 

Contributory factors to the high incidence of excessive 
radiographic exposure are varied and may not always be apparent 
to the operator. Where the patient skin dose exceeds 15 msv, 
however, the density of a correctly processed radiograph should 
be such that most diagnostic information is obscured and the 
requirement to reduce exposure should be obvious, although in 
practice even this is not always appreciated. In all cases the 
adoption of 'optimum' exposure values will not only produce a 
significant dose saving but will provide radiographs of much 
improved diagnostic value. x-ray sets having anatomically 
pre-programmed exposure controls should lead to the use of 
acceptable dose levels, however, overriding controls such as 
film speed control and in particular long cone/short cone 
settings can, if incorrectly used, lead to excessive doses. 

COST BENEFIT ANALYSIS 

As part of a review of the efficacy of this service as a 
means of enforcement by the controlling authority (HSE), a cost 
benefit analysis was carried out. This indicated that if all the 
recommendations for dose reduction were implemented by the entire 
dental profession, the annual savings in collective dose for 
staff and patient doses would be 5 and 120 man.Sv respectively. 
Using the then (1984) prevailing NRPB provisional costing frame
work, these dose savings represented detrimental cost savings 
totalling £300k per annum. The cost of the dental monitoring 



programme was approximately £70k per year and most of the 
improvements were procedural or incurred little cost. Whilst 
the assessment had other inputs, this strongly indicated the 
effectiveness of the programme. 

THE CURRENT PROGRAMME 

The introduction of the Ionising Radiations Regulations, 
1985 in the UK provided a fresh impetus to review dental 
practices. At this time the Health and Safety Executive took the 
view that the cost of surveillance should fall on the dental 
profession. As a result, the Dental Monitoring Service operated 
by the NRPB was enhanced in 1986 to encompass all aspects of 
radiological safety in dental practice, and is now made directly 
available to the dental profession. 

Among the enhancements is a check on the processing of 
radiography films, which is frequently not carried out to a 
standard that achieves optimum results. It is often the case, 
for example, that X-ray exposure is increased to compensate for 
inadequate development conditions. To provide the dentist with 
constructive comments relating to the processing of radiographs a 
pre-exposed film, a radiograph of a carefully chosen copper step 
wedge, is sent to each practice to be processed by the normal 
routine procedure. This film is returned to the laboratory where 
the optical densities of the filter areas are compared with a 
reference film processed under optimum conditions. The shape of 
the density difference curve provides the diagnostic information 
to identify the cause of any sub-standard processing. 

The radiological safety assessment of panoramic x-ray 
equipment has previously been carried out by visiting the 
practice. A postal cassette has now been developed which enables 
a complete assessment of the equipment to be made following a 
simple exposure by surgery staff. The cassette is designed to 
locate and attach to the cassette holder of the x-ray set and 
contains a strip of x-ray film to record the beam size and 
position, together with an arrangement of two radiation 
monitoring films with various copper filters to enable the 
assessment of kV, total beam filtration and dose per exposure 
cycle at the receiving slit. In use, the postal cassette is 
exposed simultaneously with a normal diagnostic film. The image 
on this diagnostic film indicates any non-uniformity of 
radiographic exposure which may be caused by mechanical or 
exposure timing problems. 

The Dental Monitoring Service now provides a cost-effective 
means for the dental practitioner to obtain all the information 
needed to comply with statutory requirements, and maintain 
quality assurance checks on equipment to ensure that maximum 
diagnostic information is obtained with minimum radiation dose to 
the patient, dental surgery staff and the public. 

REFERENCE 

1. Hewitt J M, The development and operation of a method for 
the remote determination of x-ray beam parameters used in 
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OOSE DISTRIBUTION IN ORAL RADIOGRAPHY 

P.F. van der Stelt* and A. Zwigt** 
* Dept. Oral Radiology, 

Academic Center for Dentistry Amsterdam, Amsterdam 
** Bureau of Environmental Safety, 

Limburg University, Maastricht 
the Netherlands 

Although the patient dose due to oral radiography is not very high per 
examination (at least in comparison to other radiographic procedures in medi
cine), the frequency of these examinations is high enough to warrant further 
investigations of dose distributions in standardized experiments. 

Dose measurements were performed by means of LiF-100 thermoluminescence 
dosimeters in an Alderson Rando phantom, that was specially adapted to enable 
ccnprehensive measurements in the head and neck region. The measurements refer 
to several dental X-ray devices, projection techniques, kV-settings, film 
types and measures for dose reduction. In addition, some other X-ray techni
ques used to show a larger area of the skull were involved in this study. The 
effective dose equivalent was calculated for each of the techniques and the 
related parameters. 

The Heff rangeEf form .002 to .660 mSv. This corresponds to a fatal risk 
in the order of 10- or 10-7 per examination. The results of this study will 
be used to estimate the population dose due to oral radiodiagnosis in the 
Nether lands in a current investigation. 

INTRODUCTION 

Many publications have appeared concerning dose measurements and risk 
estimations in oral radiography, based on in vitro and in vivo studies. These 
studies show a large variance due to the small beam diameter as applied in 
oral radiography and the complicated anatomical structures in the facial 
region. These factors make that a small deviation of the projection geometry 
results in a considerably different dose distribution in the patient. 

Although the patient dose due to oral radiography is not very high per 
examination (at least in comparison to other radiographic procedures in medi
cine), the frequency of these examinations is high enough to w~ant further 
investigations of dose distributions in standardized experiments. The aim of 
this study is to determine the dose distribution in the body, especially in 
the head and neck region during radiodiagnostic procedures as usually applied 
in dentistry. Factors that influence the dose should be considered as well. 
These factors include technical parameters like kV settings and aiming 
devices, differences between v~ious projection techniques and the effects of 
radiation protection measures. 

MM'ERIAL AND METHODS 

Dose measurements were performed by means of LiF-100 thermoluminescence 
dosimeters in an Alderson Rando phantom. Special provision were made in this 
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Table I, Effective dose equivalent for several intra-oral dental radiographic 
techniques. The kV and mAs values were adjusted to produce radiographs of 
constant density. 

technique kVp 

complete m:Juth survey, bissectirig angle technique, 
20 radiographs, Ultraspeed film 
- GE-1000 50 
- Philips Oralix 65 
- Philips OralLx fi5 
- Philips Oralix 65 
- Ritter Expl. 75 
- GE-1000 90 
- GE-1000 75 

diaphragm x . 5 7 5 
with lead apron 75 
with lead collar 75 

356.5 
123.0 
127.0 
131.0 
231.8 

46.1 
92.1 
92.1 
92.1 
92.1 

complete m:Juth survey, paralleling technique, 
20 radiographs, Ultraspeed film 
- GE-1000 50 
- GE-1000 90 
- GE-1000 75 

with lead apron 75 
with lead collar 75 

477.4 
61.2 

122.4 
122.4 
122.4 

complete m:Juth survey, bissecting angle technique, 
20 radiographs, Ektaspeed film 
- GE-1000 50 
- Philips Oralix 65 
- Philips Oralix 65 
- Philips Oralix 65 
- Ritter Expl. 75 
- GE-1000 90 
- GE-1000 75 

diaphragm x .5 75 
with lead apron 75 
with lead collar 75 

200.1 
50.0 
57.0 
59.0 

117.75 
25.7 
51.3 
51.3 
51.3 
51.3 

complete m:Juth survey, paralleling technique, 
20 radiographs, Ektaspeed film 
- GE-1000 50 
GE-1000 90 

- GE-1000 75 
with lead apron 75 
with lead collar 75 

occlusal technique, Ultraspeed film 
- GE-1000 75 

"t'Cl 

283.1 
36.3 
72.6 
72.6 
72.6 

3.3 

He££ (mSv) 

0.284 
0.067 
0.067 
0.067 
0.122 
0.050 
0.089 
0.082 
0.084 
0.064 

0.173 
0.027 
0.051 
0.047 
0.046 

0.160 
0.027 
0.027 
0.027 
0.062 
0.028 
0.049 
0.046 
0.047 
0.036 

0.103 
0.016 
0.030 
0.028 
0.027 

0.002 



Table II, Effective dose equivalent for several extra-oral dental radiographic 
techniques. 

panoramic technique 
- extra-oral 

Siemens OP2 
Panelete 

- intra-oral 

terDfX>ro-mandibular joint 
- Schtiller 
- Panna 
- Panna 

lateral skull 
- Siemens 

kVp 

65 
73 
50 

85 
65 
75 

96 

lfe££ (116v) 

800.0 0.130 
240.0 0.030 

0.2 0.013 

15.0 0.005 
23.0 0.660 
15.0 0.561 

175.0 0.015 

phantom to enable comprehensive measurements in the head and neck region. The 
measurements refer to four different dental X-ray devices, five different 
projection techniques, four different kV-settings, two film types and four 
measures for dose reduction (table I). In addition to these, two panoramic X
ray techniques and four techniques to X-ray a larger area of the skull were 
involved in this study (table II). 

The TLD measurements were converted into organ doses (mGy).1 From these 
the Heff and related fatal risk can be calculated for each of the projection 
techniques and parameters. 

RESULTS 

The Heff ranged from .002 to ·g60 mSv ~tabel I and II). This corresponds 
to a fatal n.sk in the order of 10- or 10- per examination. The kV-settings 
showed to influence the total dose considerably. A decrease of the kV from 75 
to 50 ~V almost doubles the Heff· All measures for dose reduction proved to be 
effect~ve. 

CXH::LUSION EN DisaJSSION 

It can be concluded from the results, that dose reduction can be achieved 
by several measures: 

- Dental X-ray apparatus should have a rectangular open ended tube 
instead of a closed pointed cone. 

- Rotational panoramic radiographs are not a "cheap" substitute for full 
oouth surveys as far as dose is concerned. The dose in the rotation axis of 
the X-ray beam in rotational panoramic radiography is rather high and brings 
the total dose of this technique to the same level as that of a conventional 
full mouth radiographic survey. 
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- Radiographs of the temporo-mandibular joint made by the technique 
according to Parma should be rejected. The SchtUler technique is to be pre
fered in these situation. 

- Use of a lead apron or a cervical collar must be made obligatory. 
- Tube voltages of less than 65 kV result in a much higher dose than 

higher kV settings and should be avoided therefore. 

The results of this study will be used to estimate the population dose 
due to oral radiodiagnosis in the Netherlands in a current investigation 
(Velders and Selling, elsewhere in these proceedings). 

1. Intemati.oaal Commission on Radiological Protection. Task group report on 
Reference Man. ICRP-publication 26. Oxford: Pergamon Press, 1977. 

2. Manny E.F. et al. An overview of dental radiology. Rockville: FDA, Bureau 
of Radiological Health, 1980. 

3. US Department of Health, Education and Welfare. Dental Exposure Normaliza
tion Technique 'DENT' instruction manual. An exposure reduction and quality 
assurance program for radiation control agencies. HEW Publication (FDA) 76-
8042, 1976. 
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PATIENT EXPOSURES FROM INTRA-ORAL DENTAL 
RADIOGRAPHIC EXAMINATIONS 

S.Y. Acram 
Netherlands Institute for Radiation Technology 

Kerkstraat 98II, 1017 GP, Amsterdam, The Netherlands 

ABSTRACT 

This report describes a study to determine patient exposure to selected areas 
at the thyroid gland, the central chest area, the testes and ovaries, from con
ventional radiographic produres for dental patients. The study was designed 
also to compare the efficiency of the cervical lead shield with the lead apron 
which both serve as protection from radiation. A review of the literature 
indicates little agreement in doses reported, due to wide differences in machine 
factors, in systems of dosimetry or in anatomic location. No references has been 
found which compares the efficiency of the cervical lead shield with the lead 
apron. As phantom a Temex one was used. This tissue equivalent human phantom, 
developed by Stacey and Dickens , is made in the form of a woman and contains 
a rubber compound fluid which is a soft tissue equivalent. It is cast on a natu
ral human skeleton and is made in such a way that air pores are located at the 
appropriate places similar to those of a living being. Full mouth examination 
was carried out, 14 periapical and 2 bitewing, using a X-ray generator type 
Siemens Helyodent, 50 KV, 7 mAs, and inherent filteration of 1.5 mm aliminium. 
The exposure time ran from 0.8 to 1.2 seconds. TLD-100 were placed upon the 
thyroid gland. In some situations extra pairs of dosimeters were placed upon the 
neck in the area of the thyroid gland in a scattered fashion along a length of 
approximately 2 em. The measurements were conducted under three conditions: 
l) with a lead apron; b) without a lead apron; c) with a cervical lead shield. 
At each of the 4 anatomic sites pairs of dosimeters were positioned adjacent to 
each other at the same level, and sealed in a poly-athylene envelope. 
Results. The dose received by the thyroid gland area with a lead apron is 
approximately 300 mR and without the lead apron 350 mR. Both results are in the 
same range, so the dose due to scattering that reaches the thyroid gland is not 
larger than using a lead apron. The dose received by the thyroid gland area with 
the use of a cervical lead shield was decreased to 30-35 mR for a single X-ray. 
The cervical lead shield reduced the radiation dose as much as 90% in the 
Thyroid region. 
The cervical lead shield proved to be more efficient than the lead apron in the 
thyroid gland region. We found adecreasing in the ~kin dose radiation by as 
much as 90%. Therefore we recommend the use of the cervical lead shield as the 
most effective protection measure against radiation when performing dental 
X-ray examinitions. 
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HANDBOOKS OF TISSUE DOSES IN DIAGNOSTIC RADIOLOGY 

Marvin Rosenstein 
Center for Devices and Radiological Health, FDA 

Rockville, Maryland (USA) 

Two additional Handbooks for determining tissue doses from 
diagnostic radiology procedures are now available. One permits 
estimates of glandular tissue doses in mammography (1), the other 
is an update of an earlier Handbook which permits estimates of 
several tissue doses for common projections in diagnostic radi
ology (2). Both Handbooks have been derived from calculations 
using a Monte Carlo computer code and associated anthropomorphic 
phantoms. 

Experience with previous Handbooks of this type has 
demonstrated the practical value and versatility of such a format 
for medical and radiation protection personnel. 

HANDBOOK OF GLANDULAR TISSUE DOSES IN MAMMOGRAPHY 

The Handbook of Glandular Tissue Doses in Mammography 
contains data applicable to a wide range of techniques in present 
day mammography. In mammography the glandular tissue is the 
tissue considered vulnerable to radiation-induced breast cancer. 
The Handbook presents the absorbed dose to glandular tissue in 
the breast per unit entrance exposure (free-in-air) as a function 
of breast size, breast composition, breast thickness, breast 
compression and x-ray beam quality. These data permit absorbed 
dose to glandular tissue to be computed readily for the array of 
current mammography techniques. 

From the absorbed dose computed in the whole breast tissue 
(excluding the skin layer), the glandular tissue dose (DG) is 
determined by multiplying the dose to the whole breast (D

8
) by 

the ratio of the mass energy absorption coefficient of glandular 
tissue (~ /p)G to that of the whole breast (~ /p)ij. The mass 
energy absorpt1on coefficient for the whole breast 1s derived 
from the weight percents of glandular (G) and adipose (A) tissues 
and the mass energy absorption coefficients of the two tissues 
(pen/p)G and (~en/p)A. Therefore: 

(pen/p)G 

where 

A sample of the Handbook data is given in Table 1 for the 
craniocaudal view and a uniform firm compression of 6 em. 
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Table 1. Glandular Tissue Doses in Mammography 

Craniocaudal view, 6-cm thickness, glandular tissue 
content between 5 and 100 percent (by weight) 

Glandular tissue dose (mGy) for 1 mC/kg 
entrance exposure (free-in-air)a 

HVL Glandular tissue content 

(mm Al) 5% 25% 50% 75% 100% 

0.2 2.6 2.4 2.1 1.8 1.6 
0.4 7.1 6. 4 5.8 5.2 4.9 
0.6 10.8 9.9 9.0 8.4 7.8 
0.8 14.0 13.0 12.0 11.3 10.7 
1.2 18.5 17.5 16.5 15.7 15.1 
1.6 21.5 20.5 19.4 18.7 18.0 
2.0 23.9 22.8 21.8 21.0 20.4 
2.4 25.7 24.6 23.6 22.8 22.3 

a Multiply table entries (mGy per mC/kg) by 25.8 to obtain 
previous units in mrad per R. 

To compute glandular tissue doses from specific mammography 
applications, the user applies measured or estimated values of 
entrance exposure (free-in-air) and x-ray beam quality 
(half-value-layer) relevant to the actual clinical conditions of 
interest. 

UPDATE OF HANDBOOK OF TISSUE DOSES FOR COMMON PROJECTIONS 
IN DIAGNOSTIC RADIOLOGY 

The update of the Handbook of Tissue Doses for Common 
Projections in Diagnostic Radiology contains an expanded 
collection of data applicable to a reference adult patient. 
The range of x-ray beam qualities (half-value-layers) covers from 
1.0 to 6.5 mm Al, as appropriate. Additional tissues, notably 
the female breast, have been included, and distinction is made 
between tissue doses to males and females when appropriate. 

The Handbook table for each projection includes an indicator 
of cancer detriment from the aggregate of these tissue doses, 
based on current risk coefficients for various cancers induced by 
radiation and the severity of those cancers. 

A Cancer Detriment Index (Ic) has been formulated as follows: 

n 

i = 1 



where r i (f) is the lifetime risk coefficient for fatal cancer i 
(per mGy), 

r i (c) is the lifetime risk coefficient for "curable" 
cancer i (per mGy), 

s. is 
1 

the relative severity associated with successful 
treatment of cancer i 1 and 

D. is the average absorbed dose in the appropriate 
1 

tissue for cancer i (mGy). 

The risk coefficients and relative severities for 
treatment used in the Cancer Detriment Index are given in Table 2. 

Table 2. Lifetime Risk Coefficientsa for Induction of Fatal 
and "Curable" Cancers and the Relative Severities 
for Treatment of "Curable" Cancers 

r. ( f )a 
1 

r. ( c )a 
1 

Cancer ( i) Male Female Male Female s. 
1 

Lung 2.0 2.0 0.1 0.1 0.95 
Leukemia 2.4 1.6 0.12 0.08 0.95 
Thyroid 0.33 0.67 6.3 12.7 0.05 
Breast 5.0 3.0 0.60 
Other 5.0 5.0 1.5 1.5 0.75 

a Multiply table entries for r i (f) and r i (c) by 10-6 to 
obtain risk coefficients per mGy. 

The entries in Table 2 and the formulation of the Cancer 
Detriment Index take advantage of the rationale and discussion by 
Pochin in ICRP 45 (3), with modifications to distinguish between 
risks to males and females. The breast cancer risk coefficient 
is asssigned entirely to females, therefore, the value found in 
ICRP 45 that is for a mixed occupational population is doubled. 
The risk coefficients for leukemia and thyroid cancer have been 
adjusted to reflect the observed differences in risk to males and 
females (4). 

The Cancer Detriment Index therefore reflects both the 
detriment from fatal cancers, and the detriment from cancers that 
can be treated sucessfully, the latter being given a weight equal 
to the ratio of fatal to fatal plus "curable" cancers (3). The 
result is an indication of the overall detriment from all 
potential cancer risks. 

A typical Handbook tabulation, presenting the tissue doses 
and the resulting Cancer Detriment Index for a sample x-ray 
projection, is given in Table 3. All values are presented per 
unit entrance exposure (free-in-air). 
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Table 3. Tissue Doses (mGy) for 1 mC/kg Entrance Exposure 
(free-in-air)a and Cancer Detriment Index (I ) (per 
mC/kg)b - AP Thoracic Spine, SID = 102 em, c 
17.8 x 43.2 em field size, 80 kVp 

HVL(mm Al)- 2.5 3.5 4.5 
Tissue Male Female Male Female Male Female 

Lungs 5.5 4.1 7.0 5.2 8.4 6.3 
Active Bone Marrow 0.7 0.7 1.0 0.9 1.2 1.0 
Thyroid 3.7 3.7 4.6 4.6 5.4 5.4 
Breasts 14.0 16.0 17.5 
Other Tissue 1.9 1.5 2.3 1.9 2.7 2.2 

Ic (multiply values 0.28 1.19 0.34 1. 39 0.41 1. 54 
by 10-4

) 

a Multiply table entries (mGy per mC/kg) by 25.8 to obtain 
previous units in mrad per R. 

b Multiply table entries for I~ (per mC/kg) by 0.258 to obtain 
Ic for previous units (per RJ. 

To compute tissue doses and the Cancer Detriment Index for a 
reference adult patient from specific diagnostic projections, the 
user applies measured or estimated values of entrance exposure 
(free-in-air) and x-ray beam quality (half-value-layer) relevant 
to the actual clinical conditions of interest. For example, an 
examination consisting of 3 AP thoracic spine films at HVL = 2.5 
mm Al and 0.1 mC/kg (0.39 R) each would yield Cancer Detriment 
Indexes of 8.4 x 10-6 (male) and 3.6 x 10- 5 (female). 

Consideration is being given to formulating corresponding 
detriment indexes for hereditary effects and effects to children 
irradiated in utero. 
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PERFORMANCE EVALUATION OF DSA UNITS 

A. Servomaa andY. Bjorkman 
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ABSTRACT 

The performan~e of the digital subtraction angiography(DSA) 
units in Finland has been measured by means of the DSA phantom 
and measuring method standardized by th~ American Association 
of Physicists in Medicine (AAPM) .The performance evaluation 
method is non-invasive and involves the use of a patient simu
lating phantom with different test inserts.The 8 units, including 
both continuous and pulsed mode units,were evaluated applying a 
technique normally used in each x-ray department.Image quality 
including low and hi~h contrast performance, the response of 
log-amplifier,image homogenity, artifacts and misre~istration 
were measured.Besioes the AAPM test inserts, a Burger-type hole 
pattern insert for contrast detail determination was also stu
died. 

The preliminary results show reasonable differences in contrast 
and spatial resolution.The high contrast resolution varied 
between 0.8-1.4 lp/mm, iodine contrast spatial resolution between 
0.35-0.? lp/mm with 10 mg/cm2 iodine consentration and 0.1?5-
0.5 lp/mm with 5 mg/cm2 consentration, when I 25 em field &ize 
and 512x512 matrix size were used. Also ft 2-4 mm iodine vessel 
were detected with 10 mg/cm2 and~ 2-4 mm with 2.5 ma/cm2 con
sentration. The results agree well with the results presented 
in literature. The dose rate in front of the grid varied between 
1.5-10 mR/s on continuous mooe units and dose/frame between 
0.1-1.0 mR on pulsed mode units. The hole pattern test insert 
proved to be a sensitive method for showina differences in 
contrast details. Some deficienci•• in loi~ritmic amplification 
and ima~e home~enity were also observed. 
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AN EVALUATION OF THE VICTOREEN "NERO" (NON-INVASIVE 
EVALUATOR OF RADIATION OUTPUTS) 

G. A. Shah*, J. Hagekyriakou and M. A. Chaudhri 
Department of Medical Physics, Austin Hospital, 

Heidelberg 3084, Victoria, Australia 
*Vascular Laboratory, Woden Valley Hospital, Garran, 

ACT 2605, Australia 

INTRODUCTION 

There is increasing concern about the radiation dose 
received by patients and staff during diagnostic and 
interventional radiology. Significant reductions in dose can 
be achieved by, amongst other measures, implementing a rigorous 
Quality Assurance (QA) program to optimize the performance of 
the x-ray equipment. Most QA programs require measurement of 
tube potential (kVp), exposure and exposure rate. The 
development of non-invasive methods to measure the tube 
potential has facilitated the implementation of such programs 
since, unlike a voltage divider, connection to the high voltage 
circuit is not required. 

The Victoreen NERO is one such instrument which measures 
quantities, including the average of the tube potential peaks 
(kVp Avg), exposure and exposure rate. We have determined, 
using a voltage divider, the accuracy of the kVp Avg measured 
by three NEROs in routine use, and studied the effect of added 
filteration on kVp Avg. In addition, the exposure and exposure 
rate accuracy of these NEROs was also determined using a 
digital exposure/exposure rate meter. 

METHODOLOGY 

Calibration of kVp Avg: A Siemens Tridoros 5S, three phase, 
six pulse generator was used to evaluate the kVp Avg measured 
by NERO, with its detector placed 66 em from the focal spot. 
The kVp Avg from a voltage divider (Siemens "Muffs") connected 
in parallel to the high voltage circuit, was determined 
simultaneously using a storage oscilloscope. The kV peaks used 
by NERO to compute kVp Avg were identified on the oscilloscope. 
The corrected (as detailed below) average of these peaks is 
termed the "Muffs" kVp Avg. 

Applying a known voltage in the range 0-3 kV across the 
"Muffs", the dividing ratio was measupred to be 100,340:1±0.04% 
as against 100,000:1±2% quoted by the manufacturer. In 
measuring the output voltage on an oscilloscope which has an 
input impedance of 1 MQ , coupled with a 10.525 kQ output 
impedance of the "Muffs", the effective dividing ratio is 
increased by 1%, becoming 101,400:1±0.05%; and was the value 
used. 
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The effect of added filteration on kVp Avg was determined 
by inserting a 3.3 mm thick type 1100 aluminium filter 
(Victoreen, USA) in the x-ray beam (it was taped to the light 
beam diaphragm). 

Evaluation of exposure and exposure rate: A calibrated 30 ml 
ionization chamber, recommended for radiological measurements 
(PM-30, Capintec, USA) and a Capintec Model 192 
exposure/exposure rate meter, were used to evaluate the NERO 
measurements. 

When measuring exposure, both the NERO detector and PM-~0 
were placed in the beam to overcome machine output variations 
between exposures. The detectors were placed at marked points 
at right angles to the tube axis to negate the heel effect. 
Furthermore, spatial nonuniformity was overcome by making 
identical paired exposures with the detector positions (A & B, 
say) interchanged. The relative sensitivity was calculated 
from the exposure measurements as follows. Let Nand C be the 
NERO and Capintec response respectively. The radiation 
exposures at positions A and B at which the detectors are 
placed are a and b respectively. The outputs of the NERO NA (at 

position A) and Capintec c
8 

(at position B) for the first 

exposure are 

On interchanging the positions of the two detectors, the 
outputs for the second exposure are 

Combining all four measurements, we obtain the relation 

N N 
A B 

The x-ray output may vary 
to the second. However, 
and B will remain constant 
we may write: 

N 

c 

N 
2 

c 

considerably from the first exposure 
the ratio of exposure at positions A 
so that a

1
;b

1 
a

2
;b

2 
. Given this, 
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The percentage NERO error was determined from this ratio. It 
was determined that for the geometry used, cross-scattering 
between the detectors was not measureable and could be ignored. 

For determining exposure rates in the fluoroscopic mode, 
only one detector was placed in the beam at a time, and the 
measurement made well after the beam had stabilized. 

RESULTS AND DISCUSSION 

Evaluation of kVp Avg: Four expu~uLe~ were made with each of 
the three NEROs, for every set of exposure factors. The mean 
of four kVp Avg values measured by a NERO was expressed as a 
percentage of the corresponding mean value (n=4) from the 
"Muffs" and the percentage error was calculated. This is shown 
in Table 1, along with the mean values provided by the "Muffs" 
(n=12). The latter indicates the absolute kVp Avg values. It 
can be seen that only NERO 1 measures kVp Avg to within 3% of 
the "Muffs". This is in agreement with the Victoreen claim 
that the accuracy of kVp Avg measured by NERO is within ±3% or 
±3 kVp, whichever is greater. The other two NEROs were not 
within the specifications - NERO 3 being up to 16% out from the 
true value. This raises concern regarding the maintenance of 
accuracy of NERO and highlights the need for continual checks 
and calibration. 

TABLE 1 - Percentage Error in kVp Avg measured by NERO 

"Muffs" Percentage error in kVp Avg 
Exposure factors kVp Avg 

(n=12) 
NERO 1 NERO 2 NERO 3 

so kVp, 10 mAs 46 0 -1 -7 

75 kVp, " 73 +1 -1 -12 

100 kVp, " 98 -3 -5 -16 

75 kVp, 20 mAs 64 -1 -2 -11 

100 kVp, " 91 -2 -3 -14 

When a 3.3 mm Al filter was inserted in the beam, the kVp 
Avg of each of the three NEROs increased by 2% or, 
alternatively, 0.6%/mm of Al at 75 kVp (Half-Value Layer = 2.4 
mm Al). This is twice the reported value of 0.3%/mm Al (Simon 
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1985). This discrepancy could, perhaps, be accounted for by 
possible differences in beam quality due to kVp and Half-Value 
Layer which are not specified by Simon (1985). This effect of 
filteration may, however, be ignored in testing diagnostic x
ray machines, since the variation in filteration in these is 
not large, typically between 1.5 - 2.5 mm of Al (Putney and 
Raymond 1984). 

Evaluation of exposure/exposure rate: The accuracy of the 
exposure measurements was good for all NEROs, being better than 
5%, when the tube potential was varied from 50 to 100 kVp and 
when rnA wct~ varied at 75 kVp. 

Exposure rate was measured with the generator factors 
maintained at 106 kVp and 3.2 rnA. The accuracy of the exposure 
rate was +2.9%, +5.8% and -33.7% for NEROs 1, 2 and 3 
respectively. Thus, NERO 3 was not within the 15 percent 
accuracy specified by Victoreen. Such an underestimate in 
exposure rate is significant, given that most QA programs 
require that the maximum tabletop exposure rate during 
fluoroscopy should not exceed a specified limit. 

In conclusion, this study emphasizes the need for regular 
checks and calibration of NERO and similar instruments. The 
effect of added filteration on kVp Avg may be ignored, since 
the variation in filteration in diagnostic x-ray machines is 
not large. 
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RADIATION PROTECTION IN THE MEDICAL FIELD 

Cesar F. Arias 
Comisi6n Nacional de Energfa At6mica 

Cuba 3401-Buenos Aires, Argentina 

ABSTRACT 

Medical sources of radiation produce the most significant contribution to the 
collective dose of any population; therefore efforths should be done to reduce 
such contribution as much as reasonably possible keeping at the same time every 
real benefit to the health of people. 
The non thereshold linear hypotesis between risks and doses is the present 
support of radiationprotection philosophy as recommended by the International 
Commission of Radiological Protection (ICRP). The paper analyze its implication 
on individual and collective basis;is shown that even when a single radiologic~ 
procedure con generate a "negligible" risk for a given person, ·the collective 
dose may be relevantif many people are irradiated in similar procedures and 
the associated detriment, expressed as the mathematical expectation of harm, may 
be significant. 
Such considerations provides basis for a better judgment of justifications and 
optimization of practices, particulary when generalized procedures of radiologi
cal survelliance are imposed to groups of populations. It is shown that reduction 
of unnecesarydoses in radiation medicine results in appreciable reduction of 
collective dose and its associated detriment. 
Such reductions can be achieved by promotion and enforcement of utilization of 
appropiate equipment and technichs as well as a good policy for training of 
physicians and physicist. Argentine experience on adoption of standa~dsof quUity 
and training programs is commented. 



RADIATION PROTECTim: SURVEYS - AS AN nPTIHISP!G 
PROCEDURE IN DIA\.NOSTIC RADIOLOGY 

C.'l.Vasisht and Y.Y.Bakir 
P,adiation Protection D:ivision 

P.O.l'ox, lf.OR7 
OadPseyah - 358'51 - Kuwait 

Radiation Protection Division (R,PD) in KuHait oper8tes T1rim:1rily fnr thP 

benefit of health authorities in regulatin~ the use of ionizing ra~iation in 
merlical field. There are approximately 250 rac1iolo~y anc1 4() rlental X-ray 
units in the country. P~•diation protection surveys are a rerular feature of 
RPD and include planning, pre-commissioninr,, routine and after repair checks 
on the newly instal 1 ed as well as in-use X-ray units. The a il'l of these 
surveys is to ensure standard X-ray outputs and adequate safety Measures so 
as to enhance the image quality and avoid the unnecessary exposure to both 
the patients and operators. 

Optimization in diagnostic radiolor,v implies Max1m1sinr, the benefit/cost 
ratio. In diagnostic radiology, the benefit is the correct medical diagnosis 
and the cost includes the indirect costs arising from radiation induced 
determinent. Since there is no definite way of evaluating imar,e quality in 
clinically meaningful terms, the physicists. engineers, techicians and doctor 
interpret it within their own professional ways. Ultimate goal, however, is 
to enhance the information content of the images \vith tht> least amount of 
radiation administered to tlw patient dudng the examination. In or<ier to 
achieve this goal the RPD adopted two courses of action, i.e, rer,ular 
radiation protection surveys of the equipment and training courses for the 
technicians, engineers, physi.sts and radiologists. :he surveys inclurle reject 
film analysis and cornprPhensive performance check on tuhe anrl r,enerator, 
image intensifier, an<i automatic exposure control syste!'ls. "'raining courses 
consisting of 3 to 'i days prograMme of lectures and c1emonstrations ar0 he1rl 
every two years. 

REJ[CT FIUl ANALYSIS 

Each radiology department is 0ncouraged to conrluct a reiect fi 1m 
analysis to determine the incidence of and reasons for retake exa!'linations. 
Initially two 700-bed hospital (lbspital l & 2) were examined hy RPD over a 6 
month period. Each hospital carried out 125,00() radior,raphic exa!'linations 
annually. ThP study showed that the average retake rate were qz and 6% and 
the reject rate were 13/, and q;, from Hospital 1 an<i 2 respectivelv (1). In 
Hospital 1 positioning and underexposures \vere the causes o• over 50% of the 
rejected films while equipment faults anc1 both over and underexposed fil1'1 
were the major causes in lbspital 2 (TAble I). The information gcneraterl by 
this analysis of retakes has helped both hospitals to take corrective action 
and in some instances to replace equi pmPnt. such as faulty cassettes and 
timers. 
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Table I: The Percentage frequency of Principal Causes for Reiects 

Hospital 
I 2 

Positioning Error 32 22 
Too Light 23 21 
Too nark 17 1 n 
Fog 17 11 
OL hers 11 IR 

X-RAY TUBES AND GENERATORS 

Comprehensive performance check including checks on the tub• 
kilovoltage, timer accuracy and radiation output consistency and linearity 
with changes in tube current, is carried out. Defects, faults or 
non-compliances with standard, hased on ICRP and NCRP recommendation (2,3) 
are conveyed in writing to the user and to the supervising authority 
responsible for maintaining the X-rav eCJuipment in state hospitals. In 
private clinics, the user is asked to contact the appropriate manufacturer or 
agent for rectifying the reported defects. Follow up inspections carried out 
to ensure that the reported faults have been satisfactorily rectified play an 
effective role in the optit1ization process. 

Finrlings of the survey that w0re rPportf'd to the user in the last 
li-month period are presented in "'able II. n5 r,eneral purpose radiography & 
dental X-rav units were sunrpyed durinP; this six month Twriod. Out of this 2q 
units \vere founrl to have one or more than one defect. Four units were> taken 
out of servicP and one facility was redesigned for better protection 
measures. 

( 

Table II: Findings of Radiation Protection Survey of Radiography & 
Dental X-ray llnits in a n }bnth Period 

Performance parameter 

Light Beam Al igmnent 
Exposure Timer 
Tube Output Consistency & Linearity 
kVp 
FFD 

Total Faults 

7 '(' b 

Ntnnber of Faults or 
Non-Compliances Observed 

p, 
q 

12 
12 



Over the three years durin~ which these surveys has heen perfor~ed, 
there has been a consistent reproducihi1ity in thP nlll'1her of rh•fects/faults 
detected per 6-month period. Aroun(i 40/' unit are consistently foun(i 
unsatisfactory for one or the other reason in the specified period. 

I~AGE INTENSIFIER SYSTEMS 

In fluoroscopic units, the mPasuremf>nts/che>cks mainly include fiPlcl siz,. 
dc>termination, table top exposure, cumulative timer activation and contrast 
resolution. The field size determination ensure eonfinement of the X-ray 
field size to the size of the input surface of the image intensifier. Tahle 
top exposur0 exce0d ing 50 mGy/min arC' reported to the uspr as a neasure to 
optimize fluoroscopic outputs. Hhile 50/' units had lar~er field size, the 
table top exposure exceeded the acceptable level of 50 mGy/min in more than 
35% units surveyed in a fi--month period (Table ITT). One C-nr,., unit was foun<i 
lvithout any cumulative timer, whereas in 15% of the units the timer clid not 
p,et activate(! cluring flnoroscopic exposure. Both hir.h A.nd low contrAst 
resolution capahilitiPs of the imaging system are checked with the RMI 
resolution test tool (:•loclel JI;JA and 151). \vhilP resolntion c<lpilhi 1 iti ps HerE' 
found below acPptahlc levels in 20/' of the sunrPyerl units . thf' ~iliority of 
the renaining RO? showE'cl the hAre minimum <1cceptnhle levels (holPs/sq.in) for 
the correspon~ing image intensifier size. 

Table III: Findinp;s of RadiAtion Protection Survey of Tf'lilf',P 
- IntE'nsifier Systems in il fi-'bnth Period 

Performnnce PilrilmetPr 

Field Size 
Table Top Exposure 
Cumulative Timer 
Contrast Resolution 

/, of FA. u 1 t s or 
Non l.o"lpl iancf's Obs0rved 

')() 

1.5 
1 ') 

~0 

AUTm1ATIC EXPOSURE \.01\TROL (AEC) SYSTFJ1S 

A survey of the performance of the AEC svstero throup;hout the rer,ion 
revealed t;.at q()% of these systems WPre either not functioning corr<'ctly or 
had not heen instilllecl correetly. Amonp; the 10% units in which AJ:l. was found 
operating were either newly installed conventional units or thf' ehE'st X-rny 
units. Chest X-ray examinations constitute 'l()/' of thP totill V-rAv 
examinations, conduc.tf'd in the countrv anc' naiority of tht'sr• eyaMiniltions are 
performed on A.E Controllecl units. In Adr!ition to th0 normal tuhe <'lncl 
generator performance check a comprehensiv0 T:lf"asurPments of E'ntrance sk'n 
exposure (F.SE) is also unclertaken (4). 1'h0 1vide variations in ESE which w0re 
observe(! (Tahle IV) ancl thE' suhsf'quent inv.,stiP.ation to acconnt for these 
results, has led to the servicing of thE' film proc.Pssinr; units, replac.e!'lent 
of the intensifying screens anrl reca1ihriltion o~ the tuhe and P,enerator 
parameters. 
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T<1'->le IV: R..'1np,e of f.ntrance Skin f.xposure and Associated R0am Parameters 
for the Surveyed AE O:mtrolled Clwst X-ray Units 

Photo f 1 uoro~raphy 
Units 

Rangt' of Hin. ann Hax. n.Rn- 1,4 

EntrancP Skin Exposure (mC:y) 

(.,') - ~1 

FFD ln'i - 15() 

AEC (l1ugc Film) 
ChPst X-ray llnits 

n. I 'i - 2. l 

~00 em 

nptiml~<~tinn in rlia~nnstic radiology imnl ies maximising thP h0nefit/cost 
rr~tio. This W<lS <'ffrctive1Y achiPverl by connucting regular raniation 
prntPction surveys w11ich inc:lude.-1 comprehensive performance check on X-ray 
tube and r,enerator, automatic exposure control systPms and image intPnsifier 
syst<·ms. ':'IH'SC> surv0ys hav0 rf>sulten in 

- increas('d staff awarrnPss of faults ann non-comp1iancr in the X-ray units 
- incr ... ascd confirlence in the performance of the rquipment 
-technical ir'lproverwnt of thP equipl'lent, and 
- r('ducecl clasP to the staff and patients. 
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MONTE CARLO SIMULATION STUDIES 
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INTRODUCTION 

Diagnostic X-ray examinations are the principal source of 
population e>:posure to ionizing radiation. ICRP recommends the 
limits in dose equivalent that are based on the risk estimates 
for each organ and tissue. For this reason a realistic knowledge 
of dose values to the organs involved in X-ray examinations and 
more efficient methods for dose reduction and image optimization 
are necessaqry. In this work a new methodology is proposed to 
correlate organ dose with irradiation photon energy and image 
quality. To recognize the influence of inhomogeneities on energy 
deposition in the body due to low energy photon exposure the new 
sex specific heterogeneous mathematical phantoms, GSF Adam and 
Eva, (1) have been used. A Monte Carlo method has been applied to 
the mathematical models to calculate organ doses and to evaluate 
the quantity of photons impinging on radiographic plane in 
diagnostic radiology under conditions of partial body 
irradiation. The technical parameters for a typical radiographic 
technique have been reproduced. External irradiation with 
monochromatic photon energies have been considered in the range 
20-100 keV. Organ dose values have been normalised to the number 
of photons transmitted without interactions on radiographic 
plane. The doses so obtained against photon energy have been 
considered as ones necessary to produce the same useful 
diagnostic information. Moreover the ratio between the number od 
scattered and transmitted photons on radiographic plane have been 
calculated. Finally a discussion on the optimum photon energy for 
every organ has been carried out comparing these data. 

MATHEMATICAL EXPOSURE MODEL FOR PHOTONS 

Mathematical heterogeneous phantoms have been applied to 
calculate organ doses in diagnostic radiology under conditions of 
partial body irradiation. They are very similar (2) to GSF Adam 
and Eva and comprise 24 internal organs each of which is 
characterized by quadratic equations as shown in figure 1. This 
mathematical exposure model combines a Monte Carlo technique to 
the anthropomorphic heterogeneous phantoms. The physical 
processes treated are limited to the photoelectric and Compton 
effect since X-ray photon energies in diagnostic radiology range 
are generally less than 150 keV. Photon history are determined 
using linear attenuation coefficients, for each organ and tissue, 
calculated applying White and Fitzegerald (3) polynomial 
coefficients. The geometrical condition of a radiographic 
examination can be reproduced in particular the field size in the 
plane of image receptor, the focus to skin distance and the 



direction of incident photons. The radiation beam is 
considered uniformely distribuited and the source as point 
source. It is possible to use any radiation quality. The 
principal restriction associated with this exposure model is the 
rigidity of the phantoms that cannot consider special position 
used during X-ray examinations. 
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Fig.l Two dimensional plot for defined vertical 
planes through the male phantom. 

MONTE CARLO METHOD 

The Monte Carlo method was applied to follow the transport of 
each photon through the phantom determining scattering angle, 
absorption site and to record the resulting energy depositions at 
the site of physical interaction. The Monte Carlo program used 
in this study is based on similar principles of ORNL code. The 
potential side of an interaction is chosen by the usual procedure 
of taking the distance traversed as: 

d= (-ln R )/ j-1 
(l 

( 1 ) 

in which R is a random number ((l-1) and juo is the attenuation 
coefficient of skeletal tissue. Determined the region of 
interaction one then plays a game of change with probability_.A.Ii/u0 
where ~~ is the total attenuation coefficient of region i. An 



internal cavity is regarded as an organ with zero cross section. 
A new energy and direction are chosen on the basis of Klein
Nishina differential cross section formula. In particular Compton 
polar angle is chosen with Kahn algorithm and azimuthal 
angle with Neumann algorithm, Absorption due to 
photoelectric interaction is simulated by reduction of the 
statistical weight that is expressed by: 

( 1 - J-!.f J-1 ) 
n n-1 

w w (2) 

where )L't::andf-1 are the attenuation coefficients respectively for 
photoelectric and total process before the nth collision. The 
total flight history of a photon is termined if it is escaped 
from the phantom or if its energy falls below 1 keV or if its 
weight falls below 10-4 (in our calculations). In the latter two 
cases the energy was considered as locally absorbed. The energy 
deposition for the nth interaction E is: 

Eo.~ W n-1 ~~:o=!~ E n-1 + ~~;:o=l) 
~ n-1 n-1 

<E -E )] 
n-1 n 

RESULTS AND DISCUSSION 

Using the mathematical phantoms and the exposure model described 
above the geometrical conditions of external irradiation as in a 
diagnostic X-ray examination were accurately reproduced in the 
simulation. Furthermore the photons that passing through the 
phantom with or without interactions and impinge on radiographic 
plane were also recorded. To analyze the influence on organ doses 
of photon energy incident on the phantom, a simulation with 
monochromatic energies was carried out for a lungs PA 
examination. For each monochromatic energy the organ doses were 
normalised to the number of photons transmitted on radiographic 
plane without interactions with the phantom. This procedure 
allows to analyze the organ doses under equal conditions of 
radiological informations of the image. In this analysis image 
differences due to the contrast and energy response of image 
detector system were neglected for simplicity. Figures 2 and 3 
show the results of this analysis. The organ dose values are 
compared with the curve A that represents the ratio between the 
number of scattered photons and transmitted without interaction 
on radiographic plane in function of photon energy. The doses to 
the lungs, the spine and the spleen have a maximum between 25-40 
keV, that probably represents the optimum photon energy, then the 
doses decrease with photon energy. For the lungs and the spleen, 
down to 60 keV, the dose is independent on photon energy. For 
the other organs analyzed the doses increase with the photon 
energy, in particular for the heart where the dose increases as 
the scattered radiation on radiographic plane. These preliminary 
results are interesting because they shown that the variation of 
organ doses with photon energy can be foreseen with difficulty. 
In particular the decreasing of the dose with the increasing of 
photon energy is not absolutely true. 
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Fig.2 Lungs PA projection. Organ doses vs incident 
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EXIT SPECTRA FROM THE PATIENT IN DIAGNOSTIC RADIOLOGY: 
MONTE CARLO SIMULATION STUDIES 
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INTRODUCTION 

Differential absnrption of the beam of X-ray, as it passes 
through the patient, results in the creation of the radiographic 
image. To optimise the radiographic image ,the photon energy 
response of the screen/film system has to match the spectral 
properties of the radiation beam emerging from the patient. The 
exit spectrum consists of two components: 1) transmitted without 
interactions with the body, which contains the usefull diagnostic 
information, and 2) Compton scattered. The analysis described in 
this work is based on mathematical phantoms developed at GSF 
CGesellschaft fur Strahlen und Umweltforschung) (1). Monte Carlo 
technique applied to the GSF anthropomorphic heterogeneous has 
been realized in our laboratory (2). They are similar to the GSF 
phantoms but contain some variations in elemental composition of 
organs and tissues. The linear attenuation coefficients for each 
organ and tissue calculated from White and Fitzgerald (3) have 
been introduced in our mathematical models. In this work a 
detailed analysis of exit spectra is presented by means of male 
and female mathematical human phantoms <Adam and Eva). The 
technical parameters for two typical radiographic techniques have 
been reproduced. Transmitted and scattered radiation spectra 
impinging on radiographic plane have been also simulated. 
Calculations have been carried out for external irradiation of 
the phantoms with monochromatic and distributed photon energy. 

THE MATHEMATICAL PHANTOM 

The heterogeneous mathematical phantoms presented in this 
work are very similar to GSF Adam and Eva. They comprise 24 
internal organs each of which is characterized by quadratic 
equations. Volumes and masses of organs of the two sex-specific 
adult mathematical phantoms are based on average values given by 
ICRP 23 (4). The phantoms have different dimensions with 19 
regions of different composition and density. For each organ and 
tissue percentage by weight of 51 elements and specific gravity 
from ICRP 23 have been considered. Organs tissues and contents 
that are not well specificated in ICRP 23 have been assumed as 
soft tissue. They are : breast, uterus, ovaries, gall bladder, 
urinary bladder and the contents of intestine and stomach.In the 
phantoms all skeletal components such as compact bone and active 
bone marrow are homogeneously distribuited in the skeleton. 

RESULTS AND DISCUSSION 



The results consist of an accurate analysis of the intensity 
and the quality of radiation that is responsible of the image 
forming process during a diagnostic X-ray examinations. To this 
aim the irradiation geometrical conditions of the radiological 
examination were accurately simulated. The theoretical spectra 
incident on the phantoms were taken from HPA Report (5) with 
costant potential and total filtration of 2.5 mm Al. For each 
examination two different components of radiation transmitted on 
image detector system were analyzed: 1) the radiation that passes 
through the phantom without interaction ("transmitted") and 2) 
the scattered radiation <"Compton"). The first produces the 
diaqnostic informations of the image , the second causes its 
impairing. Figure 1 shows the Compton spectra produced from 
monochromatic photons of 50 keV and 80 keV in abdomen AP 
projection for Adam and Eva. No appreciable difference can be 
noticed on the radiation qualities due to the different 
dimensions of the two phantoms. In figure 2 transmitted spectra 
are shown for 90 kV incident radiation in lungs AP projection. A 
wide energy range of the incident spectrum (15-35 keV) is not 
useful! to produce the image and contributes mainly to the dose. 
In the conditions described above and to obtain a more general 
analysis of correlations between incident photon energy and 
transmitted spectrum on radiographic plane were carried out only 
calculations with monochromatic photon energy. Furthermore was 
developed a procedures , starting from the informations obtained 
from monochromatic energies to obtain the transmitted and Compton 
spectra produced by any incident distributed photon energy . To 
calculate the transmitted spectra a simple polynomial 
interpolation was applied to Monte Carlo results for 
monochromatic energies. The calculation of Compton spectra was 
more complicated because every monochromatic energy produces a 
distributed spectrum on image detector system as shown in figure 
1. A method called "decrement method" was applied. It relates 
each energy Ed of Compton spectrum to monochromatic energy Em by 
the equation: Ed Em - 6E where nE is the decrement that 
increases with 1 keV step. This method takes into account the 
particular energy distribution of Compton spectra in which the 
numbers of events increases with Ed. Interpolating by polinomial 
expressions the numbers of the events of energy Ed obtained from 
a discrete number of monochromatic energies for each decrement AE 
it is possible to obtain the following mathematical expression: 

9 

L 
'l..=o 

N c. ( tj - A f k ) = 

where EJ and N<Ej are the energy and the number of 
monochromatic photons j emitted from the X-ray source 
respectively. Nc is the number of Compton photons at energy ~i 

~EKand A~ < bEk) are the polynomial coefficients. No is a 
normalization costant. The result of the procedure applied to 90 
kV spectrum in a lungs AP examination is shown in figure 3. The 
procedure allows to obtain a good accuracy fitting the values of 
Compton spectrum, obtained from the simulation of a distributed 
energy emission of the source. Finally figure 4 shows the 
complete result of intensity and radiation quality on image 
detector system for the transmitted and Compton photons obtained 



applying the procedure described above. 
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A NEW POSTAL QUALITY ASSURANCE PROGRAM 
FOR DIAGNOSTIC RADIOLOGY DEPARTMENTS. 

L.D.Brown. 

Radiation Safety Unit. Saskatchewan Occupational Health Branch. 

The Federal Government of Canada has responsibility for the design 
and performance of new x-ray equipment, but the Provinces have 
responsibility for controlling the installation, maintenance and use of 
the equipment. For the past 30 years Saskatchewan has had regular 
inspection of X-ray units by radiation health officers who have ensured 
that deficiencies are corrected. With the present emphasis on quality 
assurance procedures and hospital accreditation requirements some 
additional needs have had to be met. These are primarily due to unusual 
geographical factors. The province covers a quarter of a million square 
miles and has a continental climate with very severe winters. This used 
to impede winter travel and many small communities therefore established 
their own hospital. Today there are a large number of very small 
hospitals (four beds and upwards) which are geographically widely spread 
and which, with current resources, can only be visited rather 
infrequently. A mail out test package, primarily designed to give early 
warning of the existence of radiation related problems, has therefore 
been introduced. If a test gives an unexpected result, a prompt visit 
can be made to the centre concerned to carry out whatever more 
sophisticated test procedures may be necessary. Experience has shown 
however that the postal test package has, in itself, a high diagnostic 
potential so the source of the problem can often be identified without a 
visit becoming necessary. 

Medical radiography is basically an imaging procedure and any 
comprehensive test procedure must be capable of assessing image quality 
and detecting degradation of the imaging capacity. The program has been 
designed around a radiographically realistic, low contrast, resolution 
test phantom which has been made available to all hospitals and medical 
clinics conducting diagnostic radiology. It consists of a test plate of 
approximately tissue equivalent lucite plastic in which an array of 
cylindrical cavities has been drilled (Fig. 1). These cavities vary in 
depth from 12.5 mm to 1 mm in one direction, and in diameter from 6 mm 
to 0.5 mm in the other. The type of anatomical feature in which a 
radiologist might be interested are typically soft tissue structures of 
irregular shape and very little contrast, located deep within the body. 
Consequently their image is overlaid by that of other structures, and 
degraded by scatter from soft tissue masses above and below. To make a 
test which is as meaningful as possible the complete phantom consists of 
the test plate, which was developed to provide an analogue of the 
structures of interest, sandwiched between two plastic scattering blocks 
(Fig. 2). The complete test procedure requires a pack of eight TLD 
dosemeters that are posted out to the centre concerned, and an aluminum 
step wedge which is supplied with the test phantom (Fig. 3). The test is 



carried out by putting the dosimeter pack on top of the clear end of the 
test phantom so that it does not obscure the image of the resolution 
test pattern, and then placing the step wedge over it. This whole 
assembly must then be radiographed twice; one radiograph is placed on 
the departments Q.A. file and the other (fig. 4) is posted back, along 
with the exposed dosimeter pack, for laboratory evaluation. The four 
pairs of dosemeters in this pack record the radiation dose in the direct 
beam and under 2mm, 4mm and 6mm aluminum absorbers. The test assembly 
requires an X-ray exposure similar to that used for an AP abdomen. Site 
specific protocols are established for each installation participating 
in the program and must be exactly duplicated for successive tests. They 
are selected to make the densities of the radiograph under Ll1e four 
steps of the step wedge all fall on the linear part of the H & D curve 
for the emulsion. This requires a maximum density of about 1.3 on the 
radiograph. To evaluate a returned test package the radiograph is placed 
on a standard viewing box and the image resolution is evaluated by eye. 
This is expressed numerically by counting the number of cavities which 
can be identified in each row of the test pattern. Next the photographic 
densities of the radiograph under each step of the test wedge are 
measured, as is the base plus fog level for the film. Finally the TLD 
dosemeters are read out. From these readings the half value layer for 
the X-ray beam and the slope of the characteristic curve for the 
processed film are both calculated. In this way four major parameters 
of the X-ray installation may be monitored on an ongoing basis without 
any need for a physicist to make specific site visits for this purpose. 
These parameters are: 

(a) The imaging capacity or image resolution. 

(b) The X-ray beam intensity at the control settings that 
have been specified for the test. 

(c) The X-ray beam quality or half value layer. 

(d) The consistency of the photographic processing 
procedures followed. 

When carrying out the test the technologists concerned place metal 
markers at the corners of the light field to check the accuracy of 
adjustment of the light beam diaphragm. In addition, since most of the 
test radiograph should be of uniform density, experience has shown that 
many other equipment faults can often be diagnosed. For example a 
periodic density variation usually indicates incorrect Bucky grid 
operation. Faulty screens and degenerating table tops have also been 
noted. 

Most technologists have welcomed the new test procedure. They are 
encouraged to radiograph the test phantom themselves periodically and to 
compare the results with the reference films which they have on file. 
This has frequently proved useful at times when they have been 
suspecting abnormal results. Tests are normally scheduled to be carried 
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out annually and it is hoped to increase this to bi-annually as soon as 
possible. Technologists who feels that their own test radiograph may 
indicate a possible problem are encouraged to write and ask for a 
dosimeter pack so that an additional unscheduled test can be carried out 
as promptly as possible. As a result technologists who are working on 
their own under rather isolated conditions are experiencing an increased 
interest in keeping all X-ray installations in optimum condition. 

To m1n1m1se the staff time required for administering this new 
program the handling of the returned test packets has, as far as 
possible, been automated. Manual TLD readout is still used but it is 
hoped to replace this by a semi-automatic system in the near future. All 
the TLD dosemeters have an individual sensitivity factor stored in a 
microcomputer, this is used to automatically correct the readings 
obtained from the test packs; the microcomputer also carries out all the 
numerical calculations associated with measuring the half value layer 
and the slope of the characteristic curve of the processed radiograph, 
and then, from a comprehensive selection of word processor text files, 
prepares the final report sent out to the centre concerned. Additionally 
it is programmed to carry out the scheduling of the test procedure, to 
provide the mailing labels for the test packages and to flag any 
instances where the test results show marked deviations from those of 
previous tests. This enables a Radiation Health Officer to plan to visit 
the centre concerned and carry out more comprehensive tests on site. In 
this way the best possible use is made of available radiation 
physicists. 

For the benefit of technologists who have not yet had a great deal 
of experience in carrying out this new test the radiation safety unit 
has produced an instructional video tape which can be sent out with the 
dosemeter pack and which shows the required procedures in considerable 
detail. A copy of this tape can always be enclosed with one of the 
postal test packages if so requsted by the technologist who will be 
responsible for carrying out the test. 
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Figure 1 
Resolution Test Plate. 

Figure 3 
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Figure 2 
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A MICROCOMPUTER BASED X-RAY QUALITY ASSURANCE PROGRAM. 

L.Denis Brown. 

Radiation Safety Unit. Saskatchewan Occupational Health Branch. 

Provincial Radiation Health Officers in Saskatchewan carry out 
routine inspections of all medical X-ray departments and are responsible 
for providing medical physics services to all small hospitals where 
there is no staff physicist; this includes supervising the establishment 
of an effective quality assurance program. Saskatchewan is a part of 
Canada where travelling in winter used to be difficult, and where, in 
consequence a large network of very small hospitals has been established 
to meet the needs of local communities. Today the number of small X-ray 
departments and the travelling time required to visit them are so great 
that, although large departments are visited at least once a year, in 
many small centres routine inspections are possible only once every two 
or three years. To minimise the likelihood of serious faults or 
maladjustments remaining undetected for long periods between 
inspections, a microcomputer system has been developed to collate and 
analyse data from six different provincial programs with the objective 
of identifying any centre where conditions that should be corrected may 
have developed. This provides early indication of where potential 
problems may exist, and permits inspections to be carried out promptly 
in the centres concerned. 

The six programs which generate the data for the computer system 
are: 

(a) A service for advising on the design and selection of equipment for 
any new facility, or any facility making major changes, and for 
approving the relevant plans before work proceeds. 

(b) An annual registration program which ensures that central records 
relating to all X-ray equipment in use in the Province are kept fully 
updated. 

(c) A statutory Safety and Preventative Maintenance (SPM) program which 
requires all X-ray equipment used for medical purposes to be tested for 
electrical and mechanical safety by qualified personnel at intervals 
based on the age and the usage of the equipment. 

(d) A mail out diagnostic radiology test package originally developed by 
the Radiation Safety Unit in 1981 to supplement the relatively 
infrequent field inspections which it is able to carry out. This 
utilises a specially developed resolution test phantom combined with a 
step wedge and a pack of TLD dosemeter elements which together enable 
the operation of many parts of the complete system, including the film 
processing, to be assessed without the necessity of visiting the centre 
concerned (1)(2). 
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(e) An advisory service operated by experienced technologists known as 
Regional Consultants, operating from nearby Regional Hospitals, which 
support the isolated local technician who encounters any problems in 
obtaining consistent or high quality radiographs. Whilst the other 
programs described above are administered by the Radiation Safety Unit, 
this program is operated through the Regional Services division of the 
Department of Health. 

(f) Acceptance testing of new equipment, followed by regular field 
inspections, carried out by the staff of the Radiation Safety Unit. 

Over the years extensive independent data files have been generated 
for each of these programs. All of these files need to be analysed if 
the Radiation Safety Unit staff are to plan their hospital inspection 
schedules on the basis of need rather than by calendar only. As the 
available records have become more extensive it has become clear that 
this is only possible if they can be readily assessed and 
cross-correlated by means of a computer. It has also become clear that a 
physicist making a field inspection in a remote hospital would benefit 
from direct access to all relevant material in any of these data files 
whilst on site. Computer generation of data and record handling make 
this possible and in addition permit final hard copy reports to be 
prepared directly by the officer concerned, thus reducing the load which 
must be placed on secretarial support services. During the past three 
years the Radiation Safety Unit has been planning and developing a 
microcomputer system designed to meet these needs. This system is now in 
place, and has already proved of considerable value although the full 
benefit will only be realized after all existing files have been 
converted to the form of computer based data - a process which will 
necessarily take a considerable time to complete. 

The data flow chart illustrates the structure and purpose of the 
system as it is currently being developed. The key part of the system is 
readily accessible computerised data files stored on a 20MB hard disc, 
backed up by 13 em. floppy discs each covering a specific region of the 
Province. All data is first being entered on the floppy disc files that 
are ultimately used for archival purposes. 

Apart from data storage the computer serves four other basic 
functions in the operation of the inspection program: 

(i) When planning his inspection schedule a Radiation Health 
Officer can access a list of facilities where the computer has flagged 
abnormal data from any source which appears to indicate that a visit is 
desirable. Generally speaking visits to facilities listed in this way 
would take precedence over visits scheduled purely on the basis of 
elapsed time since the last inspection. We are currently working to 
improve our in house software which evaluates input data from all the 
various Provincial programs, to identify facilities where there are 
potential problems, and to direct the attention of our physicists to 
possible faults or maladjustments before they visit a facility. 

(ii) Each physicist in the field is provided with a small portable 



computer loaded with a software program which prompts him as to the 
various measurements normally made during the course of a standard 
inspection. As each measurement is made the reading is entered directly 
into the computer using the keyboard. Thus the program becomes a data 
disc which subsequently conveys all the readings back to the office 
following the inspection. 

(iii) When making his inspection at the hospital it is frequently 
helpful for the physicist concerned to have access to relevant 
information obtained during previous inspections both in order to 
interpret his current measurements correctly and to decide whether any 
additional tests are desirable. To facilitate this the portable field 
computers have been fitted with modems which can be used to access this 
data through the office computer. Until all data for the entire Province 
has been entered on a single hard disc this requires manual assistance 
in the office to load the appropriate floppy disc into the disc drive; 
eventually it is intended that this system will be fully automated. 

(iv) Software has been prepared to enable the office computer to 
read out the data disc produced during the inspection and print out a 
report listing all the numerical data in standard format. The covering 
letter making specific recommendations to the hospital Administrator can 
also be generated by the computer through word processing software which 
utilizes a menu of text files covering many commonly encountered 
deficiencies, supplemented by any necessary additional comments entered 
directly from the keyboard. 

One of the sub-programs which provides data to this complete system 
is a mail out test package recently developed by the Radiation Safety 
Unit. Evaluation of the returned test package involves readout of TLD 
dosemeters and densitometry of the test radiograph. From these dose 
readings and film densities the microcomputer can calculate, using a 
"least squares" fit procedure, the half value layer for the X-ray beam 
and the slope of the H & D curve for the processed emulsion. This was 
formerly one of the most time consuming aspects of the work of the 
unit 1 s physicists, and was therefore the first part which was fully 
automated following the acquisition of the computer. 

Development of this computerised system has enhanced the quality of 
the service which the Radiation Safety Unit offers to hospitals in the 
Province, and we anticipate that it will enable the staff of the unit to 
monitor the effectiveness of quality assurance procedures in diagnostic 
X-ray departments much more closely than in the past. 
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CURRENT STATE OF A DOSIMETRIC EVALUATION PROGRAMME IN DIAGNOSTIC 
RADIOLOGY INSTALLATIONS IN SPAIN 

E. Va~6, L. Gonz~lez, A. Calzada, V. Delgado, P. Mor~n and 
B. Sanchez F. Murias (*) 

l"leri 1. c a ·1 

(*) 

Physics Group, Complutense University 28040 
Department of Health and Consumer Affa1rs, 

Madr' :i. cl 
f3p a in 

and 

The Med1c:al Phys1cs Group at the School of Medic1ne of the 
Come·: utpn;c;E-~ Univer';'";i.ty n+ l"iadrid, ,;tart.t.;>d i'.\ pr··oqt-·E~.mrni~~ on the c,:.!:..t1.c:ly 
of ~adiation doses in relat.1on to Diagnostic Radiology in the area 
of Madrid in 1986, 1n cooperation with the Department of Hedlth and 
Consumer Affairs, and several Madrld area hosp1tals as well as some 
Outpatient Centers. 

In Scain, the National Health Serv1ce (NHS.l (through the 
N~~tticJn(::-.·i Ir1~>titu.t-t~ o+ Hr-.:-c:~.·lth" IN~3?~!....UD)" pc;tpnt:i.a.l·ly cc\rE·!~:::. fnr-~ the 
health o+ approximately 94% of the copulation. Th1s figure reaches 
99% at the Community of Madrid Radiological e~am1nations are 
performed mainlv in Hoso1tals and Outpat1ent Centers \the latter 
m.::1kl.nq u~J .::~. fir-·£.:;t ·1 tnk in thr-::· pE:i.tient~~:; r···,3.diolo(]ic{·::l.·l c!i(::tc.Jno~:::.:i.~;) .. 
Private Diagnostic Radiology is used by the rema1n1ng 6% of the 
copulation (not taking into account the populat1on attended 1n 
mil ::.tar--y j···io~.p1t.a1~.} ~ ;~.ncl t-::;·~./ pa.tiE:~r·~t:.'::~ !t-Jf-·,o 1n ·::::.pitE' of hav1ng access 
to NHS Diagnostic Ri'.ld~ology Services, 
sector for different reasons. 

prefer to choose the private 

Bes1des the data we obtained during the first vear of study 
+rom four ldrge Madrld-area hospitals (and a +ew nutpat1ent 
CE~r·~t~7?r-.~~) :: trJe 1 ... !3\/f.? L\·SP.d dz-:t.tc ... ·fur-·ntshe~ci b·y· thE' DE?part!T!t?n1::. C'J.f Ht.~c=tl th 
and Consumer Affairs, the INSALUD (1, 2l and other sources (3). 

Hosp1tals Involved in the project serve 36% of the population 
o+ the Autonomous Community of Madrid !CAMl. The data available 
from outpatir: .. ~nt. CE~nter~-:., r ... t:~·fE~r to :]1:~ of CAI'1 popul.::ttic)n~ ·r1·1o~-,p fr-·om 
the private sector were obtdined from 
documentation presented at the CSN by 
of their corresponding installations) 

16 centers (according to the 
these centers, for 1 icens1ng 
(4)" 

ThE~ stu.dif.?C:': .. ::o•nd r··eports fr·om the" i'.lationa.l Inc.-;titut.e of 
Statistics !INEl enabled us to know the population values of the 
different Autonomous Communities, their age distrjbution and number 
o+ offspring, which made it possible to derive the child expectancy 
as a function of age (which we assumed identical for the whole of 
the Spanish territory, due to lack of better data sources) and to 
ca·:,:uL::~tf.'" thE: ger•E~t:tr::al·!y '0·19nlflcr.tnt dosE:' ((38[1). 

NUMBER OF RADIOLOGICAL EXAMINATIONS 

The number of annual examindtions per lOGO inhabjtants in the 
Autonomous Comrnu~ity of Madr1d has been estimated from detailed 
information obtained up to present as the programme runs 1ts course 



and confirmed with film area used, together with the 
Outpatient Centers contributed by different sources <1, 
figure has been extrapolated to the rest of Spain from 
supp·! ied by the H~t";~~L..t..iD (2). 

dc>.ta 
:] ) . 
the 

·fr·'om 
Th i-=:, 
data 

The following figures could then be established with this 
information: 

al Comm. of Madrid: 4 825 000 inhabit.(12.4% of the whole of Spain) 

200 examinations/1000 inhabit./year 
230 examinations/1000 inhabit./year 
150 examinations/1000 inhabit./year 

(in hosp it,::,·! s) 
(in outpatient centers) 

Cin private sector) 

TOTAL~ 580 examinations/1000 inhabit./year 
(not con~c.i.deri.nq 1 abo1r. ccmtr'Dl, mi.·! itar-·y or dent2l.i e;.:aminations) 

bl Spain as a whole: 38 800 000 inhabitants 

140 examinations/1000 inhabit./year 
223 examinations/1000 inhabit./vear 
127 examinations/1000 inhabit./year 

(in hoc.,;pit.,;\lsl 
(in outpatient centers) 

(in private sector) 

TOTAL: 490 examinations/1000 inhabit./year 
(nc;t. consi.der'inq ·i abor control, mi·l i.tar'y c:w dental e~-:aminationsl. 

FREQUENCY OF SOME EXAMINATIONS PER 1000 INHABITANTS 

In order to perform the analysis of frequency of hospital 
radiological examinations, we mainly used data obtained from the 
Sa.n Car·los Univer-·sity HospitE<l CHUC,3Cl, ,.;;ince we cor-.sidf..?rt'?.d it a 
center not presenting distortions with regard to its functioning 
and patient population served during the year of the analysis 
(19861. Also, this hospital has a very good data processing center 

which enabled us to compare throuqh different routes, some of the 
data obtE:d ned. 

Exam1nation frequencies in Outpatient Centers were analysed 
USing data ·from F'E)fer'enc:e (]) . {" tc;ta·i nt.tmber' of :302 893 
examinations/year referred to 9 outpatient centers in Madrid. For 
the private sector, data from the CSN were used <4l 1 ikewise some 
other information supplied by our col leagues. 

PATIENT DOSE ESTIMATION 

Information on over 60 000 hosp1tal examinations with details 
of the technical parameters employed; operator and equipment 
involved, place where performed, patient sex and age, besides a 
smaller number of examinations performed in Outpatient centers and 
private offices were obtained during the first year of the project. 

Using mean and range values of these parameters (kVp, mAs, 
screeninq time, etc.) measurements were made on exposure at skin 
level !without backscatter) in several rooms of the participating 
centE~rs c::,nd for·· a ·1 ar-·ge number-· of e.>;-:c:,minat.ion types (6), with 
properly calibrated ion chambers. In some cc;mplex examinations 
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exposure product were also performed, by us1ng DIAMENTOR equ1pment 
from PTW-Freiburg. Absorbed dose lin musclel values at the entrance 
were obtained in urography (7) bv oos1tioninq on oat1ent skin LiF 
TLD-100 chips from Harshaw. This tvoe of measurements shall be 
comoleted shortly 1n a coordinated manner among some E.E.C. states. 

Also, organ dose measurements have been initiated on a REMAB 
phantom from Alderson, esoecial ly designed for Diagnostic 
Radiology, util iztng between 40 and 100 TLD-100 ch1os, for dose 
estimations in each radiological examination. We have results from 
diqest1ve tract examinations (fo11owinq introduction of the 
corr'esponding contrast medium 1nto th;::~ ",t•:;rr,,;;ch), c~'E?st, 

conventional chest tomography, computerized tomography and urologv. 

W1th al 1 th1s 1nformatton and keeping 1n m1nd the var1at1ons 
recorded within the same center and between the d1fferent centers 
participating in the project, we have made an estimat1on (which 
shou·i ci ,,;t i.ll be consiclf.'~r'f:O.d at the pr .. ·£01 i.m:tnar·v 1 Pvel and r>ot as 
final result), of the organ doses (using phantom measurements and 
tabl f:;s fr·'om .Jones and V.Jcill (8, 9) • It CC\n be c:Dncl uded in a ·f ir·st 
estimation that the mean effective dose equivalent per radiological 
examination in the Madr1d area 15 1.81 mSv, that means 1.04 mSv per 
inhc\bi.tant and yea;-· •:.tc,h!e :i l. C1SD va·\ues D-f 0.2 !-1l:3v -'c•r c:! .. ;t.~·;:,t: and 
17 ~Gv for adult urinary tract examinations were also estimdted. 

ESTIMATION OF EFFECTIVE DOSE EQUIVALENT ~DR DicFERENT MEDICAL 
DIAGNOSTIC X-RAY EXAMINATIONS IN THE COMMUNITY 0~ MADRID 

E."ST I r•if2iTEIJ 
E::FF .. DfJf::,E 

FXAI"l I Nre>,T I Dl'~ EQUIVALENT Hospital Outoat. Pr1vate 
(mS··.,i) (a) 

Sku. ·1 1 0 .. :? 
Spin(·~ l .. 0 
Che";t 0.16 
Abdomen 1 .5 
G.I. tract 10.2 
Urology 7.0 
Hip and pelvis 2.8 
Extremities 0.1 
CT 5.0 
Dthei"S ].0 

SUBTOTAL. !mSv) 

EXAJv!J:NATIDN (/.J 

( m~3\/) 

0 .. 006 
() "070 
() "0~50 
0 .. 1.20 

o .. lo~:; 
i) .084 
0 .. 015 
')" 160 
0 n 77il. 

EFFECTIVE DOSE EQUIVAL.FNT/INHABITANT 

( fT"J3\/) 

() "(.106 

0 ,04:"3 
0 "l~::iO 
:L .. 020 
0.21() 
0 .. 084 
0 .. OJ . .ct 

1 .. 810 

40% 

0 .. 006 
0 .. :,?~iO 

() .. :i. :35 

0 .. 2l0 
0 .. OF34 
() n ()?() 

0 .. :i.OO 

i .. 04 mSv 

\'I aboral, mil i.tary ancl c!enta1 r-·ad:iologv not inciucied) 

(! .. 006 
(). 189 

(;. 1. :36 
0 .. 7t~ l 
0 .1.74 

().,().1f:..i 

0 .. 080 

0 ,:] 
:1.0.4 

·7 r::: 
I n ·-· 

9.6 
4.6 
0 .. 9 
4 .. 4 



Assuming that the 1.81 m5v value can be extrapolated --once 
properly corrected with the percentages of hospital, outpatient and 
pri.vatr;;; ;~Cl.dio'i oqy-- to the natHJnc\1 wholE' ( 1. .7J. mSv), thr.? 490 
examlnations/1000 inhabitants and year would imply 0.84 
mSv/1nhabitant and year 1n Spain. 

Th~ .. :· col ·1 ect i ve 
Diagnost1c RadJ.ology 

dose ecu1valent which would be attr1buted 
in Spain would then be 32 510 man.Sv. 
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TWO IMPORTANT FACTORS INFLUENCING THYROID 
INTERNAL DOSE FOR RADIOIODINE 

lei Kui, Zhang Zhonghou and Li Shijun 

ABSTRACT 

Radioiodine urinalysis of 24-hr integral urine sample and 
extracount detection were carried on daily throughout 15-day 
period in kinds of thyroidal function women who received 
diagnosis 131 I(Nai). By these, the internal radiation doses 
for each subject were back-calculated. The results show: (l) 
the thyroid internal dose factors yield as a linear function 
of thyroid iodine uptake rates, DThy =2.75+l5.2KThy· (2) taking 
Methimazolum together with Thyroideum can accelera~e 131 I 
release from thyroid, increase 131 I urine output and decrease 
the thyroid internal dose. 

~0(} (J, 



HOW SAFE CAN WE BE? 

Bo Lindell 
Swedish National Institute of 

Radiation Protection, Stockholm 

To live safely does not mean to live without risk. We wish to 
take some risks in order to enjoy particular benefits. Other risks 
we cannot avoid. Our death, at some time, is not a "risk", it is a 
certainty. Our likelihood of dying before age 100 is close to 100 
per cent, but also at young ages we run some risk per unit time of 
dying. 

An empirical approximation of the age-specific death probabi
lity rate, G(u), as a function of age (u), is known as the Gom
pertz-Makeham expression. It can be written 

G(u) = A eBu + C 

where A and C are constants which differ between populations while 
the exponent coefficient B is usually about 0.1 per year. 

Since we are all certain to die, there is no way in which 
protection can "save lives". All we can do is to save years of 
life and to give these years as much of mental and physical well
being as possible. This is a multidimensional objective and can 
hardly be expressed in terms of a number. We must never forget 
that saving years of life must be supplemented by commensurable 
efforts to make these years worth living. 

The age-specific mortality may be the best quantity to ex
press the risks in life in a quantitative way. From the objective 
point of view, it may be said that we have no cause for increased 
concern about our risk situation as long as G(u) does not change 
significantly. When asked about our annual risk of dying, we are 
likely to accept a two-digit answer, e.g. "0.45 per cent", rather 
than to insist on knowing whether it is, in fact, 0.448 per cent 
or 0.453 per cent. A total risk increment of the order of G(u)/100 
might, therefore, be an objective "de minimis" risk. The lowest 
values of G(u) are found for ages of about 10 years, at which G(u) 
may be as low as 0.01-0.02 per cent per year in countries with low 
risk levels. The corresponding "de minimis" increment of the 
annual probability of dying would be of the order of one per 
million. 

In countries with a low standard of living, the age-specific 
annual probability of dying at young ages is quite high, mainly 
because of malnutrition and infections. It is not unusual that the 
lowest value is as high as 0.1 per cent per year. It is obvious 
that priorities must be given to reducing the main causes of death 
but it would be wrong to set a correspondingly higher ''de minimis" 
value for risks of concern in poor countries if it is agreed that 
the primary causes of death in these countries are unacceptable. 

"Objective" de minimis values for risk increments of indivi
dual significance are often misinterpreted. One misconception is 
that such values could be applied to each source of risk, e.g. to 
radiation risks or even to a particular source of radiation risk 
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(e.g. by assuming that a source-related annual de minimis 
would therefore be of the order of 100 microsievert). However, 
is not a straightforward exercise to derive a source-related 
minimis value even if there might be general agreement on a 
minimis value of total risk increment. 

The problem is even more complicated. It is true that there 
is an objective de minimis value of risk increment in the sense 
that a smaller risk increment would not change the individual's 
overall risk situation significantly. But this does not necessa
rily mean that he is not concerned about a small risk and is wil
ling to accept it unhesitatingly. Our willingness to accept a risk 
depends on many factors, such as our pru~pecl of ensuing benefit, 
our view on the need and value of the source of the risk, our 
trust in those responsible for risk estimates and protection, and 
the degree of voluntariness. Few people would accept an unnecessa
ry risk, even if very small, forced upon them for a cause for 
which they feel no sympathy and by persons they dislike or dis
trust. 

Most people may feel that the loss of a penny or a cent is 
not worth any further thought, but if all the pennies lost by a 
large number of persons happened to build up an available asset, 
they might nevertheless think it worth-while to use it for a good 
cause rather than throwing it away. In a similar way, a very small 
risk to a large number of people may mean a mathematical expecta
tion of a finite number of injuries. That number will be small and 
insignificant in comparison with the total background of harm, but 
it may not be small in comparison with the effort that could redu
ce it. It is the latter comparison that matters. If some harm, in 
the absolute sense, can be avoided at a reasonable cost (including 
the "cost" of evaluating the situation), why should it then not be 
avoided? This is the thought behind the ICRP principle of optimi
zation of protection: to keep all exposures as low as it is reaso
nably achievable, economic and social factors being taken into 
account (1). 

One method for optimization of protection is the differen
tial cost-benefit analysis described in a number of ICRP docu
ments (2). This method is based on minimization of "costs" exclu
sively related to protection, namely, the cost of protection and a 
detriment "cost" which is calculated as o: S, where s is the col
lective effective dose equivalent and o: is the amount of money 
that society is willing to pay, marginally, per unit of collective 
dose eliminated. 

The value of o: is supposed to be given by national authori
ties. The two methods usually mentioned for deriving this value 
are the "human capital" approach and the "willingness to pay" 
approach. These methods are generally applicable in protection 
against stochastic harm, not just in radiation protection. In the 
more universal approach o: is replaced by a corresponding value q, 
which is the marginal sum that society is willing to pay in order 
to "save" a life in a statistical sense (to save perhaps twenty 
years). If r is the risk coefficient for radiation detriment (i.e. 
about 0.02 per mansievert), the implied value of q is o: jr. It is 
often recommended that o: be of the order of US$ 10,000 per man
sievert, in which case q = $ 500,000. 



In the "human capital" approach, q is derived on the assump
tion that it would be stupid for any government not to pay at 
least as much per life saved statistically as the per caput gross 
national product for the years saved. Any lower ambition level 
would be a direct loss of resources from the economical point of 
view. 

In the "willingness to pay" approach, q is deduced from in
formation on what people might be willing to pay in order to avoid 
risks to themselves. 

Both these approaches have been criticized for setting a 
price on a human life. This is a valid criticism in the case of 
the human capital method, which is only defendable as a means of 
finding a lower limit for q. However, the objective of optimiza
tion of protection can also be seen as an attempt to save the 
maximum number of lives with the resources that have been made 
available. The fact that society's resources are not infinite does 
not imply a valuation of life but only a limitation of what is 
achievable (3). 

Conceptually, therefore, there is a third approach for de
riving the appropriate value of q. Let us assume that a parliament 
or a government decides to allocate a sum of money, Q, to be used 
for statistical life-saving. If protection is optimized on the 
basis of a very low value of q, the money will not be spent, be
cause very few lives would be saveable on this policy. If, in con
trast, the value of q is taken to be very high, for example equal 
to Q, the whole sum may be spent to save only one life. Between 
these extremes, there may be a value of q which would save the 
maximum number of lives. That is the value that should be used, 
and it would, in fact, be unethical not to use it. 

Assume that the saveable number of lives, N(q), is a function 
of the value of q that is chosen ("saveable" means that a risk 
source may be eliminated so that individuals who would otherwise 
have died from that source will have the life expectancy that is 
normal at their age). If we then save all lives that can be saved 
with q as the marginal cost per life saved, we shall find that we 
have, on the average, paid less than q per life. If the average 
sum that we have paid is a(q) < q, the total expense for society 
is N(q)· a(q). We save the maximum number of lives if that sum is 
equal to the sum Q that we have at our disposal. This will be when 
N(q)· a(q) = Q. If we knew the function N(q), we would thus be able 
to calculate q; however, that function is not known. 

It is nevertheless possible to make some upper estimate of 
N(q). There is not an infinite number of lives available to be 
saved. We may be able to guess what the maximum number, M, may be. 
We also know that the average cost per life (a) cannot exceed q. 
We can therefore assume that, at the best choice of q, we have 

M q > Q 

From the Swedish statistics it can be seen that the parame
ters A and B in the Gompertz-Makeham expression have not changed 
much since the beginning of the century, while the parameter C has 
decreased by more than one order of magnitude (4). This is what 
one might expect, since the age-independent term would mainly 
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describe the death probability from accidents and infections, i.e. 
risks that seem to be controllable or "saveable". 

One potentially controllable cause of death which is rapidly 
increasing in many countries is lung cancer. It shows a death 
probability which is strongly age-dependent. This seems to be 
masked by a decrease in other age-dependent causes of death. The 
value of C, therefore, is likely to somewhat underestimate the 
potentially avoidable risk. The value of C ranges from about 
0.0003 per caput and year for males in "safe" countries to about 
0.003 per caput and year in those "high-risk" countries for which 
statistical information is available (5). To "save a life" amounts 
to different things in these two cases. In a "safe" country it 
means, on the average, saving 10-20 years of life and in a "high
risk" country 30-40 years in spite of the fact that the mean life 
expectancy is shorter (the main life-saving in poor countries is 
in very young years). A more thorough analysis indicates that 
about 0.1 manyears per caput and year might well be ''saveable" for 
both men and women in many countries, rich as well as poor. This 
order of magnitude estimate may suffice to give an indication of 
the implications of the inequality M q > Q. 

For example, with q = $ 500,000 per life, as implied by the 
radiation protection practice, which may mean a cost ranging from 
$ 10,000 to $ 50,000 per manyear saved, and with M = 0.1 manyear 
per caput and year, the protection cost expressed per caput in the 
whole population would be less than a number ranging from$ 1,000 
to $ 5,000 per year, probably being much less because all potenti
ally "saveable" lives may not be saveable at these values. 

If the marginal sum to be paid to save a manyear were chosen 
on the basis of the human capital method and therefore equal to 
the per caput annual GNP, the actual protection expense would be 
less than 1/10 of this GNP, i.e. less than a number ranging from 
$ 50 to $ 1500 per caput and year. The radiation protection ambi
tion for rich countries, therefore, is not much higher than that 
behind the human capital approach. A rich country should therefore 
afford to adopt the radiation protection ambition in all fields of 
protection against stochastic risks, and the cost of doing so may 
not exceed a few per cent of the GNP. However, a poor country may 
find that the expenses drawn by such ambitions would be prohibiti
vely high to meet without help. Any ethical problem will not re
late to the optimization procedure, but to the political decision 
to allocate resources (Q), necessarily limited, for lifesaving 
purposes. 
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OPTIMISATION IN MEDICINE : THE POTENTIAL AND THE PROBLEMS 

G A M Webb, J R Croft and B F Wall 
National Radiological Protection Board 

Chilton, Didcot, Oxon OXll ORQ, UK 

THE POTENTIAL 

High profile uses of ionising radiations, such as nuclear 
power automatically get significant attention from the 
radiological protection community. Conversely the resources and 
attention paid to the use that has been with us Lhe lonye~t, 
medical diagnostic procedures, are lower. In the light of this 
it is perhaps instructive to look at the levels of individual 
and collective doses in the medical sector. In almost every 
country the largest component of the population dose from 
artificial sources is to patients from medical diagnostic 
procedures. Over the last few years the NRPB has carried out 
studies in the UK to determine the frequency with which various 
examinations are carried out [1] and the associated patient 
doses [2]. The total annual frequency of all X-ray 
examinations, excluding dental, for 1983 were 488 per 1000 
inhabitants. Dental X-rays provided a further 156 per 1000 
inhabitants. 

Table 1 
Collective doses to the Great Britain population 

from diagnostic medical radiology 

Practice 

Medical X-ray (excluding CT) 
Computerised tomography (CT) 
Dental X-ray 
Nuclear medicine 

All diagnostic radiology 

Collective effective 
dose equivalent (man Sv) 

15 500 
500 
200 
950 

17 150 

From Table 1 it can be seen that the annual collective dose 
is of the order of 17 000 man Sv, which accounts for 
approximately 90% of the UK exposure arising from artificial 
origins. The individual effective dose equivalents from 
different types of examinations cover a tremendous range; from 
dental and chest radiography at 5 0.05 mSv per examination to 
between 5 and 50 mSv for barium enema X-ray examinations and 
nuclear medicine scans of the thyroid and pancreas. The per 
caput annual dose was about 0.3 mSv. A particularly important 
part of the studies was the determination of the distributions 
of doses for the same types of examinations conducted on 
different patients and in different hospitals; examples are 
shown in Fig. 1. 
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Fig. 1 Examples of distributions of effective dose equivalents 
for adult patients undergoing simple types of 
examinations 

It is clear that there must be potential for eliminating 
the high doses from the distribution of patient doses and thus 
shifting downwards the mean doses for each type of examination. 
Given the size of the collective dose from medical examinations 
this potential assumes very significant proportions. For 
example, every 1% reduction in the annual collective dose is 
just under twice the current annual collective dose in the UK 
from occupational exposure in the nuclear power industry 
(92 man Sv). Many patient dose reduction options, e.g. rare 
earth screens and carbon fibre cassette facings, grid facings 
and table tops are known to be cost effective but have not been 
widely used. Indeed in the statement from the ICRP Paris 
meeting, 1985, the Commission positively expressed regret that 
such changes were not being introduced as rapidly as possible. 
It is also relevant to note here the striking disparity between 
the sums spent on radiation protection in the nuclear power 
industry (£10" to £10 6 man sv- 1

) and those spent in medicine 
£10 to 10 3 man sv- 1 • 

ADDRESSING THE PROBLEMS 

The numerical values of the dose limits do not apply to 
patient exposure but the basic principles of Justification and 
Optimisation do apply, and as shown above there is a significant 
potential for dose reduction. In the light of this the NRPB has 
a programme of work with two broad elements that are attempting 
to focus attention on this area. Firstly, it is considered that 
in common with other sectors the use of decision aiding 
techniques such as cost benefit analysis (CBA) together with 
formal ALARA Audits, have a valuable role to play in the 
assessment of competing protection options and indeed in 
decisions on justification and the allocation of resources. The 
ALARA Audits are essentially systematic and regular reviews to 
determine the relevance and adequacy of the existing radiation 
protection measures. They provide a mechanism for identifying 
problems that need to be addressed, whilst CBA, used within a 
structured 'ALARA Procedure' [3] provides a means to aid the 
subsequent decisions that have to be made. Fundamental to the 
use of CBA is the need for a value of unit collective dose that 
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is appropriate in the context. Russell and Webb [4] have 
recently considered the special factors that apply here, in 
particular 

1. the magnitude and range of effective dose equivalents 
associated with particular types of examination 

2. the age distribution of the irradiated population 

3. the direct benefit to the patient 

4. the general view of medical exposures as beneficial. 

The age distribution is particularly important. In 
diagnostic radiography, exposure is not uniform throughout life. 
In children in their first decade, the frequency of examination 
is about one third of that found in those aged over 60, and in 
general the radiation dose for an examination is less in 
children. A large proportion of a lifetime's exposure to 
diagnostic X-rays occurs in the last illness when radiogenic 
cancer is irrelevant. Conversely, the doses given in paediatric 
and obstetric radiography will be associated with higher somatic 
and genetic risk factors than would apply to an average 
population. Russell and Webb concluded that a value in the 
range £5,000-£10,000 man sv- 1 would seem reasonable for most 
purposes, i.e. a general radiography department. However, doses 
in paediatric and obstetric departments should be valued 5 times 
higher, in the range £25,000-£50,000 man sv- 1

• 

Although many optimisation case studies have been done in 
the nuclear power sector, there are relatively few examples in 
the medical sector. The NRPB has therefore put effort into 
encouraging such studies. One aspect of this has been to 
demonstrate the technique by performing a case study [5] for a 
hypothetical 6 room X-ray department considering expenditure on 
the protection options of slot radiography, rare earth screens, 
carbon fibre table tops, grid facings and interfacings, etc. 
This produced incremental cost effectiveness figures of between 
£2 and £8,900 man Sv- 1

• Apart from indicating the desirability 
of implementing the options it also provided a ranking or 
implementation priority listing. Further studies are being 
planned and it is hoped that such work will encourage others to 
put the techniques into practice. Although the main focus of 
such studies is likely to be on equipment and facilities, it is 
felt that the techniques could also be used in quality 
assurance, training and enforcement programmes, and as part of 
the justification process when considering routine X-ray 
screening programmes. 

Whilst encouraging further studies, it must be recognised 
that within the medical sector there is reticence to accept the 
use and validity of these techniques. This is probably because 
many of those with direct budgetary control are making overt 
short term life and death decisions daily and do not recognise a 
reduction in long term detriment as a sufficiently real source 
of income to be balanced against direct expenditure. This 
problem may partly be attached by looking towards the higher 
decision levels concerned with resource allocation, but at a 
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practical level we need to integrate protection with existing 
facets of medical programmes. This is where the second element 
of the NRPB's programme of work is relevant. Quality Assurance 
(QA) programmes are becoming widely implemented in radiological 
departments, partly due to the radiologist's prime interest in 
image quality. The encouragement of routine patient dose 
monitoring as a part of QA programmes is considered of prime 
importance. Also to demonstrate the cost effectiveness of 
radiation protection measures relative to medical procedures, 
other economic techniques are being explored. Cost utility 
analysis provides one method of doing this in terms of the cost 
peL life year saved and this has the advantage of being a 
technique that is already in use to some degree within medical 
circles. 

In common with other sectors, the availability of good data 
bases is a major problem and if we are to make use of the 
various techniques, action is required now to build these up, 
particularly in relation to workload and doses per examination. 
Work is in hand to develop a simple patient dosimetry protocol 
to enable hospital X-ray departments routinely to monitor 
patient doses as part of their quality assurance programme. Two 
of the options being pursued are entrance skin dose measurements 
using a TLD system and the use of Diamentor ionisation 
transmission chambers to deduce the total energy imparted. 
Shrimpton et al. [2] have shown that there is reasonable 
correlation between the total energy imparted and the effective 
dose equivalent over a range of two orders of magnitude and for 
examinations of widely varying complexity. 

CONCLUSION 

Overall the control of patient exposure from diagnostic 
radiology has not achieved the objective of ALARA and 
significant potential exists for dose reductions. This is an 
area that warrants increasing attention from the radiation 
protection community. 
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INTERNATIONAL APPROACH TOWARDS TREATING RADIATION EXPOSURE 
WITH PROBABILITY LESS THEN ONE 

J.U. Ahmed 
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ABSTRACT 

In recent years there have been growing concerns on the 'interface' 
between the systems of control of normal and accidental exposures to 
ionizing radiation. The ICRP has developed consistent radiation protection 
principles applicable to exposures which are assumed to occur with unit 
probability during normal operation of a radiation facility. Based on the 
ICRP principles the IAEA prepared, jointly with the WHO, ILO and the 
OECD/NEA, the Basic Safety Standards for Radiation Protection, Safety Series 
No. 9, 1982. 

The situation is rather different for exposures which may or may not 
occur with a given probability and this usually refers to accident 
conditions. So far, this problem bas been discussed internationally only in 
the case of radioactive waste repositories. Therefore, generally applicable 
international recommendations, guides or norms do not exist that are 
consistent with the ICRP principles for actual exposures from normal 
operations. 

The paper discusses the current IAEA efforts to develop guidelines for 
a unified approach for the application of radiation protection principles to 
radiation exposures assumed to occur with certainty and exposures which are 
not certain to occur. A useful criterion is that of a limit on individual 
risk. A simple approach would be to define separate limits for normal and 
accident situations. For waste disposal ICRP bas suggested a risk limit for 
accident sltuatlons to be of same ma&nitude as that for normal operation. 
IAEA is considering a risk limit of lo-5 in a year for consistency with 
general safety standards of dose limitation. ALso, is needed a 
source-related upper bound which bas to be apportioned from the risk limit 
in order to take into account the presence of other sources. 
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ACCIDENTAL RELEASE OF UF 6 AT THE SEQUOYAH FUELS CORPORATION 
FACILITY AT GORE, OKLAHOMA, U.S.A. 

Edward Y. Shum 
Office of Nuclear Material Safety and Safeguards 

U.S. Nuclear Regulatory Commission 

INTRODUCTION 

On January 4, 198fi, a 14-ton UF cylinder ruptured at the Sequoyah Fuels 
Corporation (SFC) site at Gore, OklaHoma, U.S.A., resulting in a massive 
release of uranium hexafluoride (UF ). One SFC worker was killed and some 
workers were hospitalized. About 1B0 offsite individuals were admitted for 
medical "screening" in a local hospital. 

Shortly after the accident, the Nuclear Regulatory Commission (NRC) 
gathered a group of experts (the Ad Hoc Interagency Task Force) to assess the 
potential health impact to the general public from this accident. In addition, 
the NRC formed a group on ''Lessons Learned from the Accident'' to review and 
improve the protection of the general public from future accidents. 

A description of the accident, the public health impact, development of 
procedures for hospital "screening", suggestions for future improvements, and 
the requirement for emergency planning for this type of facility is discussed 
in the following sections. 

DESCRIPTION OF THE ACCIDENT 

On Saturday, January 4, 1986, at approximately 11:30 a.m., a cylinder 
containing about 29,500 pounds of uranium hexafluoride (UF ) ruptured at the 
SFC site, releasing its contents into the atmosphere. AccSrding to statements 
from SFC officials, plant employees had inadvertently overfilled a 14-ton 
cylinder (maximum limit is 27,560 lbs.) and were in the process of heating the 
cylinder to facilitate removing the excess UF6 when the rupture occurred. 

As a result of overpressurization, the wall of the 12-foot long cylinder 
split over a length of about 52 inches parallel to the axis of the cylinder 
forming an opening about 8 inches wide at the midpoint of the split. Because 
of the high pressure in the cylinder, the large size of the opening, and 
because the cylinder rotated so that the split was on the lower side, much of 
the UF6 came out of the cylinder rapidly. 

Released UFfi and its reaction products, UO?F 2 and HF, made a dense white 
cloud which, pus~ed by the wind, quickly engulfed the process building (the 
Sequoyah Facility's principal structure) and formed a plume expanding to the 
south-southeast of the plant site. At the time of the incident, there were 
42 workers at the plant site. One employee was in a scrubbing tower adjacent 
to the release point; his location was promptly enveloped in the initial plume 
from the release, and he died within a few hours of respiratory injuries. 
Approximately 37 people, mostly company employees, were hospitalized as a result 



of the incident, but only a few were diagnosed as suffering from respiratory 
problems related to inhalation of hydrogen fluoride. About 100 offsite 
individuals reported to the local hospital for medical "screening". 

PUBLIC HEALTH IMPACT 

On January 14, 1986, the Nuclear Regulatory Commission (NRC) gathered a 
group of experts (the Ad Hoc Interagency Task Force) to assess the potential 
health impact to the general public from this accident. A report was published 
in March 1987 (NUREG-1189). Based on the available data at that time, the Ad 
Hoc Interagency Task Force made the following conclusions and recommendations; 

SFC Workers 

The workers involved in this incident encountered exceptionally high 
uranium exposures and intakes (as estimated by urine uranium levels). These 
exposures were at levels at which one would expect from past experience at least 
some temporary renal (kidney) injury in a significant number of those exposed. 
No conclusions could be drawn with regard to more permanent and serious injury 
to some of the more highly exposed workers because they were exposed to levels 
at which there are no reliable data relating to human exposures. 

The Ad Hoc Interagency Task Force recommended that workers exposed during 
the incident should be monitored carefully for evidence of pulmonary and renal 
injury. Medical surveillance of these individuals should be performed for a 
period of 1 to 2 years or until such time that renal and/or pulmonary function 
is determined by physicians to be acceptable in their professional opinion. 
These individuals should receive periodic evaluations, preferably every 6 months. 

The maximum uranium intake among onsite workers was approximately 28 mg. 
The estimated effective whole-body equivalent dose for this maximally exposed 
worker was about 0.46 mSv (46 mrem). 

Offsite Individuals 

Around 100 offsite individuals submitted urine samples; of these, most 
showed no evidence of exposure, while 7 received low-level uranium exposure. 
The intakes for these individuals ranged from 0.1 to 0.9 mg uranium. The 
effective whole body equivalent for the maximally exposed offsite individual 
was about 0.014 mSv (1.4 mrem). This is insignificant compared with background 
radiation of 1.06 mSv/yr (106 mrem/yr) in the area. The population dose for the 
affected population sector to 80 km (50 miles) from the site was about 0.0048 
person-Sv (0.48 person-rem) which was insignificant compared with the annual 
natural background radiation of 8.4 person-Sv (840 person-rem) received by the 
same affected population. 

Offsite Contamination 

A comprehensive survey was conducted after the accident covering affected 
areas up to 10 miles from the site. The survey included soil, vegetation, and 
surface water sampling, and aerial and in-situ radiological surveys. The 
results indicated that no significant uranium or fluoride deposited offsite. 
Most of the contamination was found onsite within the site boundary. 
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LESSONS LEARNED FROM THE ACCIDENT 

After the accident, the NRC formed a Lessons Learned Group to review and 
improve the ~rotection of the general public from future accidents. A report 
(NUREG-1198) titled "Release of UF6 from a Ruptured Model 48Y Cylinder at 
Sequoyah Fuels Corporation Facility; Lessons-Learned Report" was published in 
August 1986. Some of the major recommendations have been reflected in the 
following topics. 

EMERGENCY PLANNING FOR FUEL CYCLE AND OTHER RADIOACTIVE MATERIAL LICENSEES 

In the NRC's current proposed rules for emergency preparedness for fuel 
cycle and other radio~ctive material facilities (nuclear power plants are not 
in the same category) , the proposed requirements for emergency planning if it 
is needed, should include the following items: 

1. Facility description: A brief description of the licensee's facility 
and area near the site. 

2. Types and classification of accident: An identification of each type of 
accident for which protective action might be needed. 

3. Detection of accident: Identification of the means of detecting each 
type of accident. 

4. Mitigation of consequences: A brief description of the means and equipment 
for mitigating the consequences of each type of accident. 

5. Assessment of releases: A brief description of the methods and equipment 
to assess releases of radioactive materials. 

6. Responsibilities: A brief description of the responsibilities of licensee 
personnel should an accident occur. 

7. Notification and coordination: A commitment to and a brief description 
of the means to promptly notify offsite response organizations and request 
offsite assistance, including medical assistance for the treatment of 
contaminated and/or injured onsite workers when appropriate. 

8. Information to be communicated: A brief description of the types of 
information on facility status radioactive releases and recommended actions, 
if necessary, to be given to offsite response organizations and to the NRC. 

9. Training: A brief description of the training the licensee will provide 
workers on how to respond to an emergency and any special instructions 
and orientation tours the licensee would offer to fire, police, medical, 
and other emergency personnel. 

10. Recovery: A brief description of the means of restoring the facility to a 
safe condition after an accident. 

11. Exercises and audits: Provisions for conducting quarterly communication 
checks with offsite response organizations and annual onsite exercises to 
test responses to simulated emergencies. 
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PROCEDURES FOR MEDICAL SCREENING FOR ACCIDENTAL EXPOSURES 

After the SFC accident, it was determined that emergency chemical and 
radiological bioassay procedures to evaluate the exposure of individuals to 
these materials under accident conditions need to be developed. The NRC has 
contracted the Brookhaven National Laboratory (BNL) to develop emergency 
bioassay procedures for medical "screening" for accidental exposures to 
alpha-emitters. A table is to be developed for each radionuclide, (UF6, 
Am-242, Pu, Cm, and Po-210,) showing the recommended bioassays. The table will 
outline the bioassay program and follow-up action recommended for three groups 
of people by level of exposures: (1) people with exposures believed to be far 
above 10 CFR Part 20 limits; (2) people believed to have significant exposures, 
but not greatly above Part 20 limits; and (3) people believed to have low or no 
exposure. Guidance will be provided for determining assignment to these groups. 
For each exposure group, the recommended bioassay schedule should be presented 
for the following time periods: (1) the first day; (2) day 2 and 3; and (3) day 4 
through 7. Beyond 7 days, it is anticipated that the NRC and the licensee will 
be able to assemble whatever resources are necessary to deal with the specific 
accident. Instructions concerning proper specimen submittal, prevention of 
specimen contamination, and specimen preservation will be included so that 
appropriate measurements can be performed either promptly or later. The work 
will be published as an NRC NUREG report. 

CONCLUSION 

After the SFC accident, the NRC has made additional requirements on the 
emergency planning for fuel cycle and other radioactive material licensees. 
Guidelines are being prepared to provide procedures for medical "screening" 
to further improve the protection of the general public from future accidents. 
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REAC/TS: A COMPREHENSIVE PROGRAM FOR MEDICAL 
MANAGEMENT OF RADIATION ACCIDENTS 

Robert c. Ricks 
Oak Ridge Associated Universities 

P.O. Box 117, Oak Ridge, Tennessee 37831-0117, USA 

ABSTRACT 

The events immediately following the Three Mile Island (March 28, 1979) 
and Chernobyl (April 26, 1986) nuclear power plant accidents caused a 
considerable reassessment of medical planning and mass casualty problems 
respectively. Emergency planners in countries relying on electricity 
p;rnrrntrd hy nuclenr. power, l!lnd mnny other countriea aa well, have undoubtedly 
reviewed and are revising emergency response planning concepts as a result of 
the Chernobyl accident. This paper reviews the readiness for nonmilitary 
nuclear disaster management as a part of the overall programs of the Radiation 
Emergency Assistance Center/Training Site (REAC/TS) located in Oak Ridge, 
Tennessee. The REAC/TS program is funded by the U.S. Department of Energy, 
the U.S. Federal Emergency Management Agency, and also serves as the Western 
Hemisphere Collaboration Center as designed by the World Health Organization 
(WHO). The current status of trained (over 2,000) physicians, nurses, 
paramedics, and health physicists will be reviewed as well as data from the 
REAC/TS Registry system for documentation of worldwide radiation accidents. 
The level of REAC/TS involvement (in Moscow, Kiev, Bucharest, and Warsaw) 
following the Chernobyl accident will also be discussed. Lessons learned from 
medical problems associated with the Chernobyl nuclear power plant accident 
will be emphasized as well as their implications for future response in the 
event of similar accidents. 

This work is based on work performed under Contract No. DE-ACOS-760R00033 
between the Department of Energy, Office of Health and Environmental Research, 
end Oak Ridge Associated Universities. 



Medical treatment of whole-body overexposed individuals 
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1. Introduction 

A severely irradiated casualty is a person who has received a radiation dose of a level such as 
to endanger his or her life. The whole-body dose which kills 50 % of victims within two months 
lies somewhere between 2.5 and 5 Gy [I, 2]. The differences in dose separating probable survival 
(mortality lower than 10 % for example) from more or less certain death (mortality of over 90 % 
for example) is small because the dose to the bone marrow has to increase from 2 to 5 Gy. The 
hematopoietic bone marrow is one of the most sensitive organs to radiation. After a latent period 
(the higher the dose, the shorter this phase), signs of medullary hypoplasia or aplasia appear ; their 
intensity is related to the mean absorbed dose to the bone marrow. 

Irradiation is never uniform when an accident happens. The mean dose reflects an average 
level but areas which have been heavily exposed are critical points which can exacerbate the clini
cal pattern. The heterogeneity of irradiation is a very important factor, because it determines whe
ther spontaneous medullary repair can take place or whether a bone marrow transplant is advisable. 
Even a few, small isolated patches of marrow which have received doses of less than 2 Gy will be 
enough for the repopulation of heavily irradiated areas. Repopulation will be possible only if the 
stroma and microenvironment have not been destroyed by excessively high doses. As with any 
damage to the bone marrow, priority when treating a severely irradiated casualty must go to preve- · 
ning and curing the consequences of the insufficient production of the damaged blood cell lines. In 
addition to dealing with hematopoietic deficiency, the two main forms of treatment are therefore 
the prevention and treatment of infection and maintaining the nutritive and electrolyte balance. 

The irradiation of the intestine with doses of more than 6 Gy results, within two weeks, in a 
serious digestive syndrome, the main complications of which are perforation, invagination and 
occlusion. The irradiation of the brain with doses higher than several tens of Gy can kill the 
patient in a few days. When doses are lower, the neurological symptoms are transitory and are 
mainly due to cerebral oedema. 

The survival of a radiation victim therefore depends (1) on the absorbed dose to vital sensitive 
organs (human reproductive organs are extremely sensitive to radiation, but damage to them does 
not affect chances of survival), (2) on the distribution of irradiation in the body and (3) in time 
(for the same level of severity, the dose must be doubled or quadrupled if it is spread over two 
weeks or one month). Prognosis is based on clinical signs which reflect the extent to which to 
various sensitive systems are affected : 
- brain : headache, obnubilation, or even coma and neurovegetative dysfunction, irregular 

electro-encephalogram ; 
- intestine : nausea, stomach pains, diarrhoea, digestive complications ; 
- blood : . platelet deficiency with the outward symptoms of hematomata, petechiae, ecchymoses 

and hemorrhaging, 
. anaemia with the external symptoms of pallor, dyspnea and tachycardia, 
. leukocyte deficiency with local or generalised superinfection or even septicaemia. 

The level of the mean absorbed dose to the bone marrow is assessed from paraclinical tests 
such as working out the speed of decline of lymphocytes and platelets or the level of chromosomal 
abnormalities in lymphocytes in the circulating blood and estimating the level of exposure of 
various medullary areas from the results of marrow punctures in various carefully chosen areas and 
of cultures of stem cells, to mention only the main tests. 
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2. Treatment of hematopoietic damage 

- The problems : anaemia and thrombopenia 

Substitution therapy is the only treatment which can correct disorders connected with anaemia 
and thrombopenia [3, 4, 5]. Hemoglobin must be kept at a level which makes it possible to remedy 
disorders due to anoxia (limit approximately 7 to 8 g/100 ml. There is a distinct risk of hemorrhage 
once the level of platelets drops below 50,000/].ll. It is a major risk below 10,000/].ll. Platelet trans
fusions are carried out if these values are reached and in the event of a hemorrhagic syndrome, 
which may be revealed by hemorrhagic blisters, hemorrhages at the back of the eye, hemorrhaging 
in the skin or mucous membranes or visceral hemorrhages. 

- Transfusions 

A complete check must be made before the transfusion in order to reduce the risk of immuno
logical complications, this includes determining or confirming ABO groups, the Rhesus factor toge
ther with the complete phenotype in other blood group systems and tests for irregular agglutinins 
and the HLA complex. The transfusion products consist of phenotyped packed red cells with a low 
leukocyte content and with compatible HLA platelets from a single donor. One red cell pack must 
contain at least 45 g of hemoglobin. In an adult, the transfusion of 200 to 250 ml of packed red 
cells gives a 2 to 2.5 % rise in the hematocrit. Platelets increase by approximately 10,000 per trans
fused unit and per m2 of body surface. The frequency of transfusions varies with the daily rea
dings of blood counts, the purpose being to maintain a level above that at which anaemia or 
hemorrhages could occur. Tests must be carried out for antibodies in the various systems one week 
after transfusion. No product may be taken from a person who might be a donor of a bone-marrow 
transplant, because a transfusion can lead to the formation of antibodies against the donor's private 
antigens. 

- Bone-marrow transplantation 

Bone-marrow transplantation has become enshrined in the literature as a proposed final suc
cessful therapy for the Acute Radiation Syndrome. In the Chernobyl accident, bone-marrow trans
plantation was attempted in 13 patients with one survival. None of the transplants have taken 
definitively. In the opinion of USSR physicians, this therapy resulted in worsening of the condi
tions of their patients and they advice against its use [6, 7, 8]. The overall marow transplantation 
results suggest that it will be of benefit to few exposed individuals in similar types of radiation 
accident [9, 10]. However, it is impossible to say for certain whether the transplants carried out in 
Moscow were warranted, as many cases among the most heavily irradiated developped complica
tions chiefly due to the associated burns. It must be borne in mind that a bone-marrow transplant 
must still be regarded as an exceptional measure and that it is dangerous [6, 11, 12]. The decision as 
to whether it is indicated must be taken as soon as possible, for any delay prejudices the chances of 
the transplant taking (blood transfusions, infections, etc ... ). 

The indication for transplanting bone-marrow to a radiation casualty rests on [10, 11, 13, 14]: 
(1) high doses received by all medullary areas and which are incompatible with spontaneous reco
very ; (2) the absence of any relatively protected areas (less than 4 Gy) which could provide a basis 
for hematological recovery ; (3) the results of the immunological examination ; (4) a very poor 
general state, reflecting a very low tolerance of aplasia. If doses at these levels have been received, 
it must not be forgotten that the neurological and digestive syndromes are likely to cause grave 
concern and to require more urgent treatment than the hematopoietic syndrome. 

The possibility of conducting a transplant must first be discussed bearing in mind the biologi
cal criteria of serious medullary aplasia combined with : (1) reticulocytosis of less than 20,000/].11 ; 
(2) neutropenia below 500/ ].11 ; (3) thrombopenia below 10,000/].11; especially if these values are 
continuing to fall. A transplant is indicated only if marrow punctures at different places which are 
assumed to be the least damages (following the establishment of a dose-rate contour map based on 
the reconstruction of the accident) show a barren marrow after an interval of several days. 
Moreover, these examinations must be backed up by medullary biopsies, stem cell cultures and 
blood cell cultures which show whether or not any repair is in progress. As the results of these 
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examinations are not known for one to two weeks, they must be carried out as soon as possible. All 
the criteria for selecting the donor have now been established and the same rules must be followed 
as with bone-marrow transplants based on more traditional indications. 

3. Preventing and treating infections 

- Prevention 

The risk of infection is probably the most therapeutic chaiienge initially confronting the 
patient. The patient must be kept in a protected environment. No matter what techniques are used 
(from taking ad hoc isolation measures to laminar flow beds or sterile rooms), the situation is criti
cal and necessitates measures against exogenous and endogenous infections. 

Exogenous contamination can come from the immediate environment or from food. As far as 
the first source is concerned, strict isolation must be coupled with the observance of extremely 
strict rules and the daily disinfection of any traps in drains. As regards the second source, it is illu
sory to hope that sterile food or even food with a low germ content can be obtained by using the 
hospital's catering system. The preparation of sterile food should therefore be arranged. It must be 
varied as these patients rapidly become anorexic. 

The risk of endogenous contamination must be assessed as soon as the patient is admitted. It is 
standard practice to carry out digestive decontamination which must be closely supervised and 
adapted during aplasia. The treatment must be both anti-bacterial and anti-fungal. The former is 
selected in the light of the results of the coproculture. The latter is especially important because 
damage to flora from antibiotic treatment encourages the settlement of yeasts which colonise the 
upper respiratory tract. From here, they wiii regularly reinvade the alimentary canal. The oral cavi
ty must be alkalinised and the yeasts must also be eliminated before the bacterial vacuum is created 
by removing enterobacteria. A residue-free diet helps to reduce secretions. Nothing must be pres
cribed to slow the speed of passage in the event of diarrhoea. 

- Treatment of infection 

Close supervision (at least every two days) based on coproculture and samples taken from the 
pharynx makes it possible to detect the emergence of a potentiaiiy pathogenic strain of bacteria. If 
there is fever, the source of the infection must be sought as a matter of urgency, especiaily if there 
is severe granulocytopenia. The treatment is traditional : a massive dose of antibiotics is always gi
ven at the site of the infection in accordance with the disc sensitivity test. Granulocyte transfusions 
are reserved for patients suffering from severe granulocytopenia, if the signs of infection continue 
after one or two days of intensive antibiotic therapy which has been especiaily worked out for that 
patient's needs or if the patient's life is threatened by an acute infection. 

4. Maintaining the nutritive and electrolyte equilibrium 

Whole- body irradiation with a lethal dose leads to a syndrome of serious undernutrition. The 
nutritive and caloric equilibrium must therefore be maintained without waiting until undernutri
tion sets in [5, 6, 13]. Normal feeding through the mouth is preferable to parenteral feeding whe
never possible : it is physiologically natural and is psychologicaily reassuring. During the critical 
phase, it is often impossible to avoid artificial feeding. The sound is introduced deeply into a vein 
in absolutely aseptic conditions. An adult needs approximately two litres of liquid per day : the ca
loric intake is gradual and is maintained at 2,000 to 3,000 calories per day, made up of 50 % 
carbohydrates, 30 % of lipids and 20 % of proteins. Regular metabolic supervision is necessary and 
must form part of the daily examination so that any losses can be offset by adding the appropriate 
substance [5, 13]. Hydroelectrolytic supervision comprises a daily electrolytogram of the patient's 
blood and urine and the determination of the blood plasma effective osmotic pressure. 
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EMERGENCY PREPAREDNESS : MEDICAL MANAGEMENT 
OF NUCLEAR ACIDDENTS INVOlVING LARGE GROUPS OF VICTIMS 

N. PARMENTIER, J.C. NENOT 

Institut de Protection et de Surete Nucleaire 
Departement de Protection Sanitaire 

B.P. no 6 - 92 265 FONTENAY-aux-ROSES CEDEX (FRANCE) 

1. INTRODUCTION 

The treatment of overexposed individuals implies hopitalization in a 
specialized unit applying hematological intense care. If the accident 
results in a small number of casualties, the medical management does not 
raise major problems in most of the countries, where specialized units 
exist, as roughly 7 % of the beds are available at any time. But an 
accident which would involved tens or hundreds of people raises much more 
problems for hospitalization. Such problems are also completely different 
and will involve steps in the medical handling, mainly triage, (combined 
injuries), determination of whole body dose levels, transient 
hospitalization. In this case, preplanning is necessary, adapted to the 
system of medical care in case of a catastrophic event in the given 
Country, with the main basic principles : emergency concerns essentially 
the classical injuries (burns and trauma) - and contamination problems in 
some cases -, treatment of radiation syndrom is not an emergency during the 
first days but some essential actions have to be taken such as early blood 
sampling for biological dosimetry and/or for HLa typing. 

2. TRIAGE 

This term refers to the sorting of patients into classes of injury 
and/or disease for the purpose of expediting clinical care. One of the main 
tasks is to determine the emergency of the cases. A simple way as a first 
step could be to divide the virtually exposed groups into three main 
categories : 

individuals overexposed or not, with combined injuries (wounds, 
burns ... ) and/or contamination 

individuals who are likely to have received doses at such 
levels that they will require medical management at some degree, 

individuals who have received only low doses and who are free of 
any other injury. 

(i) individuals overexposed or not with combined injuries : these 
victims should be managed as in the case of conventional emergency. They 
do not represent a medical emergency for treatment of radiation injury, but 
some specific investigations should be carried out without delay in order 
to assess the dose and to get the necessary data for the treatment which 
will be initiated later. In France, the management is based on the set-up 
of :- "Petite Noria" : a shuttle constituted of first aid specialist who 
have in charge evacuation of the victims from place of accident to the 
"Poste Medical Avance". 
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Poste Medical Avance : (Medical Advance Unit) : It has in charge 
emergency care after quickly established diagnosis according to a 
preplanned file (Fig. 1). 

Results are transfered to a medical regulation center which finds the 
hospital and special unit needed. At the same time or during evacuation, a 
file concerning radiation problems is filled up (Fig. 2). This medical unit 
is constituted by Medical staff of FIREMEN or SAMU (Mobile Emergenccy 
Medical Unit - Assistance Medicale d'Urgence) from the regional or national 
levels. 

(ii) - individuals who have or are suspected to have received doses. 
On the same way, preplanned actions have to be set up. In France, these 
victims will be regrouped in a center where they will be treated as 
described on the same file (Fig. 2) for radiation indications and which 
presents two parts. The first one is fulfilled by technicians. The second 
one by the medical staff. A first triage is made at this level in three 
categories. Global overexposed, local overexposed and internal 
contaminated. At the same time, the medical regulation center checks the 
available medical facilities in the National Public Hospitals. It is 
admitted and planned that during the first days (day 1 to+ day 10), they 
can be hospitalized in classical medical units provided that the necessary 
follow-up and examinations are carried out. For this purpose, a special 
file will be available giving the basic examinations that should be made : 
blood typing on day 1 (A,B,O, rhesus, erythrocytes phenotype), HLA-A,-B-DR 
typing on day l and lymphocytes freezing on day l, cytogenetic dosimetry on 
day I if not done on day 0, electroencephalogram for dosimetry on day 1. A 
further classification based on results of clinical, biological and 
dosimetric examinations will be made by an expert medical group in the four 
classical categories of dose levels; on these basis, decisions for 
hospitalization will be taken as follows : 

< 1 Gy hematological and clinical follow-up as out patients in an 
hospital. 

1 2 Gy follow-up in a general medical department. 

2 - 4 

> 4 Gy 

Gy strict follow-up in an hematological department, and with 
specific instructions in case of unfavorable 
hematological evolution. 

hospitalization in hematological intensive care department 
(controlled rooms). 

(iii) - individuals who evidently have received low doses. Their 
hospitalization is not justified but during a few days they have to be 
followed as out patients. 

3 - CLASSIFICATION IN DOSE LEVELS CATEGORIES 

For this purpose, it seems that three important steps may be defined : 

1 very early classification based on clinical symtoms and 
eventual data on physical dosimetry. 
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2 confirmation and more precise classification based on 
hematological counts. 

3 : later confirmation by biological dosimetry. 

Early classification : nausea, vomiting, diarrhea and fever are 
the most important clinical findings. They should be carefully recorded, 
including their time of appearance, frequency and severity. By this mean, 
it is possible to classify at least in 2 categories (less or more 
than 2 Gy). 

Secondary classification : hyperleucocytosis within the tirst 
hours if any early blood cell count is available, speed of decline of 
lymphocytes and platelets within the first 2 or 3 days, will allow a good 
classification within the categories above 2 Gy. 

Third step it should be considered as a confirmation of the 
previous one, using essentially chromosome analysis, and neurophysiological 
response (EEG), and possibly some hematological specific technics. 

The first two simple steps have been found effective in all radiation 
accidents. At Chernobyl, where over 350 persons were examined in the first 
36 hours, these procedures were specially practical and proved their 
efficiency. But the third step which will lead to accurate estimates of 
dose and dose distribution, completed by other examinations such as bone 
marrow quantitative scintigraphy, stem cells cultures, is essential for 
decision on treatment specially in case of indications for bone marrow 
graft. This step can be foreseen because only a few tens of victims will 
rely on this kind of treatment. 

4 - CONCLUSION 

Preplanning the medical response after the alert is given should be 
done in details, file and records have to be prepared. The efficiency of 
the planning will depend on two essential points it has to be 
incorporated in the usual medical planning for catastrophic events and its 
performances have to be tested in real size exercices. The basis for 
preparedness should be : use of three categories for triage, classification 
of overexposed individuals in four ranges of doses based on simple, rapid 
and reliable method by well trained specialized physicians. The decision on 
the hospitalization methods, i.e. small groups of patients in several 
hospitals or all patients in a centralized hospital will depend upon 
national resources and possibilities, but the need of specialized units in 
hematological intensive care may imply international cooperation. Another 
important point is that such preplanning implies extensive formation and 
education of the medical and non-medical staffs involved. 
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ACCIDENTS AND INCIDENTS OUTSIDE THE NUCLEAR ENERGY SPHERE 

Jack Valentin and Lars Upphed 
National Institute of Radiation Protection, Stockholm, Sweden 

In summary, we show that 10-20 incidents that do not at all 
involve nuclear power are reported to us each year. The doses are 
usually trivial, but one or two of the incidents could - with a 
bit of bad luck - have turned into rather nasty accidents. 

All radiation incidents/accidents in Sweden must be reported 
to the licensing authority (i.e., us). Table 1 lists the reports 
received 1984-87. 5 of the 47 reports are trivial false alarms. 

The remaining 42 incidents should be compared to our 3 500 
industrial nuclear gauges etc, 800 radiography devices for non
destructive testing, 700 laboratories using radioactive substances 
and medical and dental services for 8.3 million people. 

Only some three reports concern doses exceeding ICRP limits 
for workers, and no dose causes real concern. Others handling ra
diation incidents, such as NAIR in the UK, similarly observe that 
most events have trivial consequences (1). Nevertheless, some 
incidents could have turned rather worse. 

Thus, both staff and members of the public could have been 
seriously overexposed in accidents quite similar to the incidents 
which actually occurred in industrial radiography. Most other in
dustrial incidents are not potentially serious, but rather show 
that industrial users tend to report even trivial events. However, 
the case where a source torn from its holder in a mechanical acci
dent wound up in a workman's pocket could have led to substantial 
damage. The policeman who allowed a person to pass through an X
ray machine for luggage inspection showed surprising lack of judg
ment, even if the likelihood of serious exposure was remote. 

The package handling system at railway stations, where trucks 
repeatedly run over containers of radioactive substances, could 
be worth a closer look. Careless handling of radioactive substances 
led to contamination in a number of laboratories and hospitals, 
but there is no obvious common denominator. 

Electrical faults occur repeatedly in diagnostic X-ray machi
nes, particularly dental ones. Besides overexposure, such faults 
could cause electrical shock as well as overheating and mechani
cal damage (X-ray equipment sometimes hurts patients by literally 
dropping onto them). 

REFERENCE 

1. Roberts, G C: National arrangements for incidents involving 
radioactivity (NAIR), 1984-86. Radiol Prot Bull 85 (1987) 16. 
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Table 1. Incidents reported to NIRP 1984 - 1987 (15 November) 

Event 

Industrial radiography: 

1985: Source jams in tube due 
to incorrect mounting 

1986: Military airfield guard 
lets 30 visitors into locked 
hangar during radiography 

1986: Technician enters radio
graphy area, believes his alarm 
dosemeter to be faulty when it 
sounds 

1987: Operator changes films 
during exposure 

Industrial and similar equipment: 

1984: 3 persons enter field of 
radiation of level gauge 

1985: Lead shield melts when 
level gauge overheats due to 
fan failure 

1985: Malfunction of thickness 
gauge shutter when operator 
inserts object 

1985: Technician enters X-ray 
room during operation (inter
lock failure) 

1985: Operator adjusts X-ray 
diffractometer cameras while 
X-ray is on 

1985: Operator holds X-ray flu
orescence analyzer with shutter 
failure to palm of hand 

1986: Customs policeman allows 
person who claims to have metal 
object in body to pass through 
luggage X-ray inspection device 

1986: 3 persons enter field of 
radiation of level gauge 

1986: Sheet metal tears area 
thickness gauge from holder on 
production line 

1986: Worker puts area thickness 
gauge, torn from production line 
by sheet metal, in pocket 

1987: 1 person enters field of 
radiation of level gauge 

Source 

Ir-192 
350 GBq 

Ir-192 
600 GBq 

X-ray tube 

X-ray tube 

Co-60 
7.4 GBq 

Co-60 
11 GBq 

X-ray tube 

X-ray tube 

X-ray tube 

Consequence 

No person dose 

30 WB doses of max 
0.4 mSv each 

WB dose 12 mSv 

Hand dose 2 mSv 

3 WB doses of 0.03 
mSv each 

No person dose 

No skin damage de
tected 

WB dose 0.1 mSv 

No person dose 

Fe-55 + Skin dose a few mSv 
Cd-109 
1. 7 + 0.19 GBq 

X-ray tube 

Co-60 
740 MBq 

Kr-85 
9.3 GBq 

Kr-85 
9.3 GBq 

Co-60 
740 MBq 

WB dose 0.01 mSv 

3 WB doses of 0.01 

No person dose 

Skin dose max 6 Sv, 
no skin damage de
tected 

WB dose 0.1 mSv 
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(table 1, cont'd) 

1987: Radar device emits X
rays after rewiring 

Transport, loss, theft: 

1984: Truck crushes dropped 
package on railway platform 

1985: Density gauge gone (with 
burglar 1982?) 

1985: Sealed source for re
search work stolen 

1985: Car with 2 radiography 
machines stolen 

1985: 3 area thickness gauges 
gone (properly scrapped?) 

1986: Car with static electri
city eliminator stolen 

1987: Truck crushes dropped 
package on railway platform 

1987: Truck crushes dropped 
package on railway platform 

1987: Truck crushes dropped 
package on railway platform, 
10 MBq released 

Other mishaps with open sources: 

1984: Iodine therapy patient 
vomits 40 MBq on carpet at home 

1985: Nurse gets spray in face 
during ventilation scintigraphy 
and 200 kBq do not wash off 

1985: Wrong label causes over
dose to 8 clinical trial volun
teers 

1985: 1 person contaminated 
with 850 Bq after cleaning 
chemical hood 

1985: Bottle falls on hospital 
floor and bursts 

1985: Bottle bursts during 
thawing 

1986: Dirt in leak detector 
causes release of 200 GBq 

1986: Nurse accidentally squirts 
65 MBq from syringe 

1986: Faulty seal causes leak 
of max 3.7 GBq from tritium 

Electronic No person dose 
vacuum tube 

I-125 No person dose, no 
5 x 3. 7 MBq 

Cs-137 ? 
110 MBq 

Ra-229 ? 
95 MBq 

X-ray tubes ? 

Tl-201 
3 x 930 MBq 

Po-210 
6.2 GBq 

Tl-201 
74 MBq 

Tl-201 
74 MBq 

Cr-51 
200 MBq 

I-131 
400 MBq 

Tc-99m 
1 MBq 

Fe-55 
240 MBq 

I-125 

Tc-99m 
23 GBq 

I-125 
2.7 GBq 

Kr-85 
740 GBq 

Y-90 

H-3 

? 

? (Car and source 
found unharmed) 

No person dose 

No person dose 

No person dose, local 
health physicist de
contaminates 

60-yr old husband in-
hales max 2 ALI 

Skin dose 2 mSv (area 
200 cm 2 ) 

8 WB doses of 0.08 
instead of 0.01 mSv 

WB dose 0.01 mSv 

No person dose 

No person dose 

No person dose 

No person dose 

No person dose 
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(table 1, cont'd) 

device at radiation lab 

1986: Researcher gets contami
nation on skin, all washes off 

1987: Researcher gets slightly 
contaminated when melting metal 

Medical X-rays and similar: 

1984: Engineer makes faulty 
connection, gets exposed 

1985: Therapy patient gets over
dose due to incomplete notes 

1985: Engineer makes faulty 
connection, exposes himself, 
pregnant dentist and 2 nurses 

1986: Shortcut causes conti
nuous exposure to dentist and 
1 patient 

1987: Relay failure causes 
continuous patient exposure 

1987: Shortcut causes conti
nuous exposure to 1 nurse and 
2 patients 

False alarms and hoaxes: 

I-131 

Yb-169 
190 MBq 

Dental 
X-ray tube 

No person dose 

No person dose 

WB dose max 1 mSv 

Linear Patient complains of 
accelerator diarrhoea 

Dental 
X-ray tube 

Dental 
X-ray tube 

4 WB doses of max 
1 mSv 

2 WB doses of 1 mSv + 
0.6 Gy skin, 20 mGy 
salivary and 5 mGy 
thyroid patient dose 

Fluoroscopy 50 mSv skin dose 
X-ray tube 

Dental 
X-ray tube 

3 WB doses of 1 mSv + 
50 mSv to head of 1 
patient 

1984: An informant to the police claims that a named person has 
stolen a sealed source and will use it for sabotage purposes 

1984: 40 MBq I-131 reported lost during transport are later found 
in addressee's own store-room 

1986: Worker stands close to thickness gauge for a few seconds 
(dose rate 0.02 mSv/h), fears overexposure 

1986: Operator of X-ray fluorescence analyzer complains of ery
thema (calculated skin dose 0.01 mSv) 

1986: Film dosemeter exposed to 60 mSv turns out never to have 
been worn by anybody 
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ASSESSMENT OF RADIATION EXPOSURE TO A NON-RADIATION WORKER 
IN AN INDUSTRIAL RADIOGRAPHY SOURCE TRANSPORT ACCIDENT 

P. Gangadharan, A.V. Lakshmipathy, 
B.K.S. Murthy and Geetha Varadharajan 
Division of Radiological Protection 

Bhabha Atomic Research Centre, Bombay 400 085, India 

ABSTRACT 

A non-radiation worker got exposed to Ir-192 gamma rays fran a 

radiography source pencil in an accident during transport of container with 

sau-ce pencil fran one radi~raphy site to another. Dose calculations were 

made taking into acccunt the activity of the source, the duration ani the 

geanetry of exposure conditions. The problem or dose assessment was 

ccrnplicated by the varying distame of source fran the body surface, lack of 

lnformat ion abcut exact duration of exposure in different posit ions etc. 

Dose estimates were done consider!~ the above factors. Experimental measure

ments simulating the exposure conditions were made to arrive at dose 

distributions at different depths in the thii'h and 'to a11u .. the d.oee to the 

bona. A thigh phantan of tissue equivalent material and Thennoluminescent 

dosimeters in the form of Caso
4

any parder were employed in the simu.l.ation 

studies. Appropriate correction factors were employed for the e~::t'D 

dependence of the dosimeters for the· primary ani backseattered g8111118 rays 

fran Ir-192. The doses to different regions ranged fran 500 - 11,500 rads. 

Dose estimates correlated well with the clinical fin:ii~s. The sequence of 

events, experimental and calculation aspects are elaborated in the paper. 
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FE~3 I DUAL. DAD I ClACT I VE 
CONTAMINATION WITH Co-60 

Gtm~nez, J.C.; Righetti, M.A.; Thomasz, E. 
Cocn:i.~::;:i.{}n i""-·.i.::t.c:i.c)nE~.l dt::-:· f::nE·!i····q:i·.a. !2it.(~mJ.c::a (CI'~Ef.~) .. f::~f··g~~~nt.:i.nc:;. 

The diagnostic and therapeutic procedure applied to a worker 
carrier of a res1dual Co-60 contamination on his left hand for 9 
years is described. For several years, this worker has been 
pl~~~-·-+c::~v-rn:i.n(_:J i-.. ,:!.~~, t.;:J~~;k~~-; i.F·J:i.t.hnl.J-1::. E:·!>~;:-!C}~::;:i.nq t.o j_orlizinq ,.···aclie:\t:ionn ~Jhen 

he circumstantially entered into a controlled area, a localized 
contamination was detected on his hand. According to his 
protess1ona1 record, while he was performing 

tasks on a steam generator, Ci.J.t t :i. ng 
~curd with the =dge of the manway plug. 

t. \ '! t":;::· !:::1 () d \' 
+· f -~ ~:-:.• ~-- Fl: :~:- !_ .i. 

~Ji +· h 
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former comprised an 
spatial distribution of the 
dnse rate by beta and gamma 

me.:::~.suremt::~nts 

-=~~~ 1 oc::.:":·~tt-!d a.t. 

Cal'br~tion was dnne witl1 a Co-60 point source, measured with the 
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ranged from 0.014 to 0.047 micro Gy/h. 
Dose rates on the hand and forearm are below 0.6 nGy/h. These 
results correspond to an assumed lineal source uniformly 
distributed around a space 1 em long and 0.6 em in depth beneath 
the wound, that contains an activity of 1202.5 Bq. 

Beta decay for Co-60 shows two maximum energies and 
percentages: El max 0.314 MeV (99%) and E2 max.= 1.498 MeV 
(0.1%1. Ranges of Eland E2 on soft tissues are 0.0836 g cm- 2 

respectively. The contributions to the dose of El and E2 are 
considered separately according to the assumed source 
distribution. The electron range of 0.314 MeV in soft tissue 
dc?.fir·,~:7::::3 c,ti :~i···i-·c\cli.~::..t.t·:·d rr.E~;;~; u+ 25.t-, 1T1q .. i·18dll L'f:=l.e:r. duse was ::::;64 .. 24 
Gy between February 1977 and February 1985. Dose rate in this 
mass, calculated for t=O was 2.8 x 10-7 Gy/h, value that is 
similar to the natural exposure rate. 

The gamma dose on skin and in a mass of tissue next to the 
assumed source were calculated. The doses over 10 cm2 of skin 
over the scar and per annum ranged between 2.3 and 5.7 cGy. Mean 
calculated dose per annum in a 1 cm 3 volume of soft tissue ranged 
between 2.3 and 5.7 cGy. 

ClinicE<l St.u.die~o; 

A clinical examination and another one localized 
were done. Clinical, haematological and 
manifestations were net observed. 

on the ha.ncl 
cytogenetic 

De~moepidermic trophic alterations we~e neither observed ncr 
touched. Neither the pletismography nor the vascular 
centellography showed changes in the hand's vessels. The mean 
gamma dose on skin, in a volume of cm3 was below the threshold 
nose for late non-stochastic effects for a volume of 100 cm3 

(55-70 Gyl, even when the latter corresponds to a 
rate and a smaller total e~posure time. 
The beta mean dose is over the threshold dose, whatever the 
assumed source distribution; whereas the beta mean dose rate is 
below the upper limit of the dose rate for subletal harm 
t .. ·t:-::opi:':i.r··~::i.t.ion (:·:~ .. 1.0···~:3 f3 ... //min) (:I.),, l\li::::•\/E.·r-t.-.r-,t:21F::~:;~:- .. ~ l~::"~.t.P r·~on···-~:;t.oc::hastic 

effects are to be e~pected. There is a low probability of 
stochastic effects due to the low radiosensibility of the 
irradiated tissue. 

Therapeutic Stage 

SL!.i'- !J j_ C E:\ 1 
Benefits of the 

t-t~:fnD\/~;;i.l 

s::.t.1.r· q i c: -:":":'1.1 
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were: al prevention of the spontaneous and eventual translocation 
of it, bl prevention of the fiber nodt.les development that might 
i r ·! t:. ra r·· ·f (·~-:· r·· t:::, v-~ :i. +:. h t. h c-~ ·f t- t? E~ 1:::. , .... i::·:-:- h E~ n s :i. o 1 ··1 ·f u n ·::: t. :!. u r·1 o + t. h \·:·:~ f···, E:\ n cl .. 
F;.: 1 

'- 1/..J€-?f'"f:':':~ a.) t.hto? S~·'y'~:.tE~ffl:i.C: cl:i.c~per···,::.iC)i"i C){ t:hf·?.• I''C:tdiDI""'tUC:J.:tdr:?.·:•,1 b) 
the production of sequels th0t might alterate the prehension 
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administe~ed by slow int~avenous injection. 
Acco~ding to the physical studies done, the ~emoval of the 
contaminated tissue was decided. Tissue with 902.8 Bq, othe~ 

th~ee small po~tions of tissue with 5.92 Bq, and finally the 
cute~ ~ims of the sea~ with 119.14 Bq we~e ~emoved. All tissues 
were p~ocessed with pa~affine wax and stained with eosln
haematoxilyn. Histopathologyc e<aminations of the ~amoved tissu~ 
allowed the obse~vation in all the skin sections of: a) slight 
epide~mis eng~ossment, bl slight dermis fib~osis with unmodified 
sebaceous and sweat glands, cl absence of a~te~iolocapillary 

i.n.iut-ires. 
Three days urine samples were required 21.nc:! 
c:i\~tect i or1 1 .i. !IJ.i. L L.J-f ·~· .. (' ',7 f't:.t, . vri. th -~·:t E3E~L..:i. ·:j•::~t.~-:?.ct.nr" 

Activity values were below the detection limit and this allowed 
as to assume that there was not dispersion of Co-60. The remainig 
burden was 108.78 Bq, while the removed activity was 1132.2 Bq. 
This confirms the p~evious estimation of 1202.5 8q. 

Cone:: 1 r.Js:.i on~; 

The validity of tne physical procedu~e applied was confirmed 
by al the coincidence between the first bu~den estimation and 
t.ht-:~ onE~ c:lcJr·,f::~ IJ(::.-:·+ot-E·! ~~.;u!'-c.:jt:::·l···':l thE:i.t t:on+:i.r·mt::ttE.<d no ti.--L-in-:5f.:•OI' .. t.E:i.b:i.lity 
of Co-60, bl the physical delimitation of the contamination that 
enabled the ~emoval of 80% of the deposit, cl the coincidence 
between the values ot the initially measu~ed bu~den and the 
values of the rema1ning and the ~emoved activities altogethe~. 
T h E~ s;; ]. :i. q h t:. d ,·:·:\ ifl c·; '] t:·:-~ C)!:::; ~::; ~ .. :~ 1 .. - \/ r·~ c! C. C:J i ... 1 1 c:l 1:::• 1.-::: C:! i .I.E:· t. C) t. h F.:! J. D H cl C::t '::~ .. (:;?.• !"" 2'1 t E• t. h at. 
V'JC]U l d 
I' .. E~pc::.pu.l. i::i.-1::. i Cit""! P~'""C)C::iE~·~~~-~~=- .. 

Jn other cases with highe~ doses of alpha emjssions, development 
of nodules of doubtful malignant evolution was observed <2,3). 
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ESTUDIO DE LA DISTRIBUCION CON SONDA DE INa<TI> 
1.5 

I 
A Med.i cion sohr-e her-ida 

$ Med.icion sohr-e Fte puntual 

VI j 9 j II> 
!: 

1 

t t 
.... 
X 
II> 
!: 

! 

t t I I 
0 

~ 

"" () 0 $ ...... 

t 
00 

VI 
II> 

t 
"t:: 

t 
'"" G • 
~ . '1 
:l. $ 0 
() (:) Q G !l) Q $ G • 

Gl ~ I J 1 £ ~ -1 

distancia al coMienzo(Muneca) [eM] 

FIGURA 1 



ACCIDENT IN A CRITICAL FACILITY: PHYSICAL DOSIMETRY 

Bomben A.; Gregori B.; Massera G.;Righett1 M.; Thomasz E. 

Comision Nacional de Energia Atomica (CNEA) Buenos Aires 
-Republlca Argentina-

INTRODUCTION 

On September 23rd 1983, while a change in core configura
tion was taking place in an experimental reactor, the RA-2, at 
the Constituyentes Atomic center Buenos Aires 
Argentina an accidental critical! ty excursion occurred. This 
accident caused, 48 hours later, the death by overexposure of 
the operator, and lower doses to the people who were in the 
commanding room and in the surrounding laboratories. 

The absorbed dose to the people involved in the accident and 
the air absorbed doses in several po1n ts outside the facility are 
shown. An enumeration of the methodologies used for the dosimetric 
evaluation is done. 

DESCRIPTION OF THE F AGILITY 

The reactor is a critical ensamble of variable configuration 
with fuel elements of uranium enriched at 90 t.; it worKs using 
light water as moderator and reflector and it has a 0.1 W nominal 
power. It is placed into a cylindric aluminium container with a 
diameter of 2 m and a height of 1.5 m,with a top surface free to 
reach the core for assembl1ng operations. 

The accident occurred JUst when it was go1ng to be changed 
the configuration core of the facility. This operation was carried 
out, as usual, manually by the operator (A), who was leaning on 
the edge of the container. Figure 1 schematically shows the faci-
11 ty, composed by the reactor, the commanding room and the annexed 
laboratories to carry out measurements. The figure also shows the 
location of the 14 persons who were present in the facility when 
the accident occurred and they are referred to from A to N. 

PHYSICAL DOSIMETRY 

In order to carry out the dosimetric evaluation it was neces
sary to use alternative met11ods because none of the persons invol
ved had their personal dosimeter. 

The data were obtained by measuring the induced activity of 
Na-24 in the body or in blood samples, induced activity of P-32 in 
hair and activation of personal elements like rings, chains, Keys, 
sweaters, etc., measurements of rate of absorbed dose after the 
event, and absorbed dose obtained from the personal dosimeters 
that were hanging on t11e panel, marked number 3 in flg. 1 and from 
area dosimeters that are shown in fig. 1. 

The methodology used to estimate the absorbed dose, consisted 
in the use of different evaluat1on methods based on: 
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1) using the values of the sodium activation in blood, sulphur in 
l<air and the characteristics of the critical facility (1); 
2) Know:~.ng the thermic, epi thermic and rap1.d component of the 
neutrons fluence and applying conversion factors fluence dose in 
equivalent tissue (2); 
3) applying an AERE-R 7487 (3); 
4) using the relation between gamma and neutrons absorbed dose 
( 4. 5) i 
5) determining the hardness factor (R) from P-32 measurements in 
hair and Na-24 in body. 
D=D rapid (1+R) 1 considering R=D thermic + D intermediate 

D rapid 
6) measuring the rate of gamma absorbed dose, estimating the 
components of the gamma dose due to fission products and to 
prompt radiation, including in this last component, the gamma 
radiation com1.ng from neu tronic captures (6,7); 
7) modelling an homogeneous estimated cylindric source based o 
the core's accidental configuration. 
8) defining a transference factor: relation between the gamma 
absorbed dose measured in a certain place of the facility and in a 
place of the core. 

ESTIMATION OF THE ABSORBED DOSE IN THE PERSONS INVOLVED AND IN 
THE SURROUNDINGS OF THE F AGILITY 

In order to evaluate the dose absorbed by the opera tor (A), 
all the methodologies mentioned above were applied. 

The total absorbed dose in the whole body was obtained adding 
gamma and neutron components. The weighted neutron fraction in 
total body was estimated to be 22 Gy, while gamma the fraction in 
total body was assigned to be equal to the maximum dose in trunK, 
that is to say, 21 Gy. So, total dose absorbed in whole body was 
estimated to be 43 Gy. 

The dose value obtained belong to the average of the 
differents methods applied, with a maximun dispersion rate of 30 % 

The distribution of the neutron absorbed dose in differen 
parts of the body are shown in table 1. 

The dose in different organs, applying the 
tors of fluence in free air to organ dose (8) was 
The obtained values are shown in table 2. 

conversion fac
also estimated. 

The absorbed doses in whole body for the other persons invol
ved are shown in table 3. Errors of measurements are not shown in 
the tables because they are negligible considering all the other 
error sources such as: location of each person 1.n the moment of 
the accident, orientation in the space, time of permanence 1.n each 
point, etc. 

The air absorbed dose in the surround:Lngs of the facill. ty are 
shown in figure 1. 
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CONCLUSIONS 

From the data of the absorbed dose in the reactor's operator, 
it was estimated that he was positioned at the time of the criti
cal excursion was leaning on the reactor container with his right 
arm extended over him, and with his body and head a little turned 
to his left. 

From the measurements of the rate of the gamma absorbed dose 
taKen after the event and from the estimations carried out, we 
conclude that there is a contribution to the absorbed dose of the 
persons B and c due to sKy effect. 

There 1s a good correlation between the dose obtained by 
the physic dosimetry and the dose estimated by clinic and biologi
cal dosimetry (9). 
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INCIDENT INVOLVING LOSS OF A 37 GBq AMERICIUM 241 SOURCE 
FROM A RADIATION GAUGE 

A.J.Melbourne 
Radiation Safety Section. Health Department Victoria. 

This paper describes an incident reported to the Radiation 
Safety Section on 31 July 1986 wherein a radioactive source was 
found to be missing from the source housing of a radiation gauge 
used at a steel mill in Hastings, Victoria. 

Description of Gauge and Process 
The source was Americium 241 of activity 37 GBq, and was 

incorporated in a Reuter-Stokes Safety-Ray Type RSS-811 gauge (see 
Fig.l). It was used in one of six such gauges to detect the 
presence of steel slabs being rolled into sheet steel in the hot 
strip mill. Three were operational and three were installed as 
back-up devices which could be switched in should a fault develop 
during a rolling period. The source housings were made from 
stainless steel and were mounted in a comparatively inaccessible 
position between rollers under the hot strip mill. The radiation 
beam was directed upwards at an angle (see Fig.2). Below the 
source housings was a drop of approximately 6 metres to the flume 
system used to wash iron oxide scale from the mill area to 
collection pits. 

Long Cylln<ler 

Fig.l 

Collimator tubes 
Short Socket SCrew Holes 

Short Cylinder 
containing sautee 
capsule 

End Cap 

Sheath surrounding 
. ,source cap.sule 

D1agram of Source Housing Fig.2 

Sequence of Events 

Typical Hot Strip Mill 

A company operation check of the gauges on 14 July 1986 had 
shown everything normal prior to a 7 day steel rolling period. On 
23 July 1986, a further check prior to the next 7 day rolling 
period showed that the radiation level in the beam was 8 uGy/h 
compared ··;i th an expected level of 100 uGy /h. As a result the 
back-up gauge was switched in, the rolling period commenced, and 
the faulty gauge was listed for maintenance at the next down period 
on the mill. On 30 July 1986, during the scheduled down period, an 
examination of the gauge showed that the housing had become 
disassembled and that the radioactive source and parts of the gauge 
assembly were missing. A search was commenced by company personnel 
and one long screw and one short screw were recovered from the 
flume near the entrance to the finishing mill scale pit. 
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The following morning, 31 July 1986, the incident was reported 
to the Radiation Safety Section (RSS) and a full search of the 
flume area and finishing mill pit was commenced. No further parts 
of the gauge were recovered from the flume or the finishing mill 
pit. The search continued in the 200-300 tonnes of scale which had 
been removed from the pit. The scale was routinely sold to a 
cement manufacturer with plants at Geelong, Victoria and Traralgon, 
Victoria for use as a fluxing agent in the manufacturing 
process. It was advised that approximately 640 tonnes had been 
transported to Geelong and 40 tonnes to Traralgon since 14 July 
1986, when the gauge was last known to be intact. The company was 
adv.i.setl lhctl lhe ::;ource may have been transported to one of their 
factories in the scale, and that they should not process any 
further scale from Hastings. They were also advised to commence a 
search of the unprocessed scale and to obtain suitable samples from 
various stages of the manufacturing process for analysis. 

On 1 August 1986, a large industrial earth sifting machine was 
used to continue the search of the scale at the steel mill and the 
following parts of the gauge assembly were recovered : the second 
long screw, the second short screw, the short cylinder, the source 
sheath, and the collimator tubes. Examination of the scale at 
Traralgon found no trace of the gauge. RSS staff commenced a 
search of the scale at the cement works in Geelong. This search 
concentrated on hoppers which were mixing iron oxide scale with 
limestone. Advice from the company was that approximately 80% of 
the scale received since 14 July 1986 had already been processed. 
A press conference was held by the Health Department giving details 
of the incident and warning the public of the lost source. 

The search of scale processed through the hoppers and conveyor 
systems at the Geelong plant continued until clinker cement samples 
examined by RSS staff on 4 August 1986, using a portable multi
channel analyser, showed traces of Am 241. These samples had been 
collected on a routine basis for chemical analysis. Samples from 
the relevant dates were forwarded to the Australian Radiation 
Laboratory (ARL) for assessment. No Am 241 was detected in the 
sample dated 25 July 1986. A maximum activity of 3-4 Bq/g was 
found in the sample from 29 July 1986, and lesser activities were 
detected on subsequent dates. Calculations indicated that, 
assuming an even distribution of Am 241 in the average daily output 
of 2500 tonnes of clinker, most of the 37 GBq of Am 241 would be 
accounted for. The specific activity of Am 241 in the clinker 
would have been further reduced as it was added to the clinker 
stockpile of approximately 30,000 tonnes. The cement company 
advised that some of this material could have been processed into 
cement and sold either in bulk or in bags prior to any indication 
of the incident. 

The presence of Am 241 in the clinker indicated that the 
source capsule must have been processed through one of the two ball 
mills at the plant, and consequently that the remains of the source 
capsule could be still in a ball mill or in the reject material 
from the ball mills. Reject material from the ball mills had been 
used on roads in quarries and farms adjacent to the plant and on 
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the driveways of a number of employees. Searches of these areas 
were carried out but no trace of Am 241 was found. 

On 5 August 1986, a meeting between the Health Department, 
Radiation Advisory Committee, ARL, the steel company, and the 
cement company confirmed that the concentration of Am 241 in the 
cement did not represent a hazard and a press conference was later 
held to report the finding of traces of Am 241 in the cement. 

It then appectreu HIUS l likely that the source capsule remuins 
were still in one of the ball mills. Access to the mills was not 
immediately available. A motor failure prevented unloading of the 
small mill, and the large mill was therefore necessary for 
continued operation of the plant. The large mill contained about 
2.3 million chromium steel balls ranging from about 2 em diameter 
up to 9 em diameter whilst the small mill contained about 1.5 
million similar steel balls. 

On 6 August 1986, a meeting was held with the cement company's 
employees to discuss their concerns regarding the incident. On the 
same day, a shutdown of the large ball mill was arranged to enable 
a search of the interior. This proved inconclusive and indicated 
that the mills would need to be emptied to enable an effective 
search for the source capsule remains. 

On 12 August 1986, the small ball mill was emptied and traces 
of Am 241 were detected in the slurry, indicating that the source 
capsule had been processed in this mill. Samples from the slurry 
were later assessed by ARL and found to contain 22 Bq/g. Thirteen 
officers of the Health Department searched through the steel balls 
and the source capsule was recovered the following day. An 
examination of the capsule by ARL showed that about 1.5% of the 
original source activity remained, i.e. about 56 MBq. This 
confirmed that the majority of the activity had been processed into 
the cement. However, in view of the low concentration of Am 241 in 
the cement product, it was not considered that any action regarding 
decontamination of the plant or cement product was warranted. 

Review of Incident 
As a result of the incident a review was made of the design of 

the gauges and the reasons for the occurrence. The parts of the 
source assembly recovered were sent to the Aeronautical Research 
Laboratories for metallurgical examination to determine whether the 
gauge had been deliberately interfered with. Their report 
indicated no signs of interference. 

The gauges on the hot strip mill are subject to wide ranges of 
temperature (the steel slabs on the mill are at 1100°C) and 
considerable vibration. It was considered that this, along with 
inadequate maintenance procedures and the design of the gauges, led 
to the screws loosening over a period of time and the source 
assembly eventually falling apart. 
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The design of the gauge was considered inadequate in that the 
source capsule was held in the source assembly only by the two long 
screws through the end cap. Whilst these had also been held by a 
lockwire with a lead seal, this wire had rusted through and 
disintegrated. It was considered that the design of the device 
should have been better considering the extremes of temperature and 
vibration and the configuration of the gauge in the hot strip mill. 

on 
the 

a) 

Since the incident, the following conditions have been imposed 
all RSS-811 gauges registered with the Health Department under 
Health (Radiation Safetyi Hegulations : 

Each gauge to be removed from installation and inspected in 
detail in the workshop, with the following work to be carried 
out: 

i) All source assembly screws examined and tightened to a 
torque of 8 Nt.m. Locktite 622 or equivalent to be used to 
ensure that they do not loosen. (It was noted that all 
screws were able to be tightened by at least a half turn, 
even a unit which had not been used but was as supplied by 
Reuter-Stokes). 

ii) 
iii) 
iv) 

Rewire screw heads with MP35N or equivalent wire and seal. 
Inscribe serial numbers into body of assembly. 
Replace scews on beam window with stainless steel screws and 
MP35N wire or equivalent. 

b) 

c) 

d) 
e) 

f) 

g) 

Source assembly then to be bolted to frame mounting at correct 
torque setting; bolts to be wired with MP35N wire or 
equivalent. 
Prior to each start-up of a rolling process, a physical check 
of frame and source assembly bolts to be carried out. 
For each sensor or out of calibration alarm, a physical check 
to be made to ensure that the source assembly is intact (to be 
logged). 
Torque on frame mounting bolts to be checked every 3 months. 
Torque of source assembly screws to be checked, and screws 
rewired, every 12 months. 
Mounting and removal access to the source assembly to be made 
simpler to allow for ease of removal for thorough inspection. 
A maintenance-free source holder to be designed and plans to 
be forwarded to the Health Department for approval; the design 
to allow source insertion from the top of the assembly and to 
negate the need for any assembly screws in the lower section. 

Other State Health authorities were warned of the incident in 
order that they could determine whether similar gauges existed in 
their States and so that appropriate inspections could be carried 
out. 

It was considered that the design of a maintenance-free source 
housing and the interim conditions imposed on the registrations of 
similar gauges would prevent any repetition of this incident. 

Health (Radiation Safety) 
Printing Office. 

Reference 
Regulations 1984, Victorian Government 
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SURGICAL TREATMENT OF PLUTONIUM-CONTAMINATED WOUNDS 

Liu Yan-Ling 
Institute for Radiation Protection MNI 

ABSTRACT 

This Paper reviewed the surgical treatment of plutonium
contaminated wounds through 7 cases from 1g72 to 1985. All the 
cases were men. The causes of contamination were mainly 
carelessness in work. The classification of wound was 
laceration (2 cases), burn (2 cases) and puncture (3 cases). 
Original activity of plutonium deposited in wounds were 
estimated to be from 40.7Bq to 1.739 l0 4 kBq. After first 
aids they were performed by early surgical wound excision and 
DTPA administration. 

Only two cases of them, due to the more plutonium still 
remaining in woun~ were admitted to our hospital. We repeatedly 
monitored the amount of plutonium in wounds and local lymphonodes 
and also determined the range of contamination. The level of 
activity was 0.3145kBq, 7.03kBq and 0.555kBq, 1.0915kBq 
respectively. Under the block anesthesia, according to radio
active operation regulation, wounds and local lymphonodes 
were excised and to one of them DTPA was injected systemically 
and locally. Then it was satisfactory that the level of 
plutonium remained in wounds decreased from lllBq to 18.5Bq. 
The committed dose equivalent was 0.885Sv. 

The fact as above shows that it is important to pay more 
attention to plutonium deposited in regional lymphonodes for puo 2 -

contaminated wounds. Lymphonodectomy were performed for two 
cases with plutonium in local lymphonodes. We have followed 
them up to 2-14 years and no unsatisfactoriness was found. It 
also demonstrated that DTPA local injection not only was 
effectively to decrease the level of plutonium in wound but 
also might prevent the increase of the body burden of plutonium. 
So, we suggested that it should elect the method of anesthesia 
and abide by regulation in operation and the locally supplying 
chelating agents was suitable for the cases whose residual 
amount of plutonium in wound up to a certain level and who was 
not intended to perform any other surgical procedure. 
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SPACE AGE RADIATION PROTECTION 

by 

Dr.Joseph A.Angelo,Jr. 
Chairman, Space Technology Program 

Florida Institute of Technology 
Melbourne, Florida 32901 USA 

ABSTRACT 

As we enter the 21st Century, human beings will permanently 
occupy outer space, including operational space stations in low 
Earth orbit, work stations at various orbiting facilities throughout 
cislunar space (e.g. geostationary orbit), and initial bases on the 
surface of the Moon. Although small in overall number, mankind's 
permanent extraterrestrial population will be potentially exposed 
to a very high radiation risk, both from natural (cosmic} radiation 
sources as well as manmade radiation sources such as space nuclear 
power plants. This paper describes the projected radiation 
exposure environments that will be faced by astronauts in a variety 
of space work places, including extended human expeditions to the 
planet Mars. Advanced solid state radiation dosimetry devices 
necessary to provide adequate, real time and long term, radiation 
protection are described, including test radiation instruments 
used on the Space Shuttle. The need for advanced radiation 
protection programs for extended space missions is also discussed. 
Contemporary U.S. astronaut radiation exposure limits are compared 
to contemporary ''terrestrial" exposure guidelines. Space radiation 
protection is a critical issue, if we are to permanently inhabit 
cislunar space and become a space-faring species. 
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INTERCOMPARISON OF RADON MEASUREMENT TECHNIQUES 

Keskinen J.1 , Oksanen E. 2 , Lehtimaki M. 3 , Annanmaki M.2 and Laaksonen J 1 • 
1 Physics Laboratory, Tampere University of Technology 

2 Finnish Centre for Radiation and Nuclear Safety 
3 0ccupational Safety Engineering Laboratory, Technical Research Centre of Finland 

INTRODUCTION 

Direct and continuous measurement of radon is of importance e.g. when estimat
ing the effect of various countermeasures against high radon concentrations and locating 
the possible radon leakage paths. The need for continuous measurements has increased in 
Finland after the National Board of Health set the recommended limits (an action level of 
800 Bq/m3 and a planning value of 200 Bq/m3 for new buildings). According to the latest 
statistics (2) the 800 Bq/m3 limit is exceeded in approximately 1.4 % of the dwellings. 
Up till now, few devices for continuous measurement have been available, and are based on 
different measuring principles. Different radon and radon daughter measuring techniques 
have been reviewed by Budnitz (1 ). However, little attention was given to the continuous 
measurement. The national laboratories in the European Community carry out intercom
parison measurements, but these have been limited for the purpose of quality assurance only. 
Recently, Shimo et al. (15) presented an intercomparison test. With the two continuous 
instruments included, they obtained comparable results when using indoor and outdoor air 
as sampling gas. 

The object of the present study is to test continuous radon meters available in Finland 
(representing different measuring principles) to find out their reliability in different circum
stances and their suitability for different tasks. Here, we report the results of laboratory 
measurements showing the effect of humidity and aerosol concentration on the instruments. 
Preliminary results of the field tests are also included. 

METHODS AND INSTRUMENTS UNDER COMPARISON 

The techniques and instruments studied were: a scintillation chamber (SC), a contin
uous flow ionization chamber (IC), an electrostatic monitor (EM), and a new commercial 
method based on ion concentration measurement (IM). 

Scintillation Chamber (SC): Perhaps the most common method in continuous 
and sample radon measurement is the Scintillation or Lucas chamber (3,12,13,16). We used 
a commercial ZnS(Ag) device with a build-in pump. The instrument is fabricated by Pylon 
Electronic Development Co Ltd, Canada. A continuous 0.4 lpm air flow was maintained 
through the scintillation cylinder and alpha particles were counted for appropriate time 
periods. The response time of the instrument is approximately 3 hours because of the 
daughters attached into the scintillator. The detection level is set by statistical limitations: 
40 Bq/m3 is measured with an accuracy of about 20 % using a 30 min counting interval. 

Ionization Chamber (IC) is another one of the traditional widely used meth
ods (5,9,10,11,15) We used two continuous flow (8 lpm, chamber volume 20 1) instruments 
constructed in the Physics laboratory of Tampere University of Technology. The analoc cor
rection circuit presented by Janka and Lehtimaki (10) gives the instrument a fast response 
time of 5 min. The sensitivity of the instrument is about 20 Bq/m3 • 

Electrostatic Monitor (EM) suitable for continuous measurement was presented 
by Dalu and Dalu ( 4) and has since been modified (14,17). We used an instrument made 
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by Studsvik Energiteknik (Sweden) that is to be commercially distributed by Alnor Co. 
The instrument is based on radon diffusion through a plastic foam into the measurement 
chamber where the decay products are collected on the surface of a surface-barrier detector 
by an electric field. Capable of resolving the energies of RaA and RaC ', the instrument has 
potential for fast response. This is somewhat limited by the diffusion process through the 
foam: the practical response time is over 30 minutes. A built-in pump is used for flushing 
the chamber but not used during the counting. By using an external pump and a high 
efficiency filter it is possible to operate the instrument in a continuous flow mode. This 
mode was also studied. Statistical limitations set the 20 % accuracy concentration at appr. 
100 Bq/m3 using 30 min intervals and RaA counting. 

Ion Concentration Measurement (IM): A new commercial instrument, lima
Radon, made by Ilmasti Co, Finland is basically an ion meter. The use of indoor small ion 
concentration as a measure of the radon concentration is based on the fact that radon with 
the short lived decay products is the major contributor to the ion formation rate indoors. 
The main advantage of this type of measurement is the fast response, because the life time of 
small ions is short and practically no daughters are collected. The ion method has, however, 
inherent causes of inaccuracy. The indoor ion concentration is dependent on the processes 
which remove small ions: recombination, attachment to surfaces and aerosol particles as 
well as electric fields (7,8). 

EXPERIMENTAL AND RESULTS 

The laboratory tests were done in a 26 m3 test chamber where different concentrations 
of radon and other airborne substances could be generated. 222 Rn was allowed to diffuse 
into the test chamber from a 1 mCi RaCh salt dilution through an injection needle and a 
dilution volume. The chamber contained filters to clean the chamber air and a humidifier. 
Also compressed (and filtered) air supply and an exhaust blower were available. 

M 
E 

" cr 
m 

.., 
:J 
a .., 
:J 
a 

100 1000 

Radon concentration 

10000 

Bq/m 3 

tlgLtre l. The output of the devices as a 
function of Rn concentration. !'::. =SC, 
D =IC, + =EM, * =IM. 

4 

~ * H 

..... 
0 3 
.., 
:J 
a .., 
:J 2 
0 

nl 
> 

..-< .., 
1 10 

rl 

nl 
a: 

0 

0 10 20 30 40 50 

Particle concentration 1000/cm3 

-'igure 2. The effect of the aerosol 
concentration on the IM output. 

Calibration: The instruments were calibrated in the facilities of the Finnish Centre 
for Radiation and Nuclear Safety. Monitors were placed in a 8 m 3 calibration room, where 
radon was produced by uranium ore. Radon concentration was continuously registered by 
two Lucas-type detectors, which had been calibrated against standard radon sources. The 
temperature and the relative humidity remained reasonably constant with values of 25 °C 
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and 30 % , respectively. The results at five different radon levels are shown in Figure 1: the 
IC and SC outputs were in good agreement with the radon concentration over the measured 
range; the EM calibration was too low but linear. The large deviation of the IM output is 
mainly due to the low aerosol concentration (approximately 250 1/cm3

). 

Aerosol Concentration: The effect of aerosol concentration on the indicated radon 
concentration was studied using tobacco smoke. One of the ionization chamber monitors 
equipped with a HEPA filter served as a concentration reference. The aerosol size distri
butions and concentrations were measured using a TSI Differential Mobility Particle Sizer. 
IM was found to be the only instrument affected by the aerosol concentration. Figure 2 
shows the relative output of IM as a function of the total number concentration of particles 
larger than 0.01 /-LID: the output is approximately inversionally proportional to the aerosol 
concentration, as would be expected. 

Humidity: In order to achieve a low humidity level, compressed air was fed to 
the chamber. During the test, the humidity was increased stepwise. One of the IC:s was 
again used as a reference meter taking the sample through a dryer. The temperature in the 
chamber varied less than 1 °C during the experiment. The relative output ofthe instruments 
as a function of R.H. is presented in Figure 3. The most sensitive is EM due to the change in 
the neutralization of RaA. This has been found to be dependent also on the concentration 
of various trace gases in the air (e.g. 6). Due to active charcoal filtered air feed, the 
concentration of these gases in the chamber air was propably lower than in normal indoor 
air. It is possible that the change in the output is to some extent caused by infiltration of 
gaseous compounds from the surrounding laboratory during the experiment. The ionization 
chamber shows a very weak dependency of the same kind. The output of the Scintillation 
Chamber remained practically unaffected by the changes in humidity. The main reason 
for th<: scatter in IM results is probably the changes in the particle size distri'mtion and 
concentration. 
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Field Tests: Due to the observed variations of the IM response, the meter was 
further tested in eleven separate dwellings -ranging from one-storey small houses to four
storey buildings. The results, shown in figure 4, include 4-10 readings in every dwelling. 
The momentary radon concentration of measurement points were determined by samples of 
evacuated scintillation chambers. The IM device tended to give high results especially at 
low radon concentration. Both aerosol generating activities (cooking) and movements near 
the device were observed to affect the reading. 
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CONCLUSIONS 

In continuous measurement the response of the instrument must be fast enough to be 
able to follow the concentration variations of interest. IC and IM have response times short 
enough for practically any application. The use of an external pump and filter gives EM a 
reasonably fast response, whereas in diffusion mode the response is rather slow. SC is too 
slow for radon leakage and certain ventilation studies. The most reliable instruments seem to 
be SC and IC. The IC is somewhat sensitive to changes in the background gamma level, which 
is not a serious drawback in dwellings. EM is sensitive to the humidity (and the gaseous 
composition of the air). The dependency of IM output on the aerosol concentration and on 
electric fields causes the readings to be unreliable, especially in short time measurements. 
The manufacturer is working on a method to compensate the effect of aerosol particles. The 
effectivity of this method remains to be studied. 
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PACIFIC REGION RADON DAUGHTER INTERCOMPARISON 

S.B. Solomon. J.R. Peggie and T.H. Gan 
Australian Radiation Laboratory 

Lower Plenty Road Yallambie Melbourne 
Victoria Australia 3085 

ABSTRAC'l' 

The Nuclear En8rgy Agency of the OECD, through its 
Committee on Radiation Protection and Public Health, has 
established an international programme for the 
intercomparison of measurements of radon, thoron and their 
daughter products. In April 1987 an intercomparison of radon 
daughter measurements was carried by 9 laboratories from 
Australia and Japan, using the radon test facility at the 
Australian Radiation Laboratory (ARL). Melbourne. 
Measurements of the potential alpha energy concentration 
(PAEC) between seven of the laboratories showed that 3 were 
not significantly different from ARL and that 2 were within 
5%. some of the differences can be assigned to systematic 
differences in activity and flow calibration standards used 
by each laboratory. 

INTRODUCTION 

A programme for the intercomparison and intercalibration 
of measurements of radon, thoron and daughter products, 
sponsored jointly by the Nuclear Energy Agency (NEA) of the 
Organisation for Economic Cooperation and Development (OECD) 
and the Commission of European Communities (CEC). was 
initiated in November 1983. The first part of this programme, 
covering the intercalibration and intercomparison of radon 
measuring equipment was successfully completed in 1986 (1). 
The intercomparison of measurements of the shorter-lived 
radon daughters cannot be made in the same manner as radon, 
using an interchange of sample containers, but requires 
side-by-side measurements of the same test atmosphere (2,3). 

The Australian Radiation Laboratory is the designated 
Pacific region radon reference facility for this 
intercompar is on programme and has the res pons ibil ty of 
coordinating intercomparison activities between laboratories 
of OECD-member countries within the Pacific region. Over the 
week of March 30 to April 3, 1987, representatives of six 
Australian and two Japanese laboratories attended ARL in 
Melbourne to carry out an intercomparison of radon daughter 
measurements using the ARL radon test chamber. 

The measurement programme was divided into four sections, 
(a) Intercomparison of flow and activity standards 
(b) Intercomparison of radon daughters from grab sampling 
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(c) Intercomparison of radon daughters from integrating 
monitors 

(d) Intercomparison of unattached radon daughter 
measurements 

A total of 35 grab sample measurements and three days of 
integrating monitor measurements were carried out by the 
participating laboratories This paper briefly descibes the 
methodology for this series of intercomparisons and reports 
the some of the results. A more detailed decription of the 
measurements and results is provided elsewhere (4). 

PROCEDURE 

All measurements of radon daughter parameters were made 
using the ARL radon test chamber. The test atmospheres for 
these measurements were defined at an OECD/NEA and CEC 
International Radon Workshop, held in Paris during May 1985. 
Two sets of experimental conditions were produced, with 
different aerosol concentrations. The chamber was maintained 
at 20° c, 50% RH and a nominal radon concentration of 4000 
Bq/m3. A small number of measurements were made on the 
final day at a radon concentration of 650 Bq/m3. A carnauba 
wax aerosol with an activity median aerodynamic diameter of 
0.1 micron was generated using a condensation aerosol 
generator. With aerosol concentrations of 5000 and 30000 per 
cm3, the resultant radon daughter equilibrium ratios were 
0.3 and 0.6, respectively. 

F'ive of the laboratories provided calibrated alpha 
activity standards for intercompar is on. Where possible, each 
of these sources was counted in each of the detection 
systems, and the resultant counting efficencies compared. 
Dry-test meters were provided by two laboratories for the 
measurement of sample volume. These meters were intercompared 
with the ARL wet- test meter. The rotameter flow- meters used 
by two of the laboratories were also intercompared with the 
ARL wet-test meter. Seven of the participating laboratories 
brought their equipment for the sampling and the counting of 
radon daughters, while two laboratories provided integrating 
radon daughter monitors for intercomparison. 

Four sample ports were available on the radon test 
chamber. The radon daughter intercomparison was carried out 
with three measurement groups, with ARL taking part with all 
three groups. Each group collected concurrent samples from 
the chamber and the activity on the filter samples was 
analysed to determine the individual daughter concentrations 
and the PAEC, using either two- count alpha spectroscopy or 
three gross alpha count methods. The integrating monitors 
were operated for three sets of eight hour periods in the 
radon test chamber, and each exposure period was analysed for 
integrated PAEC. The results for these monitors are reported 
elsewhere (4). 
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RESULT'J 

The results of the intercomparison of the five calibrated 
alpha sources are summarised in Table 1. This table shows the 
derived counter efficencies for each reference source. Three 
sources were in good agreement (A, c and E). one source gave 
efficencies approximately 6% higher (B) and one source gave 
efficencies 24% lower (D). The measured ratios of the 
flow-rates, relative to the ARL wet-test meter, were 1.03, 
1.02 and 1.00 for: the flow-meters used by laboratories B,E 
and H, respectively. 

Table 1. 
detection 

Intercomparison of calibrated alpha sources
efficency (cps/Bq) for laboratory counting systems 

Laboratory Reference Source 

Counter (A) (B) (C) (D) (E) 

(A) .439±.003 .469±.002 .446±.004 .355±.001 . 44 3±. 002 

(B) . 389±. 002 .418±.002 (No measurement) .401±.002 

(C) . 157±. 001 .161±.001 . 158±. 001 .146±.001 .161±.001 

(D) .350±.002 .371±.002 .310±.002 .267±.002 .357±.002 

(E) . 127±. 001 . 138±. 001 (No measurement) .132±. 001 

Each of the three measurement groups carried out at least 
nine intercomparisons of radon daughter concentration. The 
derived values for the PAEC, relative to the respective ARL 
measured value, are summarised in Table 2, together with the 
calculated mean, standard deviation and standard error of the 
mean, for each laboratory. 

DISCUSSION 

In general, there was excellent agreement between most of 
the laboratories for the measurement of radon daughter PAEC. 
The results in Table 2, for the mean ratios of laboratory 
PAEC to ARL PAEC, show that the values for three of the 
laboratories (F, G and H) were not significantly different 
from 1.00. The ratio for laboratory E of 1.02 was different 
from 1.0 at the 95% confidence level. Laboratories B,C and D 

with ratios 0.87, 0.95 and 1.23 respectively, were 
different from 1.00 at greater than 99% confidence. Some of 
these difference can be accounted for by the differences in 
the reference source calibration, evident in Table l. 
Examination of the standard deviation of the mean value for 
each laboratory, in Table 2, shows that some laboratories 
were more consistent in their measurement procedures. 
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Table 2. Results of PAEC intercomparison - ratio of PAEC for 
participant laboratory to corresponding ARL value. 

Laboratory Identification 

sample 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

Mean 
1 SD 
,SEOM 

Group 1 
(B) (F) (H) 

0.81 0.92 
0.81 0.96 
0.85 0.98 
1. 04 1. ll 
0.75 1.11 
0.91 1.12 
0.90 0.94 
0.88 1.08 
0.82 1.12 

0.87 1.04 
0.09 0.09 
0.03 0.03 

0.99 
1. 02 
1.11 
1. 07 
1.04 
1.01 
1. 04 
0.81 
1.07 

1. 02 
0.08 
0.03 

Group 2 
(C) (E) 

0.98 
0.97 
0.97 
0.97 
0.96 
0.95 
0.96 
0.94 
0.88 

0.95 
0.03 
0.01 

1.07 
1. 03 
1. 05 
l.Ol 
0.97 
1. 06 
0.98 
0.98 
1. 04 

1. 02 
0.04 
0.01 

Group 3 
(D) (G) 

1. 55 
1. 27 
1. 37 
l. 16 
0.94 
1. 47 
1. 09 
0.96 
1. 22 

1. 23 
0. 21 
0.07 

0.90 
0.80 
0.96 
1. 03 

0.97 
1.37 
0.95 

1.00 
0.18 
0.07 
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INTRODUCTION 

There is a special need for continuous radon meters in studying radon entry and 
possible countermeasures against high radon concentrations in existing houses. In these 
studies, a wide concentration range and a fast response are required, as is a movable 
sampling probe for active sampling. In addition, the meters have to be portable to be 
suited for field use. 

Traditional methods for radon measurement are the two-filter method (9), the elec
trostatic method (1 ), the scintillation chamber (5) and the ionization chamber (2). All 
of these methods can be applied to continuous measurement and relatively fast responses 
can be achieved using alpha spectroscopy or correction circuitry/computing (3,6,8). The 
sensitivity of these instruments is in general proportional to the chamber volume. A large 
measurement chamber, however, is not desirable from the viewpoint of portability. The 
volume is also limited by demands set by daughter collection and alpha detection in the 
electrostatic method and the scintillation chamber method, respectively. In the ionization 
chamber the benefit of using a larger chamber is decreased by the increase in the back
ground current. The background affects also the other methods at a low concentration. A 
problem common for all active sampling devices is the variation in the diffusion coefficient 
and the neutralization rate of radon decay products (specially 218 Po) caused by changes 
in the gaseous composition and the humidity of the air. This causes variation in the 
attachment of the daughters in the measuring chamber and hence affects the instrument 
output. 

To meet the conditions and to solve the problems described we have designed a 
smaller ionization chamber used both in alpha pulse mode and total current mode. Using 
an ionization chamber in pulse mode with normal air introduces difficulties: the long and 
low pulses are hard to process and mechanical vibrations are ready to cause spurious 
pulses in the frequency range of the pulses. The pulse length causes the coincidence error 
to become significant at a relatively low pulse rate. Recently, Katase et al. ( 4) presented 
a new instrument based on the use of plane multiwire-electrode ionization chamber used 
in pulse counting mode. A good sensitivity and a fast response time was reported. Shimo 
et al. (7) reported the performance of an ionization chamber meter used in both pulse 
and total current mode. Unfortunately, the construction of their instrument is not known 
by the authors. 
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Figure 1. Schematic diagram of the instrument. 

CONSTRUCTION 

A schematic diagram of the present instrument is shown in figure 1. The hemi
spherical ionization chamber has a volume of 1.7 litres. The volume is selected as a 
compromise between portability and sensitivity - the chamber can easily be replaced 
with a larger one. To achieve an adequate pulse rise time, a 2 kV voltage is used between 
the electrodes. A switching-generator-module is used with an additional RC-network for 
reducing the voltage ripple. The edge deformation of the electric field is minimized by a 
resistive voltage division chain on the supporting plane between the electrodes. 

To eliminate the problem caused by the variation in the attachment of the daughters 
in the chamber, a membrane filter is installed at the air outlet (on the inner electrode) 
to ensure 100 % attachment of the decay products. The electrodes are constructed using 
plastic hemispheres coated with highly conductive ( < 3r!/o) paint in order to minimize the 
microfonic noise. The outer surface of the outer electrode is painted for electric shielding. 
The electrode-preamplifier unit is rubber band mounted inside a rigid metal box and 
connected to the pump unit with a flexible tubing. 

The charge sensitive electrometer is constructed using a modern operational ampli
fier fulfilling the conditions for low noise and high input impedance. The output integrates 
the input signal without damping, and the electrometer is zeroed externally before satura
tion. The output signal of the electrometer is further processed and digitalized to satisfy 
the needs of the pulse counting and the total current mode measurements. 
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DISCUSSION 

Figure 2 shows results of a calibration measurement with different radon concen
trations. This preliminary measurement has been performed using a larger prototype 
chamber. The pulse mode gives more reliable results when the radon concentration is low. 

The signal processing in current mode is straightforward, whereas the operation 
in pulse mode still causes problems. At the moment the signal processing is performed 
using an external microcomputer. The program has still to be developed to be suited for 
a microprocessor based system to be built in the instrument. This system is also to deside 
whether pulse mode is used or the total current measured, as well as the length of the 
counting period. Alternatively, these can be selected manually. 

Although at a prototype stage, the processing system has shown promising features: 
The pulses are recognized also by their shape rather than their height only. This is 
important because a large part of the alpha particles hit the electrodes before losing all 
the kinetic energy. The system is able to cope with some pulse pile-up before changing 
to total current mode. The spurious pulses caused by vibrations can be recognized and 
ignored - or the counting halted for a period. In highly vibrating conditions a warning 
is given and the total current mode used. The background current level can be checked 
on the field by introducing air with a relatively low radon concentration into the chamber 
(or rather performing this check before starting the sampling in a new location). 

In general, the instrument has a relatively simple and inexpensive construction. On 
the other hand, the pulse processing and control are somewhat complicated. The micro 
program is still to be developed. Further development is also needed to have a construction 
less sensitive to vibrations. 
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Figure 2. A comparison of the pulse and total current output of the prototype instrument 
at low radon concentrations. 
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INTRODUCTION 

When estimating the importance of the aerosol particles on 
the radon decay products in indoor air, both the concentration and 
the size of the particles must be taken into account. This can be 
accomplished by defining an equivalent particle concentration 
called attachment rate X. Assuming particle size distribution 
F(DP), one can give the following equation 

( 1) 

where p(D ) is attachment probability function. Theories dealing 
with the Cttachment of free decay products have been discussed by 
several authors. According to Porstendorfer et al. (1979), the 
attachment probability is proportioal to D in the case of large 
particles and to D~ for fine particles. Thg experimental results 
presented by Porst12ndorfer et al. (1979) and Porstendorfer and 
Mercer (1978) are in a good agreement with this theory. 

The measurement of the attachment rate or attachment rate 
equivalent particle concentration is possible if the sensitivity 
of the measuring instrument has the same particle size dependency 
as it is the case with attachment probability, eq. (1). The 
conventional particle measuring instruments, viz. condensation 
nucleus counters, optical particle counters and particle mass 
monitors, do not fulfil this requirement. By using the 
submicrometer particle size analyzers it is, however, possible to 
determine the particle size distribution and thereafter calculate 
the attachment rate by multiplying particle concentrations in each 
size channel by corresponding attachment probability. 

In this study, the principles of the electrical aerosol 
measuring technique can be utilized in developing an alternative 
method. This measuring technique is based on the measurement of 
electric current generated by unipolarily charged particles. The 
diffusion charging of aerosol particles is a process which 
resembles the attachment process of free decay products. Thus, it 
is reasonable to assume that the particle size dependencies of 
these two processes are near to each other. 
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ELECTRICAL AEROSOL DETECTOR 

The electrical aerosol detector, the principle of which is 
shown in Fig. 1, is a simplified version of the electrical aerosol 
analyzer (EAA) (Liu and Pui, 1975), a well known instrument used 
in numerous studies dealing with submicrometer aerosol particles. 
The basic idea of the present method (Lehtimaki, 1983) is to 
measure the electric current carried by unipolarily charged 
particles. Compared to the traditional method, the major 
difference is that the electric current is measured directly from 
the aerosol charger without using a filter charge collector. 
Aerosol charger, high-voltage supply and control electronics form 
a unit which has been isolated from the ground potential. The 
electric current escaping from this unit is measured by the 
electrometer. 

Essential features of the present method are the careful 
shielding of aerosol charger floating at the input of the 
electrometer and the inductive power transfer to the high voltage 
supply. Also, careful elimination of the disturbing capacitive 
currents and prevention of the ions from escaping the charger are 
of great importance. Despite the corona voltage being 5000 V and 
the corona current stabilized to 2.3 ~A, it is possible to measure 
aerosol currents down to 0.1 pA. 

Air" flow 

Control electron1cs 
Corona electrode 

Figure 1. Schematic diagram of EAD. Cylindrical corona charger. 

854 



The current I generated by the flow of charged particles is 

( 2) 

where SN(D ) is the number sensitivity function of the detector. 
The sensit~vity function of the electrical aerosol detector was 
determined by using EAA and optical particle size analyzer (PMS 
Las x) as reference instruments. According to the experimental 
results, the sensitivity function of EAD has approximately the 
form 

SN(Dp) = K 

1.7 10- 14 A cm 3 
K 

b 
< < 1.2 (0.02 ~m = DP = 1.0 ~m) 

( 3) 

This result is in agood agreement with the results presented 
by Liu et al. (1975). By comparing the sensitivity function with 
the attachment probabilty function, it can be concluded that 
SN(D~ can be used as a reasonable approximation for ~(D 0 ). Thus, 
it is reasonable to assume a good correlation between the 
attachment rate and the current given by the EAD. 

EXPERIMENTS WITH RADON DECAY PRODUCTS 

The feasibility of the present method in the real-time 
measurement of the attachment rate equivalent particle 
concentration was estimated in laboratory conditions. The 
measuring system consists of a test room (volume 28m 3 ), radon 
source (1 mCi RaC1 2 salt dilution), radon measuring instruments, 
particle generators, and the electrical aerosol detector. The 
equilibrium factors were measured with a system consisting of a 
filter sampler for the total activity and a copper screen sampler 
for the free decay products. The reference radon concentration was 
measured with an ionization chamber-type radon monitor. In these 
experiments, the equilibrium factors Ft (total alpha energy) and 
Ff (alpha energy of free decay products) were determined as a 
fun c t i on of E AD ' s read i n g for d i f fer en t types of aero so 1 s . D uri n g 
the measurements only the concentration and type of the particles 
were varied. In these conditions, equilibrium factors can be 
assumed to be single-valued functions of the attachment rate. If 
the EAD's reading correlates with the attachment rate, the 
equilibrium factors should be single-valued functions of EAD's 
current as well. 

Different types of aerosols were used in order to clarify the 
importance of particle size and composition on the equilibrium 
factors. The results of these measurements are shown in Fig. 2. In 
this figure, the equilibrium factors for total activity Ft and the 
free fraction Ff are presented as a function of EAD's current. 
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Despite the relative wide range in the size of the particles, only 
a moderate scattering in the measuring points can be observed. 
These results can be regarded as a reasonable indication of EAD's 
suitability to the monitoring of the attachment rate or attachment 
rate equivalent particle concentration. 
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Figure 2. Equilibrium factors Ft and Ff as a function of detector 
current. Symbols: !=Arizona road dust (0.3 !lm), 2=NaCl 
particles (0.06 llm), 3=particles generated by the corona 
discharge (0.02 ... 0.05 !lm), 4=NaCl particles (0.035 
!lm), 5=cigarette smoke (0.1 llm), 6=DOP (0.1 llm), 7=DOP 
(0.3 !lm), 8=laboratory air. 
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INTRODUCTION 

'!'he n•roe-nit ion oft hP rolf' of radon and its decay products in the induction of lung cancer in ura
nium miners led to exposure limitation guides. The ICRP has recommended limits for the purpose of 
radiation protection in mines, expressed in terms of Annual Limits on Intake. The efforts required to 
maintain satisfactory control are quite variable, depending on the mining method, the geological 
formation, the concentration of uranium and thorium in hostrock and ore, climate etc.General principles 
of monitoring for radiation protection of workers have been established by the Commission in ICHP 
Publication 35. The main functions and the various forms of monitoring are analyzed with particular 
attention given to the design of a monitoring programme and the interpretation of results for external 
radiation, for surface, air, skin and internal contamination. The requirements for both ambient and staff 
monitoring in mines should conform with these general principles. 

While for the dosimetry of the external y-radialion the instrumentation is well approved to a high 
standard, the measurement of internal exposure by radon and its daughters is relative laborious and 
unprecise. There are several instruments available for grab sampling and continuous monitoring of 
radon and its daughters in mines and in the environment. Best estimation of exposure, however, can be 
achieved using continuous or integrating measuring equipment and integrating personal dosemeters. 
These especially exclude difficulties arising from well known short term variations of radon 
concentration which can be as much as one order of magnitude or more. There are mainly two 
techniques used today for radon measurements: active and passive systems. Active techniques need an 
external power supply for pumps and electronics, which passive devices avoid. They use 
thermoluminescence detectors or track etch detectors. Detailed information is available from literature. 

DOSEMETEI{ DESIGN 

For environmental and personal monitoring a small size, integrating dosemeter for the determi
nation of the radon as well as external y-exposure has been developed at KfK (1). It uses a polycarbonate 
solid state nuclear track detector (MAKROFOL E) for the registration of a-particles from radon and its 
short lived decay products. y-radiation is registered by TLD chips. The design of the dosemeter is shown 
in Fig. I, the cross section in Fig. 2. Special attention was given to electrically conductive surfaces for all 
parts of the dosemeter. Different surface charges occuring on non conductive surfaces will result in 
inhomogeneous plate out effects of charged radon decay products. This will result in poor reproducibility 
of the measurement, especially for small size dosemeters, where the distance surface to detector is 
within the range of the a-particles. The KfK dosemeter is produced from carbon loaded thermoplast by 
pressure decasting. 

CALIBRATION, REPRODUCIBILITY 

The quantity measured by the dosemeter is the time integral of the actual radon concentration 
(2) i.e. the exposure. The radon exposure X is: 

Where are 
T 

XR = f C(t) dt 
II 0 

X 
C(t)= 
T 

radon exposure in Bq/m3·d 
radon concentration at the time l, 
exposure time 
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Fig. 1: Design and parts of the 
KfK Passive, Personal Radon Dosemeter, 
inc! uding TLD for external y-radiation 
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Fig. 2: Cross section of the KfK 
Passive, Personal Radon Dosemeter, 
including TLD for external exposure 

Assuming linearity between radon exposure and the number of tracks counted with the sensitivity c of 
the diffusion chamber: 

where are !: 

N, 
NO 
A, 
AO 

radon sensitivity in (tracks/cm2)/(kBqm-3d), 
number of tracks counted in the field A, 
background tracks in the field AO, 
area counted in cm2 for the total number of tracks 
and background tracks, 

Several calibrations have been done in the past. Fig. 3 shows as an example the results of the CEC 
intercalibration test organized by the French CEA in the uranium mine of Lodeve in 1985 
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Fig. 3: Comparison of the reading of the 
CEA continuous radon monitor with 
the readings of the KfK Passive, 
Personal Radon Dosemeter 

The estimation of the total measuring uncertainty of the radon exposure is done as follows: 
Taking into account the statistic uncertainty of track counting for the total tracks (N + No) the relative 
measuring uncertainty is given for low track numbers by the standard deviation of the background 
reading So and for the high track numbers by the relative standard deviations of the exposed set: 
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where are N,N0 
So 

I 00 2 2 2 1!2 
s(N) = - (N + N + S + s · N l N o o o 

number of radiation induced or background tracks, 
standard deviation of the background reading No, 
relative standard deviation caused by 
systematic uncertainties 

The relative standard deviation s(N) vs. number of tracks can be calculated on the basis of the for
mula and the experimental values So and Sr of an unexposed and an exposed set. The relative standard 
deviation Si is given by the measured standard deviation sr of the exposed set with the number of tracks 
N,: 

2 2 -1 
s = s + N 

r l r 

S, is the total systematic uncertainty resulting mainly from the scatter of the individual detector 
sensitivity within the set as well as from the etching and counting technique. With the radon sensitivity 
of the track detector in the diffusion chamber the lowest detectable radon exposure XL can be calculated 

-1 
t 

Rn 

where N L is the lowest detectable number of tracks at a relative standard deviation of 50%. These 
calculations have been confirmed by various series of measurements (3). 

PERSONAL DOSEMETER FOR MINERS 

In rough environments with dust and high moisture loads, active dosemeters are prone to failure. 
For instance, variations in air flow through the filter can falsify the readings in an unpredictable ways. 
In addition, the equipment requires a more or less high amount of maintenance. 

The passive dosimeters has none of these drawbacks. It is integrated into miner's helmets (Fig. 4) 

in such a way, that the dosimeter opening, through which gases and aerosols are exchanged, faces the 
interior of the helmet. This protects the dosimeter mechanically and from direct impacts by dust and 
water sprays. In environments with mud, high dust or moisture loads, the dosemeter can be covered with 
a hydrophobic fiberglass filter, which prevents wetting of the dosimeter inside as well as the penetration 
of dust. This ensures that the measurements are rei iable also under rough operation conditions. 

Fig.: 4 
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The main disadvantage associated with the use of a filter is, that only the radon gas and not the 
dose effective short-lived decay products are measured. Therefore, a mean equilibrium factor has to be 
applied, which is estimated from grab sample measurements. However, these measurements are still 
necessary also where personal dosimeters are used, i. e. for clearing workstations after changes in 
ventilation patterns or after a breakdown of the fans. Personal dosimeters only integrate, indicating the 
monthly exposure received. The working place measurements prescribed by the mining authorities are 
carried out routinely in uranium mining, and their statistical evaluation results in the necessary 
accuracy for converting radon concentrations into lung exposures. Another negative characteristic is, 
that the passive detectors register radiation all the time and not only during working hours. This 
however can easily be corrected by using some additional dosimeters for the background in the pithead. 
The time, where the miner was working, is recorded as Ts. The total exposure time of the dosemeter is T. 
The individual miners exposure XRn. in~ then can be calculated as follows: 

where are 

X ==X -X · 
Rn,ind Rn,Pers.dvs. Rn,cuntrols (1- TTs) 

XRn,pers.dos: 

X Rn,controlls: 

radon exposure of the personal dosemeter 
radon exposure of the control dosemeter 

The KfK Personal Dosemeter for miners is used for official exposure measurements in a German 
uranium mine. Extensive tests side by side with the CEA dosemeter have been performed in German 
and French mines together with the CEA. In addition the dosimeter is used in Brasilian and 
Argentinian mines. The main advantage of this dosimeter is, that the individual exposure measurement 
can be done with ruggedized cheep dosemeters having no moving parts to fail under extreme 
environmental conditions. Also no power supply and in consequence recharging stations are necessary. 
An advantage also is, that the dosemeter can be used as it is without any modifications for en 
vironmental monitoring of mining sites and houses. 
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AN INTEGRATING POTENTIAL tt-ENERGY MONITOR FOR ENVIRONMENTAL 
RADON MEASUREMENTS 

Takao Iida 
Department of nuclear Engineering, Faculty of Engineering, 
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INTRODUCTION 

The effective lung dose equivalent is calculated from the 
inhaled potential tt-energy of Rn-222 daughters and the unattached 
fraction f of the total potential ~-energy (1,21. The 
unattached fraction fp can be estimated from the concentrations 
of Rn-222, Rn-222 daughters and unattached Po-218 by uslng 
Jacobi's model (31 and some assumptions. In order to estimate 
the effective dose equivalent due to inhalation of Rn-222 and its 
daughters. therefore, it is necessary to measure the long-term 
average concentrations of Rn-222, potential a-energy of Rn-222 
daughters and unattached Po-218 in various environments. 

POTENTIAL ~-ENERGY MONITOR 

The cross-sectional view of the constructed potential ~
energy monitor is illustrated in Fig.l. Air is drawn through a 
wire screen and a membrane filter with a small diaphragm pump. 
Consequently, unattached and attached Rn-222 daughters are 
collected on the screen and the filter, respectively. Alpha
particles from the Rn-222 daughters on the screen and the filter 
are detected with cellulose nitrate <CNI films. Since the 
geometry between the CN film and the screen or the filter and the 
thickness of absorbers are determined as shown in Fig.1. only 
6.00 MeV a-particles from Po-218 on the screen and only 7.68 MeV 
a-particles from Po-218 on the filter produce etchable tracks on 
the CN films. 

CNfilm 

0 
l 

Absorber 
(1.61mgcm-2

) 

Absorber _
2 

(O.B8mgcm ) 

CN film 
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Fig.l Integrating potential 
a-energy monitor. 



The CN films, the wire screen and the filter are exchanged 
at intervals of one week. The CN films are etched for 180 min at 
60°C in 2.5 N NaOH solution. The etched tracks are counted using 
a microfiche reader having a magnification of 24 times. 

CONCENTRATIONS OF EQUILIBRIUM EQUIVALENT RN-222 
AND UNATTACHED P0-218 

The relationship between track density on CN film and Rn-222 
daughters concentrations in air is given by 

D = V·~ ( - +- + ( 1 ) 

where D is the track density in tracks cm-2, V is the total 
volume of the air passing through the filter in m3 , ' is the 
detection efficiency of 7.68 MeV ll-particles in tracks· cm-2 per 
disintegration, CA . CB, C-c are the activity concentrations of 
Po-218, Pb-214 and Bi-214 in Bq·rn-3 and A.A, A.B' A.c are the decay 
constants of Po-218, Pb-214 and Bi-214 in ~~ . The detection 
efficiency was evaluated to be 0.0273 by using the Monte Carlo 
calculation. 

The potential ll-energy concentration can be approximately 
expressed by the activity concentration of the Rn-222 daughters. 
Therefore, the equilibrium equivalent Rn-222 concentr·ation Xeq,Rn 
<Bq· m-3 l is given by 

D 
Xeq,Rn = 8.92 X 10-3 ( 2) 

v 

On the other hand, the relationship between track density DA 
ltracks. em -~J and unattached Po-218 concentration Cf <Bq.m-3 l is 
given by 

( 3) 

where V is the total volume of the air passing through the screen 
in nr3, Ec is the collection efficiency of the wire screen for 
collecting unattached Po-218, ~ is the fraction of ~X-particles 

emerging from the screen, ?'(A is the detection efficiency of ll
particles in tracks·cm-2per disintegration and r...A is the decay 
constant of Po-218 in ~~ . The collection efficiency ~:: and the 
fraction emerging ~::e are estimated to be 0.95 and 0.75 f~om the 
data of James et al. (41. The detection efficiency was obtained 
to be 0.052 by the Monte Carlo method. Therefore, eq. (51 can be 
written as 

f D 
CA = 0.099 ( 4) 

v 
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RESULTS 

To test the performance of the potential n-energy monitor 
through the year, the concentrations of equilibrium equivalent 
Rn-222 and unattached Po-218 have been measured from March 1985 
in laboratory air and from February 1986 in outdoor ail· at 
intervals of one week. Figure 2 shows the outdoor equilibrium 
equivalent Rn-222 concentrations and the unattached Po-218 
concentrations from May 1986 to July 1987. The weeklY mean Rn-
222 concentrations observed with an electrostatic continuous Rn-
222 monitor is also shown in Fig.2. These concentrations show 
same sca::;onal variation of a summer minimum and a winter maximtJOL 
The equilibrium equivalent Rn-222 concentrations range from 2.0 
to 5.5 Bq · m-3 in outdoor air and from 4.4 to 11.0 Bq · lil-3 in 
laboratory air. The unattached Po-218 concentrations vary from 
0.4 to 1.6 Bq·m-3 in outdoor air and from 1.5 to 4.4 Bq. rn-3 in 
laboratory air. 

11.-.--.-.--.--.-.--.--.-,--.-.--.-..-.-~ 

Fig.2 Concentrations of 
equilibrium equivalent 
Rn-222 and unattached 
Po-218 measured with 
the monitors in outdoor 
air at intervals of one 
week. 
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The equilibrium factor IFJ and the 
Po-218 lfl were calculated from the data 
Rn-222, equilibrium equivalent Rn-222 
Figure 3 shows the distributions of 
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outdoor and indoor air. Annual mean F values were 0.60 in 
outdoor air and 0.38 in indoor air. The F values are in 
agreement with the other experimental results Cll. The 
distributions of unattached fractions of Po-218 (f) are shown in 
Fig.4. Annual mean f values were 0.17 in outdoor air and 0.22 in 
indoor air. Since the aerosol concentration in laboratory air is 
smaller than that in outdoor air. the f values are compatible 
with the aerosol concentrations. 
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Fig.4 Distributions of unattached fractions of 
Po-218 in Cal outdoor Cbl indoor air. 

SUMMARY 

In the present study. a new type of integrating monitor' has 
been developed for measuring simultaneously the equilibrium 
equivalent Rn-222 concentration and the unattached Po-218 
concentration. The CN fil111 over the wire .screen distinguishes ct
particles of Po-218 from Po-214 and the CN film facing the filter 
distinguishes ~-particles of Po-214 from Po-218. The geometrical 
efficiencies of the a-particles impinging on the CN films were 
calculated by the Monte Carlo method. 

In a small survey. annual mean equilibrium factors were 0.60 
in outdoor air and 0.38 in indoor air. on the other hand, annual 
mean unattached fractions of of Po-218 were 0.17 in outdoor air 
and 0.22 in indoor air. 
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RADIOLOGICAL PROBLEMS IN PHOSPHORIC ACID PLANTS 

A. Bassignani, P. Finazzi and L. Falconieri 
AGIP S.p.A., V.le Brenta 27- Milano, Italy 

ABSTRACT 

The Uranium and Radium contents in phosphate may cause some radioprotection 

problems in phosphoric-acid production plants. In this work authors take 

into account the results of some different researches carried out in two 

Italian plants. 

The measurements carried out have considered: 

- external dose ratio 

Radon and daughters concentration in air and their contribute to internal 

dose 

- Radium and Uranium intake by inalation. 

The radiological consequences come from a significant presence of Radium 

scales in tubings and vessels which may cause controlled areas. 

In order to prevent this situation of operational disease solutions are 

analysed. 
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CONSIDERATIONS ABOUT TREATMENT AND HANDLING OF 
RADIOACTIVE SCALES FROM PETROLEUM AND FORMATION WATERS 

A. Bessignani, G. Dossena, G. Di Luise and 
P. Finazzi 

AGIP S.p.A., V.le Brenta 27- Milano, Italy 

ABSTRACT 

The phenomenon of "scale deposition" in oil well tubing may generate some 

radioprotection problems because of the presence of Uranium and Radium 

concentrations. 

In this work the authors have carried out a program of environmental radio-

active measures around oil and gas field. 

The results take into !Ccount spect~omet~ic and integ~ated dose values 

which are discussed and analysed in function of: 

- age of oil/gas well 

- geological configuration 

- type of exploitation 

In any case health physics problems exist, not relevant but significant 

with particular care in handling and treatment of piping and tubing. 

Radiological conclusions are discussed. 
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CHEMICAL AND RADIOMETRIC DETERMINATION OF URANIUM AND THORIUM 
IN ZIRCON SANDS AND PHOSPHORITES AFTER SEPARATION 

BY EXTRACTION CHROMATOGRAPHY 

C. TESTA, D. DESIDERI 
University of Urbina, Italy 

S. BAZZARRI 
ENEA, CRE Casaccia, Rome 

INTRODUCTION 

Zircon sands, essentially composed of zircon, are materials 
widely used in zirconium extraction industry, in foundry sands, 
in refractories and ceramics [l]; phosphorites are the starting 
material for the industrial production of phosphoric acid, ferti
lisers and plasters [2]. 

Zircon sands and phosphorites contain sensible concentration 
of uranium, thorium and radium representing a potential radiation 
risk for the professionally exposed staff [1, 3]. 

The measurements by gamma spectrometry give often too high 
uranium contents if compared with those obtained by other methods, 
because the members of uranium series are not always in radioacti
ve equilibrium with the parents [4]. Consequently it is useful to 
operate both by analytical and radiochemical techniques which 
permit the determination of the elementary thorium and uranium 
and also of their isotopic composition. 

The aim of the present work was to find out two different 
methods by Extraction Chromatography [5] for the separation of 
uranium, thorium and radium before their radiometric determination 
by ZnS(Ag) alpha counting (Ra-226) and by alpha spectrometry (U, Th). 

ZIRCON SANDS 

100 mg of powder were dissolved as described by Sill [6]; Zr, U 
and Th were precipitated as hydroxides adding concentrated NH 4oH up 
to pH 9. The precipitate was washed twice by centrifuging with 
diluted NH 40H and dissolved in 5 ml 6M HN0 3 ; then 10 ml water and 
solid NH 4No3 up to saturation were added. The solution was percol a
ted through a chromatographic column consisting of 5 g 50+100 mesh 
microporous polyethylene (Microthene-710) supporting 4 ml 0. 5 M 
tri-n-octylamine (TNOA). After washing with 40 rn1 10M NH4No 3 , ura
nium was eluted with 60 ml 6M HN0 3 and thorium with 60 ml 8M HCl, 
(Fig. l). From the fraction containing uranium, l ml was taken 
for the fluorimetric analysis [7], and from that containing thorium 
10 ml were withdrawn for colorimetric analysis with Arsenazo III [8]. 
The remainder of the two solutions was reserved for U and Th 
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Fig. l - Elution diagram of zirconium, uranium and thorium by a 

Microthene-TNOA chromatographic column. Flow-rate: 1 rnl·min-1. 

electrodeposition according to Talvitie [9]. 
counted by alpha spectrometry: Fig. 2 shows 
the isolated thorium and uranium. 
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Fig. 2 - Alpha spectra of thorium and uranium isolated from a zircon 
sand sample. 

Table I shows the results obtained for a zircon sand sample; 
a good agreement between the radiometric and the chemical-physical 
method can be derived. 

Moreover these values are in good accordance with those obtai
ned by other authors [10, ll] by radiometric techniques (0.023% 
for uranium and 0.017% for thorium). The alpha spectra also show 
that U-238 and U-234 are in secular equilibrium. 

The analysis of the spectra also shows a complete decontamina
tion of uranium from thorium and of thorium from uranium. 
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Sample 
number 

1 
2 
3 
4 
5 
6 

Mean±cr 

TABLE l 

Uranium and thorium contents obtained with radiometric 
and chemical-physical methods 

Th % by Th % by u % by u % by 
colorimetry a spectrometry fluorimetry a spectrometry 

0.022 0.018 0.021 0.025 
0.021 0.022 0.023 0.024 
0.016 0.016 0.023 0.025 
0.019 0.019 0.020 0.023 
0.016 0.017 0.024 0.022 
0.022 0.019 0.029 0.023 

0.019±0.003 0.018±0.002 0.023±0.003 0.024±0.001 

PHOSPHORITES AND THEIR DERIVATIVES 

100 mg 
dissolved in 
out direclty 

of phosphorite, 
6M HN03 ; some 
[7} . As for as 

plaster (Caso 4 .2H2o), or H3Po 4 were 
fluorimetric measurement were carried 
the separation of Ra-226 and uranium 

is concerned a chromatographic column was prepared consisting of 
3 g Microthene-710 supporting 2. 5 ml 0. 2M Tri-n-octyl-phosphine
oxide (TOPO). Fig. 3 shows the elution diagrams for the two radio
nuclides; radium was coprecipi tated [12] as Ba ( Ra) so4 and counted 
by a ZnS(Ag) detector up to equilibrium (20 days); uranium was 
electroplated [9] and counted by alpha spectrometry. 
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Fig. 3 - Separation Ra -uo2 in a phosphorite by a Microthene-TOPO 

column. 



The uranium concentrations found in four different phosphorites 
(Morocco, Togo, Giordania, Boucraa) was respectively 0.010, 0.009, 
0.006 and 0.009%; in 30% H3Po 4 (Boucraa) the concentration was 
found to be 0.0045%. 

The uranium concentration found by alpha spectrometry (Fig. 4) 
and calculated by adding a known activity of U-232 as on yield 
internal standard, was in good agreement with the fluorimetric 
results. Also in this case the uranium isotopes were found to be 
in a secular radioactive equilibrium. 

Radium-226 concentration were found 
te Morocco ( o = 0. 23), 0. 69 KBq/Kg for 
0. 3 5 KBq/Kg for plaster Boucraa ( o = 
was not detectable. 

1.22 KBq/Kg for phosphori
plaster Togo (o= 0.03) and 

0, 06); Radium-226 in H3Po4 

U-232 
(5,32) 

Fig. 4 - Alpha spectrum ura~ium isolated from a phosphorite sample. 
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A COMPARISON OF RADON EMANATION RATES FROM FLY ASH 
AND FROM CONCRETE MADE WITH FLY ASH 

Paul L. Ziemer, Terence P. Barton and Jou-Guang Hwang 
School of Health Sciences, Purdue University 

West Lafayette, IN 47907, USA 

ABSTRACT 

Although radium in the earth is often the primary source 
term for radon entering dwellings, building materials may also 
contribute significantly to indoor radon levels in certain cases. 
Fly ash, a byproduct of coal combustion, has been used for man~. 
years as a pozzolanic admixture in the production of cement in 
many countries. Because fly ash has been shown to have radium 
concentration in the range of 10 pCi/g (0.37 Bq/g) in some cases, 
the extent to which radon can emanate from fly ash and from prod
ucts prepared wi t•h such ash is of interest. 

This study was designed to determine radon emanation coeffi
cients for fly ash as a function of particle size and moisture 
content, and to determine radon exhalation (radon released per 
unit surface area) for concrete prepared from fly aah or known 
particle sizes and radium content. Radon emanation measurements 
were made for fly ash and concrete samples by means of specially 
designed emanation chambers. The radon exhaled by the samples 
was sampled at appropriate time intervals by a standard scintil
lation cell technique. 

For dry. fly ash, emanation coefficien!s were found to vary 
with particle size, ranging from 9.6 x 10- for large particle 
sizes (421-891 m~) to 3 x 10-j for small particle sizes (less 
than 75 m~). For ash with 20~ mois~ure content the emanation 
coefficients varied from 2.0 x 10- for large particles to 1.6 x 
10- for small particles. However, when such fly ash was incor
porated into concrete, the particle size dependence of the emana
tion could no longer be observed. For concrete prepared with fly 
ash, only the total radium content effected the radon exhalation. 
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RADIOACTIVE SCALE IN OFF-SHORE OIL INSTALLATIONS 

DR. BRIAN HEATON 

UNIVERSITY OF ABERDEEN, SCOTLAND. 

INTRODUCTION 

The deposition of naturally occurring radionuclides from the 
Uranium-238 and Thorium-232 series onto pipes and valves in oil
wells has been known about for many years. (Campbell, 1953; Gott 
& Hill, 1953). The only problems it was considered to pose were 
those associated with Lhe Jlfflculties it introduced into well 
logging operations, making any logs using nuclear tools impossible. 
(One type of log uses a Caesium-137 and an American-241/Beryllium 
source to evaluate the oil bearing formation) . The potential 
health risks of the deposits to anyone working on contaminated 
downwell pipes (tubulars) , or process line valves, pumps and 
vessels were ignored or not considered. Despite this historical 
background it came as a surprise to UK North Sea Oil producers to 
find that they had deposits of radioactive material on board their 
oil producing platforms. They did, however, realize the health 
hazard associated with these deposits on account of the legislation 
associated with the other off-shore uses of ionising radiations and 
the control of the hazard now costs the oil industry several millions 
of pounds each year. 

SCALE PRODUCTION 

Experience has shown that the problem is generally, but not 
always, associated with injected water breakthrough into the oil 
production zone. Seawater injection, a secondary production 
mechanism, is used to maintain downhole pressure and was not inten
sively used until North Sea oil development. Hence, the problem is 
more widespread in North Seal oil production than it has been else
where. The Jurassic sandstones which are the host to many North 
Sea reservoirs typically have low (1-5ppm) U-238 and/or Th-232, but 
the oil formations are capped with 'hot' black Kimmeridgian shales. 
However, formation water (oil-associated water) is the carrier of 
the radioactivity and this is rarely associated with these active 
shales. Analysis shows that Radium-226 and Radium-228 and their 
daughters are responsible for this activity and are essentially 
unsupported by their U and Th parents. Theories as to these Ra 
anomalies centre on alpha particle recoil reactions, either directly 
ejecting Ra into solution or making the decay site more susceptible 
to leaching; and the continual process of silica dissolution 
(Kraemer and Reid, 1984). 

The formation waters also contain many other cations and anions 
the one of particular importance being the barium ion. When the 
injection water breaks through and is mixed with the formation 
water then the cation/anion ratios are drastically changed. Sea 
water is high in sulphate, and barium sulphate is sparingly soluble, 
mixing results in precipitation. Turbulent mixing is expected once 
it enters the perforated tubulars and beyond. As the barium sulphate 
precipitates it co-precipitates radium sulphate. The barium sulphate 
generally forms a hard scale on metal surfaces which can be extremely 
difficult to remove. The activity of the scale is normally in the 
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region of 37 Bq/g or less but may rise as high as 3.7 kBq/g. 
Injection water need not always be present for active deposits 
to occur. On at least one platform without water injection, 
drawing oil from two different oil from two different oilfields, 
quite active deposits have been found associated with rust sites. 
In other areas active silt deposits are found. 

SITES OF SCALE BUILD UP 

The scale is first deposited on the tubulars in the perfor
ated zone and can then be found anywhere from there through the 
oil/water sPparation vessels and through the produced water dis
charge system. The actual sites vary from platform to platform 
with active areas being separated, for no immediately obvious 
reason, by lengths of clean plant. It does tend to always be 
present in separation vesse~and is associated with areas of tur
bulence such as just beyond a bend in a pipe. The problem is not 
limited to the off-shore oil production platforms and radioactive 
deposits have been found, albeit at much lower levels, in the on
shore oil receiving facilities. 

HANDLING PROCEDURES 

The hazard from the scale is essentially one following inges
tion, particularly by inhalation of scale particles. The external 
hazard is small, the dose rates from scaled materials rarely rising 
above 7.5 ~Sv/h, although this can be exceeded inside a separator 
or if tubulars are piled up together. Most of the protection thus 
relies on wearing suitable protective clothing, including masks, 
stopping the scale from drying out to perhaps produce a dust, and 
cleaning up after any operation where scale was present. The 
introduction of protective clothing was not as difficult as anti
cipated. The drilling crews did not feel their macho image 
suffered by having to wear it when pulling tubulars from down a 
well . (Scale has been found in both oil production and water 
injection wells). It is suspected they were secretly glad to have 
to wear extra protective clothing as the brine used to hold the 
well during these operations is corrosive and traditionally pro
duced "brine burns". Although wet when pulled the tubulars 
rapidly dry out and are immediately end capped to keep any scale 
inside. During these operations contamination monitors have to 
be used to identify active tubulars. On off-shore platforms in 
general but on the drilling floor in particular, contamination 
monitors have a short half life. Problems can be experienced when 
tubulars are externally scaled as they then have to be wrapped in 
polythene. Even when wrapped it can be difficult to ensure they 
are subsequently lifted in a completion skip not using the normal 
wire slings. The latter are remarkably efficient at stripping off 
polythene. The cleaning out of large vessels is relatively easy 
to control as the much more severe hydro carbon hazard automatic
ally controls the scale hazard. (Contamination measurements can be 
difficult as intrinsically safe contamination monitors are not 
available) . Care must be taken that the material taken from 
these vessels is not spread about the platform and controlled areas 
with shower facilities have to be established. Because of the ex
posed nature of the environment this often entails erecting 
plastic screens. The disposal of this material is directly into 
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the sea subject to a maximum particle size of l mm. This involves 
using grinding equipment and discharge pipes below sea level. 
Records of quantities and activities must also be kept. During 
the discharge the platform water makers are generally switched off 
although it is debatable how necessary this is. Any debris left 
after pulling tubulars or cleaning a vessel is generally sluiced 
into the platform drains. These must be kept clear (difficult on 
most platforms) and monitored for a build up of debris. More 
problematic tends to be the unexpected repairs on pipe work or 
valves that have to be carried out. Ensuring that these operations 
are always monitored is difficult. They can often involve grinding 
before repair welding takes pl~cP ~hus producing a very fine scale 
dust which can be ingested if masks are not worn. 

The equipment sent to the shore can at the moment only be 
cleaned at one centre in Aberdeen. Here the scale is water jetted 
off, ground down to a particle size of 0.2 mm and discharged into 
Aberdeen Bay. Surveys of the bay using grab samples are undertaken 
several times a year and all samples have proved negative. The 
cleaning is expensive and has to be carried out on all scaled items, 
even those going for scrap, as well as those being refurbished to 
be used again. Most operators are now spending several hundreds 
of thousands of pounds a year cleaning items with a very low scrap 
value. Alternative operations which propose to send the waste to a 
land fill site are currently being assessed. It is thought these 
will be cheaper. 

FUTURE DEVELOPMENTS 

Chemical scale inhibitors are now being injected into most 
wells and better inhibition is likely to be developed. These in
hibit the scale formation but there is some evidence which suggests 
that occasionally almost pure radium sulphate will plate out when 
they are being used. This is not visually obvious and can be very 
tenacious and very active. Downwell scale dissolvers have been 
tried without much success. An immense effort is being put into 
obtaining a suitable dissolver but although many work well in the 
laboratory, in a well under high pressure and temperature they are 
nowhere nearly as successful. 

Basic research into the problem is difficult. Obtaining truly 
representative samples of formation water from several thousands 
of feet under the ground is fraught with problems and much time 
can be wasted working at them. Likewise oil companies can be very 
reluctant to release core samples from known wells making constructive 
analysis difficult. Work in Aberdeen has centred upon defining more 
accurately the exact mode of formation of radium anomalies in the 
formation waters, i.e. the responsible minerals and the relevant 
contribution of alpha recoil and silicate dissolution. Also the 
role of the brine chemistry is being investigated. 
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Sene Radioecological Aspects fran Cbal Power Plants 

Const. Papastefanou, Met .Mamlopoulou ana Stef. Charalambous 

Aristotle University of 'lhessaloniki 

Nuclear Physics Depart:nent 

'Ihessaloniki 540 06 Greece 

Many types of lignite burned in Coal Power Plants (CPP) in seve
ral countries of Europe as also in USA contain radioactive nuclides, 
particularly of the uranium series. An enrichment of these nuclides is 
observed in produced fly ash by the loss of carbon during the combustion 
process. A large part of the above nuclides escapes from the stack of 
CPPs and discharges into the atmosphere as gases (vapor phase} or fine 
particles. Tracers of radium-226 as well as uranium-238 has been deter
mined in soils,rainwaters and snow of CPP regions sometimes a little 
higher than normal levels. The Valley Model of atmospheric dispersion 
was applied to simulate our experimental results. 

The contamination of soil in CPP region in which the refining of 
radium and uranium has been carried out for about 30 years of CPP acti
vity has raised the question of the maximum permissible concentration 
of radium in soil on its uptake by cerials, vegetables, potatoes, sugar 
beets and various fruits. 
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OBSERVATION OF THE DIURNAL VARIATION OF THE SHORT-LIVED 2 2 2Rn 
DAUGHTERS CONCENTRATIONS IN THE ATMOSPHERE BY a-RAY SPECTROMETRY 

Toshio Kataoka, Eiji Yunoki, Kenshuh Michihiro, Hirokazu Sugiyama, 
Kazuyoshi Matsunaga, Hirokazu Tanimoto and Tatsuo Ishida 

Institute of Environment and Public Health of Okayama Prefecture 

I. INTRODUCTION 

Methods have developed for measuring the air concentrations 
of the short-ll.ved 222B.n daughters using a surface-Larrier 
detector in uranium mine and house.l-2) It is difficult for these 
methods to measure their diurnal variation in the open air because 
of their lower limit of detection. Kojima and Abe3J developed a 
monitor for measuring individual concentrations of the short-lived 
222Rn daughters in outdoor air using ZnS(Ag) scintillation 
detector. The count of a-rays obtained using this method involves 
that from the 220Rn daughters. When the short-lived 222Rn 
daughters concentrations are low, this increases their errors. 

On the other hand, 222Rn and its short-lived daughters have 
been used for studying large scale transport of air mass and 
vertical diffusivity in the lower atmosphere. The correlations 
between the concentrations of 222Rn and/or its short-lived 
daughters and individual meteorological elements were given earlier 
by Ikebe4) and Shimo.5) However, there are very few works on the 
correlations between the short-lived 222Rn daughters concentrations 
and some meteorological elements that are simultaneously observed. 

In this paper, we describe the simultaneous observations of 
the short-lived 222Rn daughters concentrations in the outdoor air 
by a-spectrometry and some meteorological elements at two sites, 
Okayama-shi (34° 35' N, 133° 521 E) and Kamisaibara-mura (35° 18' N, 
133"35' E) in Japan. Furthermore, the correlation between the 
short-lived 222Rn daughters concentrations and each meteorological 
element is discussed. 

II. MEASUREMENTS 

Air was drown through a 2"-diameter millipore filter (type 
HA) at the rate of 4.0xlo-4 m3·s-l by low volume air sampler 
(Staplex, type LV-1) at 1.5 m elevation above the air-ground 
interface. The short-lived 222Rn daughters were sampled on this 
filter for about 1 h. About 5 min after sampling, they were 
counted with a 19.6-mm-diameter surface-barrier detector and multi
channel analyzer. The counting time was 2,000 s. Many reserchers 
have reported on the departure from radioactive equilibrium among 
the short-lived 222Rn daughters in the outdoor air. It is 
desirable that the diurnal variation of their activity ratios are 
measured with that of their concentrations. However, it is 
difficult to measure the diurnal variations of their activity 
ratios, since their concentrations in the outdoor air vary to low 
level (under 0.37 Bq·m-3). It is assumed, therefore, that their 
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activities are in the ratios 1:1:1 in calculating their 
concentrations. The relation between the short-lived 222Rn 
daughters concentrations, A4, and the net peak area count of 7.69 
MeV 214po a-rays, C4, is represented by 

where c is the detection efficiency for the a-ray, ~ is the 
emerging efficiency, n is the collection efficiency, q is the flow 
rate of air passing through the filter (m3·s-l), \1, \ 2 , \3 and 

\ 4 are the respective decay constants of 218po, 214pb, 214Bi and 
214 Po (s-1 ), R1 , R2 and R3 are the respective ratios of the 214pb, 

214Bi and 214po activities to the 21 8Po activity, Tc is the 
collecting time (s), T1 is the time interval from the end of the 
sampling to the start of the measurement (s) and T2 is the time 
interval from the end of the sampling to the end of the 
measurement (s). 

The meteorological elements such as flux of solar radiation, 
wind velocity and temperature were simultaneously observed. The 
flux of solar radiation was 1-h-average. The wind velocity was 
10-min-average. The temperature was momentary value. The flux 
of solar radiation and the temperature at Kamisaibara-mura were 
observed about 2 km west from the measuring point at the same 
elevation above sea level. 

III. RESULTS AND DISCUSSION 

Okayama-shi is near the coast of Setonaikai and about l m 
above sea level. Kamisaibara-mura is located inland about 81 km 
north from Okayama-shi and is about 710 m above sea level. From 
1985 to 1986, three runs of the observations of the diurnal 
variations of the short-lived 222Rn daughters concentrations were 
made at Okayama-shi and Kamisaibara-mura~ respectively. The results 
are shown in Fig. l. The short-lived 22LRn daughters concentrations 
range from 0.3 to 6.3 Bq·m-3 at Okayama-shi and from 0.4 to 5.7 
Bq·m-3 at Kamisaibara-mura during the observations. Except one run 
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they are low in the daytime and high in the nighttime. These 
values and patterns observed elsewhere on land for 222Rn and/or 
its short-lived daughters.S) 

From July 7 to 8 in 1986 at Kamisaibara-mura, a distinct 
diurnal variation of the short-lived 222Rn daughters concentrations 
was not observed. The total flux of solar radiation is less than 
those of the other five runs. The wind velocities in the daytime 
are lower than those of the other five runs. These are thought 
to be the main cause that the concentrations did not vary so much 
during this run. 

The inverse correlation between the short-lived 222Rn 
daughters and the air temperature are obtained at both sites 
excepting one run where there is not very much change in the 
lived 222Rn daughters concentrations. Their patterns differ 
one another. 

short
from 

The inverse correlation between the wind velocity and the 
short-lived 222Rn daughters concentrations is found in each run at 
Okayama-shi. The inverse correlation is not foune at Kamisaibara
mura, since the wind velocities are low. 

IV. CONCLUSIONS 

The method developed in this paper make it possible to 
measure the diurnal variation of the short-lived 222Rn daughters 
concentrations in the outdoor air using a surface-barrier detector. 
Their level and variation pattern are independent of the height 
of the ground above sea level. Furthermore, the concentrations of 
the short-lived 222Rn daughters are correlated with the wind 
velocity and the diurnal temperature difference. 
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THE VERTICAL DISTRIBUTION OF RADON 222 IN THE ATMOSPHERE 

Tadayoshi Kubozoe, Yoshihisa Watanabe, Katsumi Nakamura 

Masua Kabeyama and Yuzi Aihara 

Department of Mathematics and Physics, The National Defense Academy 

10-20 Hashirimizu l chome, Yokosuka, Japan 

INTRODUCTION 

Atmospheric vertical diffusion is important for studying the 

vertical transport of heat, momentum, moisture and air pollutants. 

Radon-222(Rn) and its daughters have been frequently used 

as tracers for studying the atmospheric transport phenomenon 

because Rn is radioactive noble gas. 

The present paper describes the vertical distribution of Rn 

in the atmosphere over the Japan Islands and its surrounding sea. 

In order to study the vertical distribution of Rn, atmospheric 

samples are collected in the bags aboard an aircraft(helicopter 

V-107) in flights at different altitudes as high as 3000 m above 

the sea level, and later Rn concentration in the collected 

samples is measured in the laboratory. 

SAMPLING AND LOCALITIES 

Sampling Localities 

The sampling localities are shown in Fig. l. The sampling 

has been performed at seven different altitudes of 200 m, 500 m, 

1000 m, 1500 m, 2000 m, 2500 m and 3000 m above the sea level. 

The sampling flights are classified into two groups; one 

is circular flight over the sampling point and the other is 

straight flight around the sampling point, In Fig. 1, the former 

is shown by the circle and the latter is shown by the arrow, 

respectively. 

Sampling Method 

Atmospheric samples have been collected in 33-~m saran film 

bags of 75 em diameter by using the blower of 8 m3 air per min. 

The amount of the sample is about 1.5 m3 • Permeability of Rn 

from the saran film is experimentally tested by the following 

method. The atmospheric sample of about 4 m3 at the ground level 

was collected in the saran film bag and the decay of Rn concentra-
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tion in this bag was measured. The results obtained are shown 

in Fig. 2. In this figure, the measured points are shown by the 

circle and the solid line indicates values calculated by the Rn 

half life of 3.82 day. From this figure, it can be seen that 

the measured points are in good agreement with the calculated 

values. Because it takes about 4 days to measure the Rn 

concentration in the atmospheric samples at seven different 

altitudes above the land and the sea, it can be said that the 

permeability of Rn from the saran film is neglected. 

MEASUREMENTS 

Radon-222 gas in the sample air is adsorbed on the 5 gram 

activated charcoal in U-shape glass tubes which are cooled by 

acetone and dry ice. The flowing rate of the sample air is 4 liter 

per min. The adsorbed Rn is transfered to an ionization chamber 

by heating the charcoal trap up to 400°C and the pressure in the 

chamber is made to 1 atm by adding nitrogen gas. The volume of 

the chamber is 1.5 liter and 3 liter and the applied voltage is 

500 volt. 

RESULTS 

The results for measurements of Rn concentration are classified 

into two groups; one is maritime atmospheric sample and the 

other is land atmospheric sample. The former is shown in Fig. 3 

and the latter is shown in Fig. 4. 

In maritime atmospheric samples, except two samples of Jan. 

27, 1987 Sagami bay and June 30, 1987 Kashimanada, Rn concentration 

decreases with increasing altitude and the value of Rn concentration 

at 3000 m is around 10 pCi/m3 or below. On the contrary, in land 

atmospheric samples, Rn concentration seems not to decrease above 

1000 m and the value of Rn concentration seems to become around 

20 pCi/m3 . 

From these measurements, some difference in the vertical 

profile of Rn is found between maritime and land atmosphere, but 

the seasonal variation in the vertical profile is not obvious. 

The cause of high Rn concentration in maritime samples of 

Jan. 27, 1987 Sagami bay and June 30, 1987 Kashimanada is now 

under consideration. 
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COMPARISON OF ATMOSPHERIC RADON DAUGHTERS CONTENT 
OBSERVED AT MOUNTAIN PEAK WITH NEARBY PLAIN 

T. Nishikawa, S. Okabe and M. Aoki 
Faculty of Engineering, Fukui University, Fukui 910, Japan 

INTRODUCTION 

It is well known that the atmospheric radon daughters content 
at a plain shows the diurnal variation whose high values appear in 
the night and luw vctlues in the afternoon (1-3). These high values 
are said to be caused by the inversion of the vertical atmospheric 
temperature gradient. 

The variations of the atmospheric radon daughters content at 
some height have not been studied. Only a small number of data on 
the instantaneous content observed with an airplane were reported. 
Much information is necessary about the differences of the 
atmospheric radon daughters content at several nearby points where 
geographical and meteorological conditions are different. 

Continuous measurements of the atmospheric radon daughters 
content were carried out at an isolated mountain peak to study its 
variation at high altitude. Simultaneous measurements were carried 
out at the center of a nearby plain and a seacoast in order to 
compare the diurnal variations of the content under different 
geographical and meteorological conditions. When the top of the 
mountain was covered with rainy cloud, the radon daughters contents 
in precipitation were also observed there. These data will 
contribute to some extent to the rainout and washout model of the 
radon daughters content in precipitation. 

EXPERIMENTAL 

The observation at the center of a plain was carried out at 
Fukui located 20 km interior from the coast of the Sea of Japan in 
the Central Japan. The observatory Mikuni located at a seacoast 
was 22 km distant to the north-northwest from Fukui. The 
observatory at a mountain peak, which was placed on the Kunimi-Dake 
mountain of 656 m height, was 11 km distant to the west from Fukui. 
This mountain stands alone near the Sea of Japan. 

The atmospheric radon daughters contents at these three 
observatories were measured by using the instruments equipped with 
an aerosol filtration and a ZnS(Ag) scintillation counting system. 
During the filtration at Kunimi-Dake, filter-papers were exposed to 
the open air directly in order to catch the cloud droplets 
simultaneously with the atmospheric radon daughters, without any 
absorption by the inlet pipe wall. 

The radon daughters contents in the precipitation were 
measured with a well-type Nai(Tl) scintillation counter. The 
details of the measuring methods were described in the previous 
papers (4,5). 
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RESULTS AND DISCUSSION 

Figure 1 shows an example of the time variations of the 
atmospheric radon daughters contents observed at Fukui, Mikuni and 
Kunimi-Dake at the same time. The atmospheric radon daughters 
content at Fukui showed the typical diurnal variations in the calm 
days as mentioned before. The time variations of their content at 
Mikuni were fairly similar to that at Fukui. Sometimes, the 
contents at Mikuni and Fukui were slightly different, but generally 
both values and variations were the same. On the other hand, the 
atmospheric radon daughters content at Kunimi-Dake showed no 
diurnal variation as observed at Fukui and Mikuni. In the calm 
days, it showed sometimes the time variation whose low values 
appear in the night and high values in the daytime. These are the 
remarkable phenomena observed at the mountain peak. 

From our observation of the inversion layers at Fukui using 
the sodar, an instrument to measure the height of the atmospheric 
inversion layers of the temperature with pulsed sound echoes, their 
heights were ordinarily 200-300 m above the ground surface. 
Kunimi-Dake is higher than these heights, and, from the top of 
Kunimi-Dake in the calm night, the inversion fog were often 
observed below the top and spreading over the nearby plain and 
valley. When the sun rising, the inversion layer vanishes 
gradually and the radon daughters accumulated under the layer 
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Fig.1 Time variations of the atmospheric radon daughters 
content observed at a mountain peak (Kunimi-Dake of 
656 m height) , a seacoast (Mikuni) and a center of 
nearby plain (Fukui). 
(September 9-13, 1986) 
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diffuse into the upper layer. Then, when the wind blows from the 
nearby plain to Kunimi-Dake, somewhat high contents of the 
atmospheric radon daughters were observed there occasionally. 

There were some cases that similar sudden decreases of the 
atmospheric radon daughters content were observed almost 
simultaneously at the three observatories as indicated by the 
arrows in Fig. 1. In this case, the changes of the temperature and 
the wind direction suggest that the cool air mass from the Sea of 
Japan moved into the area. It is concluded that such large scale 
meteorological phenomena as the passage of the boundary of the air 
masses of diiierenL qualities can vary the ~tmospheric radon 
daughters contents all over the area even if there are some 
differences of the geographical conditions. 

It is said that, generally, the air mass movement and the 
passage of the air mass boundary were uncertain from a weather map. 
The atmospheric radon daughters contents are more reliable than the 
many kinds of the meteorological data for the indication of the 
passage of the air mass boundary. 

Figure 2 shows an example of the time variation of the radon 
daughters content in precipitation at Kunimi-Dake. In this figure, 
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the precipitation rate and the content in atmosphere there are also 
shown for comparison. At present, no clear correlation was found 
between the atmospheric radon daughters content in the cloud and 
the radon daughters content in precipitation observed at 
Kunimi-Dake. From our data, it seems that the variations of the 
quantities are dependent on the characters of individual air masses. 
As shown by the arrows in Fig. 2, when the precipitation rate was 
high, the atmospheric radon daughters content was low. This 
phenomenon is considered as the result of the scavenging effect of 
heavy rain. 
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THE SIZE DISTRIBUTION OF RADON DAUGHTER AEROSOL PARTICLES IN INDOOR 
AND OUTDOOR AIR AND THEIR DEPOSITION TO RESPIRATORY TRACT 

M. Shima, K. Sugiyama and Y. lkebe 
Nuclear Engineering, Faculty of Engineering, 

Nagoya University, Nagoya, Japan 

I NTRO!HJCT I ON 

Since the effective dose equivalent due to radon daughter prod
ucts has estimated to be more than 30 percent of total one exposed to 
natural and artificial radiation in the UNSCEAR 1982 Report, the human 
lung dose to radon daughter products has attached special interest. 
For precisely estimating the lung dose, the size-distribution is 
needed betause it gives precisely evaluation of the amount of radon 
daughter products deposited to the respiratory tract. It is therefore 
important to obtain the knowledge of many particle size-distributions 
of radon daughter products in various indoor and outdoor airs. In 
this work, measurement of the size-distribution of radon daughter 
products in indoor and outdoor air was carried out and the deposition 
of those to respiratory tract was calculated. 

MEASURING METHOD 

The diffusion battery method was used in sampling; The sampling 
device separates into two parts, a screen-type diffusion battery SOB 
and a filter holder. When the sampling air passes through the SDB. a 
part of radon daughter products in the air is settled on the surface 
of wire-screen and remains is sampled on a backup membrane filter. 
Alpha particles emitted from the surface of backup filter were counted 
with a ZnA(Ag) sintillation counter. 

The SOB is constracted with a cy I i nd rica I tube and many pi eses of 
wire-screen(l65 mesh), which was made of stainless steel and mounted 
on a brass ring of 40 mm inner diameter and 3 mm thickness, one by one. 
Utmost 43 pieces of wire-screen ring can be put into the battery tube. 
In measurement, the five SOBs, in which adequate pieces of the wire
screen ring n is respectively set, were simultaneously used with the 
flow rate of 4 1/min (measured value was to be Ai). Another one in 
which is set a piece of wire-screen ring for settling unattached frac
tion, is prepared at this time (measured value; Ao). Measurement was 
carried out two times for obtaining a penetration curve (relation 

889 



~/ 

c 
0 

~ 
.!: o.s 
<lJ 
c 
<lJ 
0.. 

10 

Number of screen 

rig.1. Schematic diagram of the 

experimental apparatus. SDB; 

Screen-type diffusion battery, 

r; Filter holder, AP; Air pump. 

Fig.2. An example of the 

penetration curve. 

between n and Ai/Ao, i=l ...... 10) (see Figs. 1 and 2). 

One series of measurement is planned as follows; Total measuring 

time (i.e. sum of sampling and counting times) for obtaining ten meas-

urements is 2 hours; The first sampling time is 40 min, the waiting 

time from end of sampling to start of counting is 3 min, and the count-

ing time 30 min. The second sampling is started under the same meas-

urement condition of the first sampling within 10 min of the end of 

first samp 1 i ng. 

A computor program with the iterative method was applied to cal

culating the size-distribution from the penetratrion curve. 

MEASUREMENTS 

~-e-~_~ure_d__sj_t.f_~ Measurements were performed in a dwelling which 

is a tip i ca 1 Japanese house, in two rooms in a bu i 1 ding of Nagoya 

University and in outdoor air on the campus. One of the rooms was a 

meeting room and the other was a laboratory room. 

_El<_a_m_pj_e_Q_f__l)leas_yJeme 11 t Some exam p 1 es of measurement are shown 

in Fig.3. These example are not always representative of the size-

distribution of radon daughter products in each measured site and time 

but also rare one. We could rather think that similar results are 

often taken in various sites and time. 
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Fig.3. Examples of the size-distribution of radon daughter products. 

DEPOSITION OF RADIOACTIVE PARTICLES TO RESPIRATORY TRACT 

The radioactive aerosol particles are classified into t~o groups; 
One is the unattached atom (atomic size order) and the other is the 
attached atom in the range of 0.02 - 0.2fl m radius. 

In the calculation of deposition for radioactive aerosol particle 
to the respiratory tract, the Gormley and Kennedy formula ~as applied 
to the unattached atom. On the other hand, for the attached particle, 
the deposition ~hich ~as calculated by Takahashi and Ka~amura for mono
disperse aerosol particles, by using a Yeh and Schum lung model modi
fied, ~as used together ~ith the observed size-distribution data. The 
parameters considered in the calculation ~ere the tidal volume (1,000 
and 1,500 em'), the rate of respiratory (7.5 and 15 min- 1

), and the 
unattached fraction (0.1, 0.2 and 0.4) taking into account the human 
I ife-sti le. 

An example of deposition calculated on the left and right lobes 
is sho~n in Fig.4. The results are as follo~s; (1) Unattached atoms 
deposit entirely in the upper respiratory tract (before generation 17) 
and almost 80% of attached atoms is expired and remains deposits main
ly in the lo~er respiratory tract. (2) Deposition is more in lo~er 

lobe than upper lobe. (3) Difference of deposition among the obtained 
size-distribution is relatively small. 

CONCLUSION 

The present ~ork is summer! ized as follo~s: (1) The suitablly
measuring condition of the screen-type diffusion battery for obtaining 
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Fig.4. An example of deposition of radioactive aerosol 
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the radioactive aerosol size-distribution were decided. (2)The meas
urements of the size-distribution of radon daughter products were 
carried out in outdoor and several indoor air; The aerosol particles 
were dispersed with log-normal mode and/or bi-modal distribution, and 
their radii were mainly in the range of 0.1 -0.211m. (3) The deposi
tion of radon daughter aerosol particles to the human respiratory 
tract was estimated to be 100% for unattached atom and about 20% for 
attached atom. 
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DOSE ASSESSMENT OF MAINTENANCE WORKERS AND SIGNIFICANCE 
OF RADIUM-IMPREGNATED USED FILTERS IN THE PHOSPHATE 

FERTILIZER INDUSTRY 

John M. Wetherill 
Radiation Health Branch 

Alberta Community and Occupational Health 
10709 Jasper Avenue, Edmonton, Alberta TSJ 3N3, Canada 

ABSTRACT 

Phosphate rock from Florida or the western United States is used for 
making fertilizer in three large plants in Alberta, Canada. With a 
uranium content of about 150 ppm the raw material presents some 
radiological problems in its processing, especially with the build-up 
of radium in filtration units and in the gypsum waste. 

As part of a continuing investigation into the occupational hazards 
associated with the process surveys were conducted in the vicinity of 
the filtration units of the plants to assess the external doses 
received by maintenance workers when changing filters. The method 
involved shadowing the workers and measuring background exposure 
rates using a sensitive environmental monitor. The study showed.that 
personnel were exposed to annual dose equivalent of from 0.2 to 
0.5 mSv (20 to 50 mrem), the range relating to frequency of filter 
cloth change and how many shifts each change took. The results did 
not indicate the need for concern, although verification of the doses, 
by limited use of TLDs was recommended. 

During use the filter cloths are impregnated with radium and part of 
the investigation focused on assessing the concentration. The results 
from all three plants showed close correlation, with specific 
activities ranging from 420-1220 Bq/g (11,400-33,000 pCi/g). 

It was recommended that all used filters be handled with caution, and 
only in the damp state, and that they be disposed of within the 
gypsum tailings retention ponds on site, rather than in domestic 
landfill sites. 
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NEUTRALIZATION, CLUSTERING AND ATTACHMENT OF RADON PROGENY IN AIR 

Colin R. Phillips 
Department of Chemical Engineering and Applied Chemistry 

University of Toronto, Toronto, Ontario M5S 1A4 

INTRODUCTION 

The decay products of radon (222Rn) are formed in a unique 
process in which nn inert gas becomes a positive ion of a metal, 
namely 21Bpo. The diffusivity and electrical mobility of the 
progeny are important physical properties, and are obviously 
determined by the size and charge of the species in question. 
Until fairly recently (1), it was assumed that the diffusivity of 
radon progeny had a unique value. Simple evidence (1) that this 
is not so was the dependence of the penetration fraction of 
freshly formed 21Bpo (less than 30 sold) on the ratio of the 
diffusion battery length, t, to the volumetric flow rate, Q, for 
separate measurements under different relative humidity con
ditions. There was clearly an effect of humidity, although the 
measurements were made on different days and therefore with dif
ferent concentrations of air pollution trace gases. Of great 
significance is the fact that the lines were curved, not straight 
as predicted by the penetration equation for diffusion batteries. 
Apparently the penetration factor is greater than predicted at 
large t/Q; with increasing residence time of this very young 
21Bpo in the tube, the diffusivity decreases. The interpretation 
placed on this observation is that the effective mass of the 
freshly-formed 21Bpo is changing during the measurement process. 
These effects required analysis of what processes may affect the 
newly-formed 21Bpo positive ion. 

Positive ions formed on decay of radon gas are potentially 
subject to a number of effects, specifically, neutralization, 
chemical reaction (in particular, oxidation), and attachment to 
aerosol particles. Neutralization may occur by one of two pro
cesses, combination with negative small ions, or stripping of 
electrons from atoms or molecules of lower ionization potential. 
The ionization potentials of Po and Po0 2 are ~10-10.3 eV so that 
certain cyclic or aromatic hydrocarbons (e.g. butyl benzene, 8.68 
eV; naphthalene, 8.12 eV), NO (9.25 eV), and N0 2 (9.79 eV) have 
sufficiently low ionization potentials to serve as electron 
donors. Polluted air might be expected to be rich in electron 
donors for neutralization of 218po. The physical and chemical 
properties of 2 L8po after formation are examined here in light of 
various experimental evidence. 

l\1ECHANISMS OF NEUTRALIZATION 

An early test for the mechanism of neutralization was to 
determine the relative electrostatic collection efficiency of 
?IHpo in gases of different ionization potential. The result 
(Fig. 1) shows that environmental gases appear to act as electron 
donors in accordance with their ionization potential (1). At 
relative humidities (R.H.) greater than about 15%, it appeared 
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that the mechanism of neutralization might be due to combination 
with negative ions produced by the presence of radon (2). More 
sophisticated work on the effects of radon concentration and 
relative humidity on the neutralization rate constant of 2 1 flpo 
lead to results such as shown in Fig. 2 (3). A theoretical model 
developed earlier (2) predicted K to depend on the 0.5 power of 
the radon concentration.b The exponent found here (3) was b = 0.6 
in the equation K = aC . The value of a increased with R.H. 
Another measure of neu~Palization is the fraction, f, of ·~ 18po 
having a positive charge at the end of the recoil path. Figure 3 
(4) shows that f decreases with radon concentration according to 
the relationship f = a'exp(b'CRn). 

DIFFUSIVITY, MOBILITY AND NEUTRALIZATION CONSTANT 

An experimental procedure was devised in which radon gas was 
introduced into a closed region between two parallel plates into 
one of which was embedded an alpha spectrometer solid state 
detector (2). The plate containing the detector could be held at 
either positive, negative or zero potential relative to the other 
plate. Under such circumstances, the count rate at the detector 
is the flux. When the detector is at zero potential, the flux is 
due to diffusion only~ when the detector is at negative poten
tial, the flux is due to diffusion and electrostatic attraction. 
Finally, when the detector is at positive potential, the flux is 
due to diffusion only, but the process of neutralization must 
also be considered, that is, the governing partial differential 
equation, equation (l), includes the term inK: 

acA+ 
at ( 1 ) 

where D = diffusivity~ B = mobility~ E = electric field strength~ 
K = first order neutralization rate constant~ \ = decay ~onstant~ 
t,x =time, x coordinate respectively~ A+, A, Rn = 218po , 218po 
and radon respectively. 

Early experiments in which the data were fitted to the above 
equation (with appropriate boundary conditions) showed that the 
fraction born charged decreased with relative humidity (2). More 
recent work using refined experimental procedures including a 
pulse time of flight method (4) examined the effect of trace 
N0 2 on the neutralization rate constant (Fig. 4) (4). At a 
N0 2 concentration of 4.5 ppm in argon, K was found to be nearly 
independent of CR , suqgesting that charge transfer from trace 
N0 2 is the dominaHt process. At lower N0 2 concentrations, both 
charge transfer and negative ion combination appear to occur. In 
air (Fig. 5), K was found to be nearly independent of CR and to 
increase slightly with R.H., suggesting that charge tranRfer is 
the dominant process (4). 

ATTACHMENT OF RADON PROGENY TO AEROSOLS 

In estimating attachment of radon progeny to aerosols, it has 
been demonstrated that large and unacceptable errors arise in 
calculating the unattached fraction of a polydisperse aerosol by 
characterizing the aerosol as monodisperse (5). Significant 
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errors in estimation of the attachment coefficient may arise if 
the kinetic theory of attachment is used at large particle sizes 
or the diffusion theory at small particle sizes (Fig. 6). Hybrid 
theories are to be preferred (Fig. 6). 

With respect to the effect of charge on attachment, it has 
been estimated from a theoretical model that the charge would 
have a maximum enhancement effect on the attachment coefficient 
of about 25% (6). 

CONCLUSIONS 

The diffusivity, mobility and neutralization rate constant 
of unattached radon progeny depend on the nature of the gaseous 
environment. Neutralization appears to occur by two mechanisms, 
the dominance of which depends on the radon concentration. 
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Fig. 1. The dependence of the rela
tive electrostatic collection effi
ciency of newly formed RaA (21Spo) 
on the ionization potential of the 
gaseous environment (1). 
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Fig. 2. Effect of radon concentra
tration and relative humidity on 
neutralization rate constant of 
218po in argon. Relative humidity: 
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THEIMPLICATION OF THE TIME-DEPENDENT DIFFUSION THEORY 
ON RADON-222 EXHALATION MEASUREMENTS 

Christer Samuelsson and Kjell Erlandsson 
Department of Radiation Physics, University Hospital 

S 221 85 LUND, Sweden 

By collecting the radon (Rn-222) emanating from a sample enclosed 
in an accumulation can, the mean exhalation rate (Bq s-1) can easily be 
deduced by extracting gas from the can and analysing it for radon. This 
so-called closed-can method has been used in various forms since the 
beginning of this century. The radon exhalation rate from a sample free 
in air and in equilibrium with its surroundings (i.e. the radon con
centration gradient inside the porous sample is constant in time) is 
referred to as the free exhalation rate of the sample. The natural aim 
of most exhalation measurement techniques is to determine this free 
exhalation rate. Unfortunately, the radon accumulating variant of the 
closed-can technique fails in this (except for samples that are very 
thick compared with the diffusion length), and what is really remarkable 
is that this failure can pass unnoticed, even under carefully controlled 
laboratory conditions. The objective of this paper is to illustrate, by 
means of theoretical calculations using diffusion theory and Fick's law, 
why it is so difficult to experimentally determine the free exhalation 
rate with closed-can methods. The temporal variation of the radon ex
halation rate and the corresponding radon gas concentration in the 
sample enclosure (outer volume) for 'one-dimensional' samples will be 
presented. The conclusions drawn are, in principle, also valid for more 
realistic sample geometries, as long as the dimensions of the sample 
relative to the diffusion length are kept the same. 

z 

d+h .------------.lid 

air 
position 

d 

0 

-d 

Fig. 1. A sample of thickness d 
placed in the bottom of an can is 
closed at time t=O, the enclosure 
exhibits the same areal exhala
tion as a semiinfinite slab of 
thickness 2d. The outer volume 
height with lid in place is 
denoted h. 

In order to facilitate 
theoretical calculations, the 
simple sample geometry dis
played in Fig. 1 is assumed. 
Furthermore, it is presupposed 
that before closing the sample 
is freely exhaling with an 
outer volume radon concentra
tion equal to zero. In the 
absence of pressure and temp
erature gradients across the 
sample, the transport of radon 
from the sample pores into the 
outer volume is purely dif
fusive, i.e. is governed solely 
by a radon concentration gra
dient. If the can is closed at 
time t=O, the differential 
equation governing the pore 
concentration, C(z,t), of radon 
at time t and depth d-z in the 
sample is given by equation 1 
( Sa84). 

Eq. 1 p ac(z,t)/at 
2 2 pA{C -C(z,t)} + De a C(z,t)/az 

m 
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where De is the effective diffusion coefficient, p the sample porosity, 
Cm the maximum pore concentration in an infinite sample, and A the decay 
constant of radon-222. Cm is related to the specific radium concentra
tion, CRa• of the sample by the relation pCm= CRaSP , where sis the 
emanation fraction (the fraction of the radon produced in the sample 
reaching the pore space), and p the bulk density of the sample. The 
initial condition is that C(z,t) is zero for all z)d (i.e. in the outer 
volume). The boundary conditions for the bottom and the open surface of 
the sample for t>O are given by Eqs (2) and (3), respectively (instan
taneous mixing of the air in the outer volume is assumed) 

Eq. 2 d C(z, t) /(Jz=O for z=O (bottom) 

Eq. 3 -pDe (JC(z,t)/t3z- h<A+v)c(z,t) = h a C(z,t)/dt for z=d 

where vis the leakage rate constant of the can. Equation 3 is the 
mathematical expression for the balance between the exhalation according 
to Fick's law (first term) and the loss of activity (second term) due to 
decay and leakage. The relative leakage factor, )1, is equal to (A+v)/A 
and the diffusion length, L, is defined as L=(De,PA)l/2, Analytical 
solutions to Equation 1 for )1=1 (i.e. no gas leakage out of the can) 
have been published (Kr71, Sa84). 
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Figure 2. The temporal evolution of 
a) radon exhalation rate and b) & 
c) outer volume concentration after 
closing a radon-tight can holding 
samples of different thicknesses d. 
All samples have the same total 
radium-226 content (4500 Bq m-2). 
L= 2 m:J s = 0.5, h= 30 em, P = 1.5 
kg dm- • 

In this paper, numerical solutions for C(d,t) (i.e. the outer 
volume concentration as a function of time) and the corresponding exha
lation rate (Bq m-2 s-1) are presented in Figures 2-4. The radium-226 
activity of all samples, irrespective of sample thickness, is normalized 
to 4500 Bq m-2. The time scale of the exhalation part of the figures is 



logarithmic in order to emphasize the initially rapid change in exhala
tion rate after closure. The concentration versus time curves are drawn 
on linear scales. All samples in figures 2-3 are thin compared with the 
diffusion length, L= 2m. Nearly all radon atoms available to the pore 
volume of the samples will therefore escape to the outer volume initial
ly. In other words, all samples will exhibit about the same free exhala
tion rate. Let us, with this in mind, examine the radon-tight (~=1) 
enclosure illustrated in figure 2. As soon as the lid is put on the 
increase in radon activity in the outer volume will lead to an increase 
in the radon concentration in the outermost pores, thereby decreasing 
the exhalation rate. Within a few hours a final exhalation rate is 
reached. Thereafter, the increase in radon concentration is uniform 
throughout the whole pore volume and outer volume, a state corresponding 
to an exhalation rate which is constant in time. The described behaviour 
is typical for all samples that are thin in comparison with the effec
tive diffusion length L. 

For d~20 em the rapid initial change in exhalation rate is well 
hidden in the concentration curves even if the time scale is expanded 
(Fig, 2c), In the past, experimentalists have judged the initial part of 
activity growth as truely linear and corresponding to the free exhala
tion rate. This is in conflict with the results of the time-dependent 
diffusion theory predicting that the mean exhalation rate during the 
first few hours is much closer to the final steady-state exhalation rate 
than the free exhalation rate, 

The influence of leakage is exemplified in Figure 3. The initial 
slope of all concentration curves is approximately the same, correspon
ding roughly to the final steady-state exhalation of the radon-tight can 
(~=1). A few hours after closure the exhalation rate starts to increase 
again for all leaking cans since the increase in radon concentration in 
the outer volume is not fast enough due to radon atoms leaking out, This 
unexpected behaviour has been explained in detail elsewhere (Sa87). 
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Figure 3. Exhalation and outer volume concentration for the 20 em thick 
sample in Fig.2 but in leaking cans, The relative leakage~= CA+v)/"A. 

The diffusion theory predictions for samples with different dif
fusion lenghts are displayed in Figure 4. If the thickness of the sample 
is much larger than the diffusion length, the free exhalation rate 
prevails for a substantial time and thus can be easily measured with the 
closed-can technique, The prolonged period of free exhalation is due to 
the slow increase in radon concentration in the outer volume. The radon 
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Fig. 4. The exhalation and concentration caused by the d= 20 em sample 
in Fig. 2 but with different diffusion lengths L. 

concentration in the pore volume has, in this case, enough time initial
ly to 'follow' the concentration increase in the outer volume. The 
conclusion from Figure 4 is that the thicker the sample (relative to the 
diffusion length) the more the disturbance of free exhalation is de
layed, and for very thick samples free exhalation prevails for such a 
long time that an experimental determination is feasible. 

The results in this paper are based on time-dependent diffusion 
theory and the following main assumptions: 

1) Fick's law is valid for porous samples. 
2) Prior to time t=O the sample is in equilibrium with a 

surrounding radon concentration equal to zero. 
3) There is an instantaneous mixing of the gases in the 

outer volume. 
None of these assumptions is neccessarily true to 100% in the practical 
use of the closed-can method. Despite these reservations it should be 
stressed that the exhalation school, which identifies the free exhala
tion rate with the mean exhalation rate during the first few hours after 
closure, has no support from the time-dependent diffusion theory, except 
for samples which are very thick compared with the diffusion length. 
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EJ:o'J:o'ECTS OF ATMOSPHI:UUC STABILITY ON RADON DISPERSION 
IN THE LOWER BOUNDARY LAYER 

R.S. O'Brien and K.N. Wise 
Australian Radiation Laboratory 

Lower Plenty Road, Yallambie, 
Victoria, Australia, 3085 

INTRODUCTION 

Inhalation of the short-lived decay products of radon 
(Rn--222) is presently considered (UNSCEAR, 1985) to account 
for a significant fraction of the radiological risk from 
natural sources of radiation. Extensive monitoring programs 
carried out during mining operations in Australia have shown 
that, under normal atmospheric conditions, airborne radon and 
radon daughter concentrations are very low (Auty et al .. 
1984; Marshman, 1983). However. measurements at Nabarlek in 
the Northern Territory showed that radon and radon daughter 
concentrations increased markedly during periods of 
atmospheric stability (Leach et al., l982a). 

An instrumented 20 metre tower has been erected over an 
extended uranium ore deposit at Yeelirrie (lat. 27° 10' S, 
long. 127° 55' E) in Western Australia, as part of a long 
term study to improve our understanding of the processes 
associated with radon dispersion, particularly under 
temperature inversion conditions and to develop models for 
this dispersion. 

DATA ACQUISITION AND ANALYSIS 

Mean temperature, wind speed and radon concentration were 
measured at a site near the centre of the ore body in an area 
characterized by low, scattered scrub. The meteorological 
variables were measured using commercially available sensors, 
while the radon sensors were designed and built at ARL. The 
meteorological sensors were sampled every 20 seconds and a 
running mean and variance accumulated for each quantity. The 
radon sensors were polled every 10 minutes. A data 
acquisition cycle length of 20 minutes was chosen as being 
long enough to include low frequency micrometorological 
changes in wind and temperature, but not so long as to 
exclude the effects of the major high frequency fluctuations 
on the measured means and variances. 

The raw meteorological data were combined with 
calibration results for each sensor to produce 20 minute 
average profiles of wind speed and temperature as a function 
of time. The raw radon data was analysed using the method of 
Stranden ( 1981), and converted to radon concentrations using 
the measured calibration factors. 
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RESULTS 

At the tower site the radon emanation rate. averaged over 
24 hours, as measured by the charcoal caniste~ method 
(Countess 1977) was found to be 1.1±0.15 Bq/sq m/sec. 

Figure 1 shows the 
radon concentration and 
ho~izontal wind speed at 
1.25m and temperature at 
1.2Sm and 20m as 
functions of time for a 
one week period in 
mid-autumn. During this 
period, temperature 
inversions accompanied 
by low horizontal wind 
speeds (near the ground) 
occurred every night. 
However. the nocturnal 
increase in radon 
concentration showed 
conside~able variability 
f~om night to night. 

FIGURE 1 

The ve~tical radon flux was calculated using the fo~mula 

flux 
ku*z 

- ( D + -- --- -) 
f!IH{z/L) 

dC 

dz 

where z is height, L is the Monin-Obukhov length. which is a 
measure of the depth of the tu~bulent boundary layer; u* is 
the f~iction velocity, which is related to the vertical 
turbulent momentum flux: c is the radon concent~ation at 
height z. D is the molecular diffusion constant for ~adon 
(1.2 x lo-5 sq m/sec). and f!IH{z/L) is a universal 
functional representation of the temperature gradient in the 
atmospheric boundary layer (Hanna et al .• 1982). u* and 
z/L were calculated by fitting the measured wind speed and 
tempe~ature profiles to the universal functions for 
temperature gradient and vertical wind shear (Hanna et al .• 
1982) using a least squares method. 

Figure 2 shows the variation of the calculated radon flux 
(normalized to the local ~adon emanation rate) as a function 
of atmospheric stability (characterized by the parameter 
z/L). for stable atmospheric conditions. A value of z/L = 0 
corresponds to neutral stability. An increase in z/L 
corresponds to increasing stability of the atmosphere and 
suppression of ve~tical motion. The radon flux is close to 
the measured su~face flux (emanation rate) at neutral 
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stabi 1 i ty. and decreases systematically with increasing 
atmospheric stability. Also shown is the bulk Richardson 
number. defined by B (g.6T.6z)/(T.(6U)2). where g is 
the gravitational acceleration. T is the mean temperature in 
the height interval 6z. and 6T and 6U are the changes in 
temperature and wind speed across the height interval 6z. 
For stable conditions B and z/L are related by 
B = (z/L)/(1.0- 5.0z/L). 
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Figure 3 shows the variation of the radon concentrations 
at the three measurement heights as a function of z/L. The 
variation with stability decreases rapidly with height and is 
negligible at 20 metres. 

DISCUSSION AND CONCLUSIONS 

It is well established (Wallace et al. 1977) that. during 
the day when the vertical temperature gradient is negative 
(i.e. unstable conditions). the dominant mechanism for 
removing pollutants near the ground is eddy diffusion. while 
under temperature inversion (i.e. stable) conditions the 
vertical temperature gradient is positive and eddy diffusion 
is strongly suppressed. Consequently the wind speed near the 
ground should strongly influence pollutant concentration 
under inversion conditions. Binkowski (1983) has summarized 
the behaviour of the boundary layer during the day in terms 
of a turbulent mixed layer which is at least 0. 5km deep. is 
capped by an inversion layer and maintained by convective 
heating from below. During the night this mixed layer 
collapses as the underlying heat source is removed. but there 
is still a shallow mixed layer present. even under conditions 
of extreme stability. This turbulent nocturnal layer is 
driven by wind shear from above. The transition from one 
state to the other seems to be very rapid. This is certainly 
consistent with the rapid build-up and decay of elevated 
radon levels observed during the current experiment. 



The results presented here suggest that the variation of 
radon concentration with atmospheric stability is confined to 
the lowest 20 metres of the atmosphere. The radon 
concentration seems to vary rapidly across this layer, 
especially in stable conditions. This is consistent with the 
findings of other workers that the vertical diffusion of heat 
and momentum show their greatest variation near the ground. 
The results also show that the vertical radon flux in the 
lower boundary layer is equal to the measured emanation rate 
at the ground surface at the tower site for neutral 
atmospheric conditions and decreases with increasing 
atmospheric stability. 
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PROBABILITY OF BACKGROUND RADIATION ENHANCEMENT 
ACCOMPANIED WITH RAIN 

Kazunobu Fujitaka and Siro Abe 
National Institute of Radiological Sciences 

4-9-l, Anagawa, Chiba 260, JAPAN 

INTRODUCTION 

It is well known that the background radiation level often 
enhances when a rain starts. However, this is well known only on 
its qualitative nature. Quantitative information has been poor. 
In order to obtain clues for making a numerical model of this 
correlation, we have concentrated efforts on analysing the 
relationship between the radiation enhancement at onset of a rain 
and the timelength of pre-rain dry period. 

INSTRUMENTATION AND DATA 

Most rain measuremnts in routine monitorings have been done 
by conventional ''seesaw" rainmeters whose minimum detectable 
precipitation is 0.5 mm, and most rain analyses have been done on 
hourly data basis. However,such low-sensitivity rainmeters cannot 
detect start of a rain unless it is a considerably heavy shower. 
In addition, hourly data cannot reveal detail time variation. 

Accordingly, we initiated a continuous rain measurement by 
use of a "raindrop counting'' rainmeter which features much higher 
sensitivity(the minimum detectable precipitation of 0.00426 mm or 
precipitation rate of 0.2556 mm/h.) The measurement has been done 
simultaneously with that of gamma radiation level in an open 
field of NIRS since 1985. The latter has been measured by a 
scintillation monitor with a cylindrical Nai(Tl) detector(2"¢ ). 
The rainmeter was set near the ground surface while the 
scintillation monitor was set at 1.5 m above the ground. These 
detectors were installed about 3 m apart horizontally. Rain data 
have been printed out digitally every l minute, and radiation 
data have been plotted on a dot-printer chart. Although NIRS 
accommodates various accelerators and RI facilities, data have 
been collected only in periods with no artificial contribution. 
Data analyses were done for periods below:Mar.2,1985-Mar.28,1985; 
May30,1985- Sep.9,1985; Sep.l0,1985-Nov.6,1985; Nov.7,1985-Feb.3, 
l986;Feb.4,1986-Apr.l,l986;May20,1986-Jun.26,1986;Sep.l0,1986-Nov. 
6,1986;Nov.7,1986-Feb.3,1987. 

We 
so that 
rain. 
period 

ANALYSIS 

wanted to know how a pre-rain dry period should continue 
the radiation enhancement is accompanied with onset of a 
Therefore, we have measured the timelength of no-rain 
between the onset of a rain and the endpoint of its 
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previous rain. If the enhancement was not accompanied with the 
onset,or if the enhancement was extremely indiscernible, such was 
excluded from our data. However, we had met a probelm that there 
was sometimes aftereffect of an ending rain because our rainmeter 
was highly sensitive to count even waterdrops falling from a 
funnel to which the waterdrops had been stuck after the rain had 
stopped. Such "pseudo" rains were found only among the rain 
data of 0.2556 mm/h(lowest recording level.) Therefore, we set a 
threshold of 0.5112 mm/h(second lowest recording level) to ignore 
all data below that level. In order to check sensitivity on the 
threshold, however, we have also analysed data corresponding to 
five other thresholds of 1.2780, 2.0, 5.0, 10.0 and 20.0 mm/h. 

This "threshold method" has, however, the problem that there 
remains a possibility that small detached rains may be involved 
in the concerned no-rain period because "no rain" here depends on 
a given threshold. If there is such an internal rain, its onset 
may cause another radiation enhancement. In order to avoid such 
inconvenience, we set two conditions for a starting rain: (l) it 
should clear a given threshold, (2) it should be the first rain 
after the end of the previous one( ending rain of any magnitude.) 
However,internal rains below 0.5112 mm/h were ignored in any case. 
The radiation enhancement at onset of a rain will be referred as 
"event" hereafter. We got 115 events under the above conditions. 

DISCUSSION 

Fig.l shows the ordering of the timelength of the no-rain 
period for six thresholds separately. It can be seen that every 
distribution is almost monotonous in which more events occur as 
the no-rain period becomes shorter. This figure implies that the 
enhancement is possible even just after the previous rain . 

... 
• 300 • 

:::1 250 
0 
.c .... 
"g 200~ 'o • •• 
·;;: 
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150 0 '1'0 • 

Threshold of precipitation rate 

• 20.0 mm;h 
0 10.0 
T 5.0 
0 2.0 
• 1.2780 • 
• 0.5112 • 

~ w ~ w 00 -
Ordering of timelength 

120 

Fig.l Occurrence 
of events in order 
of timelength of 
no-rain period. 
Seasonal difference 
is ignored, and data 
involve all seasons. 
Ordinate: timelength 
of no-rain period; 
Abscissa: ordering 
of the timelength. 

The number of events involved between zero and an arbitrary 
time in this figure was divided by the number of all events which 
covered the whole period. Such a quotient can be considered to be 
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the "Probability of the event which occurs by the given time 
after the end of the previous rain." It is essentially a time
integrated probability, and the time in this case does not mean 
the no-rain period but means, in effect, the maximum waiting time 
for the event. As the denominator of the quatient does not 
involve rains with indiscernible events, though such are rare, 
the quotient may commit a slight overestimation. 

% 
100 

~,~~;$:~~:=:~~---
-·-·-0- Summer 
_______ ..,._Autumn 

---.-Winter 

Threshold of precipitation rate: 
0.5112 mm/h 

~ ~ 00 - ~ ~ ~ ~ ~ 
Time after the end of the previous rain( hour) 

Fig.2 Seasonal dependence 
of the time-integrated 
probability for the 
threshold of 0.5112 mm/h. 
The probability of each 
season is plotted against 
the time after the end of 
the previous rain. 

Fig.2 exemplifies how the time-integrated probability 
depends on seasons. As no significant difference can be seen 
among the four groups, this figure implies that we need not 
separate data according to seasons. Fig.3 demonstrates how the 
time-integrated probability is sensitive to a value of threshold. 
We can see that the probability does not depend on the threshold 
seriously though there is a systematic dependence on the time 
after the end of the previous rain. Therefore, we can consider 
that the time is the only significant variable among parameters 
considered. 

% Time after the end of the previous rain 

100 :;:::=::::==--- ~ 
+ 
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0 ... 
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--<>--....,_ ____ ,__ _______ ---<) 12h . 

20 ........._~'..-'----....,___ __ ...,.._ _______ 6h. 

----- ..... 2h. . 
0o 5 10 15 20 ..... h-I 

Threshold of precipitation rate 

Fig.3 Sensitivity check 
of the time-integrated 
probability on the 
threshold. The 
probability is plotted 
for sii time after the 
end of each previous 
rain separately. 
Seasonal difference is 
ignored, and data 
involve all seasons . 

The number of events in all seasons was 115. However, owing 
to the feature of Fig.3, there will be no inconvenience if we 
combine data of the six thresholds. We could get 375 events by 
the combination, and we could smooth out the data effectively. 
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Fig.4 Comparison between 
the time-integrated 
probability derived from 
data(circles) and that of a 
model(solid line.) Ordinate: 
time-integrated probability 
of radiation enhancement 
accompanied with onset of a 
rain; Abscissa: time after 
the end of the previous rain. 

Time after the end of the previous rain (hour) 

Fig.4 shows the time-integrated probability derived from the 
375 cases. The solid line represents a model expressed by a 
simple formula as 

P = 1 - exp( - kt ) ( 1) 

where P is the time-integrated probability, t is time after the 
end of the previous rain in unit of hour, and k is a constant. 
The k was estimated to be 0.023 by best-curve-fitting. It is 
apparent that the model well approximates the data. 

The enhancement of the background radiation with a rain will 
be due to an increased deposition of natural radon daughters on 
the ground. When a rain occurs, it will scavenge more or less 
the airborne radioactivity leading to the radiation enhancement, 
only the degree of its prominence will depend on the amount of 
the deposition. Therefore, it will be natural to consider that 
the time-integrated amount of the deposition is in proportion to 
the formula(l}. As the formula(l} is similar to the form of 
radiation strength which comes from a self-absorbing source, we 
can derive, by analogy, "effective half life" of the airborne 
radioactivity. The half life was calculated to be about 1.3 days. 

Such a half life characterises the loss of radioactivity 
from air column above a local ground. It will depend on radon 
emanation from the ground, nuclear disintegration of radon and 
its daughters, vertical and horizontal air transport, and rain 
frequency. The half life will vary from one to another locality. 
More detail analysis will be done later. 

CONCLUSION 

The occurrence of radiation enhancement at onset of a rain 
is a function of timelength of no-rain period prior to the rain. 
It can be expressed well in terms of time-integrated probability 
as the formula(l). The seasonal dependence will be of no 
significance. The effective half life of natural airborne 
radioactivity in air column will be about 1.3 days though it may 
depend on locality. 
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SHIELDING EFFECT OF SNOW COVER ON INDOOR EXPOSURE DUE TO 
TERRESTRIAL GAMMA RADIATION 

Kenzo Fujimoto and Sadayoshi Kobayashi 
National Institute of Radiological Sciences 

1. INTRODUCTION 
Many people in the world live in high latitude region where 

it snows frequently in winter. When snow covers the ground, it 
considerably reduces the external exposure from the radiation 
sources in the ground. Therefore, the evaluation of snow effect 
on exposure due to terrestrial gamma radiation is necessary to 
obtain the population dose as well as the absorbed dose in air in 
snowy regions. Especially the shielding effect on indoor ex
posure is essentially important in the assessment of population 
dose since most individuals spend a large portion of their time 
indoors. The snow effect, however, has been rather neglected or 
assumed to be the same both indoors and outdoors in the popula
tion dose calculation. Snow has been recognized only as a cause 
of temporal variation of outdoor exposure rate due firstly to 
radon daughters deposition with snow fall and secondly to the 
shielding effect of snow cover. This paper describes an approach 
to the evaluation of shielding effect of snow cover on exposure 
and introduces population dose calculation as numerical example 
for the people who live in wooden houses in Japan. 

2. ASSUMPTIONS 
Representative conditions were assumed as follows. Snow 

covers the smoothed flat interface of infinite half space of 
ground, where an isol~ted house stands. Snow has a variety of 
density from 0.1 g/cm of freshly fallen snow to more thq_n 0. 4 
g/cm3 of wet snow. Two typical values of 0.2 and 0.4 g/cm3 were 
chosen for light and heavy snow, respectively. Soil moisture 
content is assumed to be constant regardless the depth of snow 
cover. The terrestrial radiation sources of uranium and thorium 
series, and potassium are assumed to be uniformly distributed in 
the ground. The radon daughters floating in the air are 
neglected as they (cqntribute little to the total dose from 
natural background 1 J. In addition, the dose from the radon 
daughters deposited on the ground surface by precipitation in not 
taken into account since it is negligibly small as far as the an
nual dose is concerned. The house is assumed to be made of wood. 
Based on the indoor and outdoor exposure measurements in Japanese 
houses, the indoor ~xposure rates in wooden houses appear to be 
equal to outdoors ( 2 J. It is consequently assumed that wooden 
structures have little shielding effect on the radiation 
penetrating from the outside and no dose contribution from the 
building m~terials. The representative building area is assumed 
to be 60 m • The effect of the area size is also considered by 
changing the parameter. Occupancy factor of 0.8 and 0.2 for in
doors and outdoors, respectively, is used to evaluate the popula
tion dose. 

3. CALCULATIONS 
Indoor gamma exposure sources can be divided into three 
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components; ( 1 ) the building materials, ( 2) the soil under the 
house and (3) the soil outside the house. The first component is 
neglected in this paper, since it is assumed that building 
materials in wooden houses have no dose contribution to the in
door exposure rate. The other two are evaluated separately with 
a computer code based on the Adjoint Monte Carlo Method. The ex
posure resulting from the soil under the house can be estimated 
from the calculation of dose due to the radiation originating in 
a limited area. In this case it is not necessary to consider the 
shielding effect of snow even when snow covers the ground, since 
snow will not cover the area under the house. Whereas, the 
radiation emitted from the third source must penetrate the layer 
of snow to reach the house when the ground is covered by snow. 
The reduction of 1~~osure by snow cover can be roughly estimated 
using the results for the shielding effect of snow cover on 
the outdoor exposure. Further specification is necessary to ob
tain a better estimate of indoor exposure due to outdoor radia
tion. When there is a house, snow covers the ground only outside 
the house thus making a difference in the configuration of the 
snow cover. For this reason another series of shielding calcula
tions was performed taking into account the presence of a house 
on the ground. 

4. RESULTS AND DISCUSSION 
Fig. 1 shows the dose contribution from radiation originat

ing in the circular area of radius R m. It is shown as a frac
tion of the total exposure rate from the sources in the infinite 
area. The receptor is located 1 m above the center of the 
circle. The dotted line in the figure shows the solid angle at 
the recep~or subtended by the area of radius R m. The exposure 
rate are lower than the subtended solid angle. The difference 
between the two lines reveals the fact that the dose contribution 
from a distance is larger than expected by the solid angle. 
Moreover, it shows the necessity of simulation calculation of ex
posure from the limited area to obtain dose from the source under 
the house. These results permit estimation of the dose contrib~
tion from the building area. When the building area is 60 m , 
the area provides 68% of the total exposure. This exposure frac
tion varies slowly with the size of the area. If this area 
decrease half or increase double, the fraction would change a 
little to 61 or 74%, respectively. It thus proves that the 
simplification in shape of the building area introduces no sig
nificant error. The residual of the fraction represents the dose 
contribution from the outside with no snow cover on the ground. 
The outdoor radiation contribution in the house is 32% for the 
building area of 60 m2 • This dose contribution is reduced fur
ther when snow covers the ground. 

Fig. 2 shows the fractions of absorbed dose rates in air at 
1 m above the ground surface as a function of snow cover. The 
solid line shows the shielding effect on outdoor exposure. Snow 
cover introduces an effective shielding of gamma radiation from 
ground sources. This calculation provides rough estimation of the 
exposure reduction due to snow cover. The simulation calculation 
considering the presence of a house shows that the exposure 
reduction inside the house is 10 to 30% larger than outdoors. 
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Fig. 1 Dose contribution from the circular area of 
radius R m to the receptor 
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Fig. 2 Exposure transmission of 
terrestrial gamma ray 

(indoors: Exposure transmission in the 
model house in this paper. outdoors: 
Exposure transmission in the open field) 

The results for the 
representative house 
with a floor area of 
60 m2 is shown with 
the dotted line in 
Fig. 2 taking into 
account the outdoor 
dose contribution of 
32% to the indoor 
exposure. Large 
shielding effect on 
outdo or e x p o s u r e 
turns out to be 
small in the case of 
indoors due to the 
large contribution 
to the indoor ex
posure from the un
derlying soil. 
Fig.2 permits cal
culation of the 
reduction of ex
posure from the soil 
outside the house 
with snow cover on 
the ground surface. 
Verification of this 
calculation is not 

easy, since the ideal situation is hardly satisfied in actual 
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condition. However, the present evaluation by computer simula
tion is in relatively good agreement with the results obtained by 
actual measurements. 

5. POPULATION DOSE ESTIMATION 
Population dose is estimated considering the snow effect on 

the indoor exposure in wooden houses. The amount of snow 
precipitation has varied substantially from place to place· and 
year by year. The published values of average depth of snow 
cover over past 30 years in each city were used to evaluate the 
snow effect on population dose. The depth of snow cover is 
classified into a category of 5 groups; less than 10, 10 to 20, 
20 to 50, 50 to 100 and more than 100 em. The average number of 
days in each group has been reported. Since no data is available 
about snow density, two densities are chosen to estimate the 
range of the effect of snow cover. The annual outdoor absorbed 
dose in air was found to be reduced down to 43 or 57%, respec
tively for the density of 0.4 or 0.2 g/cm3 in the northern part 
of Japan. Whereas, the corresponding values for indoor absorbed 
dose in air are 79 and 83%, respectively. When the occupancy 
factors are taken into account to obtain the annual dose, the 
corresponding values are 71 and 78%. 

In the case of heavy structures, one has to take into ac
count the walls as attenuators of outdoor radiation and also as 
sources of radiation. Hence the evaluation of snow shielding ef
fect on the indoor exposure in concrete houses becomes rather 
difficult. The effect depends on the place in the house. At a 
position near the window, larger shielding effect might be found, 
since about half of the radiation comes from the outside. On the 
other hand, the center of the house has little snow effect due to 
both the predominant dose contribution and the large shielding 
effect by the wall. 

6. SUMMARY AND CONCLUSION 
The simulation calculation has shown that snow cover causes 

large reduction in the outdoor exposure due to terrestrial gamma 
radiation, but that the degree of the reduction decreases in in
doors. When the shielding value in the outside is applied to es
timate the population dose, it should cause a significant under
estimation. However, one cannot neglect the snow shielding ef
fect on population dose. Neglecting snow effect will cause more 
than 20% of overestimation for the people who live in wooden 
houses in snowy regions. Therefore, it is necessary to employ 
the approach described in the present paper to obtain a better 
estimate of population dose in wooden houses. 
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VERTICAL DISTRIBUTION OF NATURAL RADIOACTIVE NUCLIDES IN SOIL 
<DEPTH OF 0 TO 30 CM) 

Kazuko MEGUI*, Shojiro KIMURA**•Tadashi TSUJIMOTO*** and Kousuke 
KATSURAYAMA*** 
•:Rad.Ctr.Osaka Pre£ .• ••:Osaka Univ. Pharm.Sci., •••:Res.Reac. 
Inst. Kyoto Univ., ****:Kinki Univ. 

INTRODUCTION 

Knowledge of vertical distribution of natural radioactive 
nuclides in soil is very important in health physics. Works 
concerning the vertical distribution of the artificial nuclides 
in soil have been widely studied. Few studies were reported on 
the vertical distribution of a several natural radionuclides in 
soil and ,however, these distribution are considered to be 
important in investigation of lheir mobility in soil. The study 
reported in this paper presents data on the distribution of U-
238, Ra-226, Pb-210, Ra-228 and K-40 in soil core samples. 

SAMPLING AND MEASUREMENT 

Soil core samples of 30 em depth in length were taken on the 
ground in Fukui Pref.and Osaka Pref.,which is located in the 
central part of Japan, and the former is on the Japan Sea side 
and the latter is on the side of the Pacific Ocean. The area 
collected the samples is composed of various geologic properties. 
Core samples of soil were collected by using an iron sampler. 
Each core sample of 30 em long was sliced into 5 em section and 
dried. The part of the soil sample of larger than 10 mesh is 
excluded by sieving and 120 g of dried sample are packed in a 
disk-shaped plastic case. 

The soil sample are examined in the concentration of U-
238,Ra-226,Pb-210,Ra-228 and K-40 by gamma-ray spectrometry with 
a coaxial and a planer type of Ge detectors. To reduce the 
background counting ffte, the detectors were surrounded with the 
shielding materials . The activities of U-238 and Pb-210 are 
determined by using the planer type Ge detector from photopeakes 
due to 63.3 keV of Th-234Cdaughter nuclide of U-238) and its 
46.5 keV, respectively. The activities of Ra-226, Ra-228 and K-40 
are determined by using the coaxial type Ge detector from the 
photopeakes due to 609 keV of Bi-214, 911 of Ac-228 and 1.46 
MeV,respectively. A reference sample by NBL(the New Brunswick 
Laboratory of the Atomic Energy Commission ) is used as the 
standard for the activity determination. 

The Fe, Mn and Ca contents in samples were delermi?z1 by 
atomic abf~5ption spectrometry according to Bruland eta!. and 
Terashima . The soil sample of 1.0 g was decomposed with a 
mixture of HF and HC1 4 . After having been converted to the 
chlorides by HCI, the molecular absorption interferences were 
suppressed by addition of strontium. 

RESULT AND DISCUSSION 
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As shown in Fig. 1, no distinct vertical difference was 
found in the concentration of U-238, Ra-226 and Ra-228 in the 
soil samples except a single case described afterward. The 
concentrations of K-40 in the soil samples were found to decrease 
with increase in ignition loss of soil samples, as shown in Figs. 
1 and 2. The slightly low concentrations of K-40 in the top layer 
were usually found compared with those in the deeper layers of 
soil. This may be caused by the fact that the alkali metal and 
those of the alkaline earths in the soil sample of the top layer 
easily carried away in solution by erosion. 
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Fig.1 Concentrations of U-238, Fig.2 Concentrations of U-238, 
Ra-226, Pb-210, Ra-228 Ra-226, Pb-210, Ra-228 
and K-40 and ignition loss and K-40 and ignition loss 
as a function of depth in as a function of depth in 
core for the first case. core for the third case. 

The vertical variations of the Pb-210 contents in soil might 
be classified into four cases. For the first and the second 
cases of vertical distributions of Pb-210, the Pb-210 contents 
were the highest at the top layers(0-5 em> and decrease with the 
depth. As shown in Fig. 1 for the first case, the concentration 
of Pb-210 in the 25-30 em layers was established radioactive 
equilibrium with the concentrations of U-238 and Ra-226. For the 
second case,the Pb-210 content in the 25-30 em layer was higher 
than the contents of U-238 and Ra-226 in the layers. The liquid 
phase contained Pb-210 permeates into the deeper part of 30 em 
depth. For the third case,the Pb-210 contents were almost 
uniformly, as shown in Fig. 2, because of artificial mixing of 
soil layers. For these three cases described above a rather good 
relationship was found between the Pb-210 contents and the 
organic contents. 
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Fig.3 shows the vertical distribution of U-238, Ra-226, 
Pb-210, Ra-228 and K-40 on the the last case which is singular. 
The concentrations of U-238, Pb-210 and Ra-228 in the soil layer 
show the highest values in the 10-15 em layer and the Mn and Fe 
contents are also high in the same layer. Fig. 4 shows the 

Depth in core (em) 
Fig. 3 Concentration of U-238, Ra-226, Fig. 4 Concentration of 

Pb-210, Ra-228 and K-40 and Fe, Mn and Ca as 
ignition loss as a function of as a function of 
depth in core for the last case. depth in core. 

the variations of these contents on the last case and the first 
case which is the most general case. In the general case the Mn 
contents are the highest in the 0-5 em layer and gradually 
decrease with the depth, and the Fe and Ca profiles in both 
cores show relative uniformity with depth. This is due to the 
fact that manganese dissolve in reduced layer, lhen slowly 
migrate and accumulates in the oxidized top layer. Iron forms 
insoluble compounds in the oxidized and the reduced layers. No 
appreciable change was found in the K contents. A possible 
explanation of relatively high concentration of U-238 and Ra-228 
is as follows. The organic compounds in the top layer decompose 
and form humic and fulvic acids in the oxdized conditions. Metal 
elements are complexed with fluvic acid and transported downward 
in solution. And then, the metal complexes accumulate when the 
ratio of metal and fulvic acid attain to a constant value. Thus, 
uranium and thorium show relatively large accumulations in 10-15 
em deep. 

The migration rate of Ph could be determined by evaluating 
vertical decrement with depth in the Pb-210 contents and its 
half-life for the first case described above, as shown in Fig. 5. 
The migration rate of Pb-210 were lead to the values of 0.2 in an 
usual area and 0.36 mm/yr in a moisture area. 

Table 1 is shown the total accumulation of Pb-210 on the 
ground and yearly rain fall at Wakasa and Sakai, 
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which the former is on 
the Japan Sea side, near 
the Asian Continent and 
the latter is on the 
side of the Pacific 
Ocean. Then, the to tal 
accumulation at Japan 
Sea side is several 
times higher than that 
at the side of the 
Pacific Ocean due to 
influence of the Asian 
Continent. 
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Fig.5 Migration rate of the surface soil 
layer collected in Wakasa. 

Table 1 Total accumulation of Pb-210 and yearly 
rainfall in Waksa and Sakai 

Total accumulation Yearly rain 
Location of Pb-210

2 
fall 

(kBq/km ) (mm/y) 
Wakasa 20.2 2560 

21.3 
29.1 
21.4 

Sakai 2.6 1390 
2.3 

CONCLUSION 

The vertical distribution of the Pb-210 contents in the 
surface soil layer might be classified into four cases. The 
migration rate of Pb-210 could be determined by evaluating vertical 
decrement with depth in the Pb-210 contents and were lead to values 
of 0.2 in an usual area and 0.36 mm/yr in a moisture area. The 
concentration of U-238, Pb-210 and Ra-228 in the soil layers showed 
the highest values in the 10-l5 em layer and the Mn and Fe contents 
were also high in the same layer and, however, this is singular. 
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BACKGROUND RADIATION IN THE SYDNEY METROPOLITAN AREA SCIENTIFIC 
REALITY AND PUBLIC PERCEPTION 

Leslie G. Kemeny 
The Nuclear Engineering Group, University of New South Wales 

1. SUMMARY 
Very little information if any, is available to the public 

about the ubiquitous nature of low-level background radition 
-both from terrestrial and cosmic sources - in our highly 
urbanised or predominantly agrarnian societies, Public perception 
has naively accepted that the combustion of precious oxygen by 
air breathing engines in both "natural" and "societally 
acceptable". Little though has been given to the fact that on 
the one planet known to be able to sustain life based on oxygen, 
this is a recipe for disaster. One the other hand, since the 
evolution or creation of our universe, bill ions of tonnes of 
radioactive material within the crust of planet earth together 
with radiation from the thermonuclear powers station of the solar 
system, the sun, have sustained life, assisted in its evolution 
and, through photosynthesis and energy deposition, have ensured 
its propagation. 

In this on-going student project, employing wide-band, 
sensitive scintillation radiation detectors, careful statistical 
analysis and an understanding of the physics of radum-uranium 
decay chain and the production of radon • gas and its daughter 
products, fluctuation in the radiation fields of large cities is 
clearly demonstrated. 

The work is usually carried out by the author and his final 
year thesis students and has great educational value for the 
public, civic authorities, school teachers, the media and 
political decision makers. 

2. PATHWAYS OF EXPOSURE AND TYPICAL DOSES RECEIVED 
Exposure to external or internal radiation from the above 

sources leades eventually to radiation doses to organs or 
tissues. The different pathways by which this occurs are 
summarised below: 

COSMIC 
RAYS 

RADIATION 
DECAY 

EXTERNAL RADIATION RADIATION DOSE 
TO ORGANS OR 
TISSUES 

GASEOUS EXTERNAL RADIATION RADIATION DOSE 
ATMOSPHERE · TO ORGANS OR 

TISSUES 

OTHER TISSUE RADIATION DOSE 
(VIA LUNGS TO ORGANS OR 

TISSUES 

ENVIRONMENT -fl. DIET -tooTISSUEo;INTERNALit' RADIATION DOSE 
RADIATIO TO ORGANS OR 

TISSUES 
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The above information leads to the fact that not everyone 
will receive the same radiation dose. Also the proportion 
received from each source will differ from person to person and 
place to place. 

TABLE 1 

ESTIMATED PER CAPITA ANNUAL EFFECTIVE DOSE EQUIVALENT FROM 
NATURAL SOURCES IN AREAS OF NORMAL BACKGROUND (UNSCEAR, 1982) 

SOURCE 

COSMIC RAYS 

-IONISING COMPONENT 

-NEUTRON COMPONENT 

COSMAGENIC 

-RADIONUCLIDES K40 

Rb87 

TERRESTIAL/INTERNAL 

238 U SERIES 

238 -- 234 

230 Th 

226 Ra 

224 Ra 214 Po 

210 Pb -- 210 Po 

232 Th SERIES 

232 Th 

228 Ra -- 224 RA 

220 Ra -- 208 Tl 

(ROUNDED) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I ) 
I ) 
I ) 
I ) 
I ) 
I ) 
I ) 
I ) 
I ) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

AIR DOSE {MSV) 
EXTERNAL INTERNAL 
RADIATION RADIATION 

280 

21 

120 

90 

140 

650 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

180 

6 

10 

7 

7 

800 

130 

3 

13 

170 

1340 

I TOTAL 

I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

280 

21 

300 

6 

1044 

326 

2000 



3. EQUIPMENT USED 
The detector used was SPA-3, a scintillation detector. It 

incorporates a sodium iodide crystal of the dimensions shown 
below. S7J. ~ ·"'A? 

Si!Jm/11 
_J_ 

It is capable of detecting radiation in the range 100 keV to 1.5 
MeV. The sensitivity of the detector is 1200 
counts/minute/milli Roentegen/hr. 

TABLE 2 

COMPARISON OF SOME FEATURES OF THE ESP-2 AND THE EKCO N529A 

EKCO N529 ESP-2 

SIZE Length 53 em 26.7 em 
Height 29 em 12.7 em 
Width 24 em 13.2 em 

WEIGHT 15 kg 1. 73 kg 

POWER SUPPLY mains 110-120v 6 'C' cell batteries 

200-120v (5.8-10.ov de} 

4. EXPERIMENTAL RESULTS 
Background Radiation in Different Locations 

LOCATION DESCRIPTION DATE/TIME COUNT /5' 
MINUTES 

MECHANICAL ENG. On Concrete, by wall 7/10 8.15 am 60 400 
LABS. UNSW 

COMMONWEALTH BANK On the ground floor 8/9 2.40 pm 59 900 
MARTIN PLACE 

MECHANICAL ENG. Third floor, nr. wall 7/10 8.30 am 59 200 
BUILDING, UNSW 

MARTIN PLACE In the sun, breeze 8/9 2.45 pm 54 500 
CENTRAL STATION Country train area 8/9 1.40 pm 53 100 
CORNER BOURKE ST Industrial area 8/10 7.40 am 52 000 
O'RIORDAN ST & 
BOTANY 
ABOVE GORDON On rocks, sunny, 8/9 9.25 am 48 000 

BAY, COOGEE breeze 
9.30 am 48 400 
9.35 am 48 200 

CORNER BOTANY ST Industrial area 8/10 7.50 am 46 900 
7 EPSON RD. 
OPERA HOUSE In the foyer 8/9 3. 25 pm 46 600 
MECHANICAL ENG. On grass, nr. wall 7/10 8.00 am 45 800 
BUILDING, UNSW 
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UNSW LIBRARY 
QUEEN VICTORIA 
BUILDING 
STARK ST, COOGEE 
POST OFFICE 
MARTIN PALCE 
MOSMAN WHARF 

COOGEE ESPLANADE 
BUS (373 ROUTE) 

TRAIN 
COOGEE BEACH 

CENTENNIAL PARK 

HARBOUR BRIDGE 
FERRY (STEEL) 

FERRY (WOOD) 

5. SUMMARY 

7th floor, nr. wall 
On the second floor 

On the soil 

On a wooden seat 

On the ground 
Sunny, breeze 
City 
City 
Moore Park to 

Church Street 
Church Street to 

The Spot 
Around Lidcombe 
Sunny, small breeze 

Cnr. Parkes Drive 
and Dickens Drive 

Centre of Bridge 
Opera House to 

Cremorne Point 
Cremorne Point to 

Mosman Wharf 
Mosman Wharf to 

Cremorne Point 
Cremorne Point to 

20/9 2.00 pm 45 300 
8/9 2.15 pm 44 600 

8/10 2.00 43 200 

8/9 2.30 pm 42 000 
12/9 11.55 am 37 100 

12.05 pm 36 700 
12.10 pm 38 700 

8/9 10.10 am 30 000 
12/9 1.30 pm 35 100 
12/9 1.40 pm 36 000 
12/9 1.55 pm 18 400 

12/9 1.55 pm 25 700 

25/9 10.00 am 20 700 
8/9 9.10 am 17 300 

9.15 am 13 800 
15/9 1.25 pm 11 600 

12/9 1.15 pm 6 070 
12/9 11.30 am 3 180 

12/9 11.40 am 6 390 

12/9 12.25 pm 8 190 

12/9 12.35 pm 3 740 

Twenty-fold differences in background may come as a surprise 
to all except the specal ist in radiation technology. The fact 
that a ploughed field may have a background radom daughter 
emmission nearly as great as a well ventilated open cut uranium 
mine is of equal interest. Finally as has already been 
demonstrated, the probability that background radiation in the 
Sutherland Shire Council Chambers is greater than that in most 
buildigns of the Australian Nuclear Science and Technology 
Organisation may restore an atmosphere of informed realism and 
logic in the sustained attacks of the anti-nuclear lobby on a 
vital and highly disciplined industry which within two decades 
will make great contributions to sustain and make pleasureable 
life on plant earth. Nuclear free zones? Such a possibility was 
never meant to exist! 
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RESULTS OF 30 YEARS OF ENVIRONMENTAL SURVEILLANCE IN ITALY 

C. Faloci, S. Mancioppi, S. Piermattei, A. Susanna 
ENEA-DISP, Rome - Italy 

INTRODUCTION 

The surveillance of the artificial radioactivity began in the 
middle fifties when the nuclear tests carried out in the atmosphere 
drew the attention of the radiation protection Community and the 
public concern on the problem. 

Several laboratories distributed over the 
together in carrying out measurements on various 
food components according to common procedures of 
and analysis of data. 

countries JOln 
environmental and 
sample collection 

The ENEA (formerly CNEN) National Committee for Nuclear Energy 
and Alternative Energy acts as coordinator with the task to promote 
the creation of new laboratories, to stimulate environmental 
studies and to collect, analyze and publish the data (1). Moreover 
the results of the measurements and the development of the 
surveillance activity are being discussed once a year in a general 
assembly. 

The ENEA was also responsible to maintain liasons in the field 
of the environmental monitoring with the European Community 
according to the requirements of the EURATOM Treaty. 

Since from the beginning the monitoring 
related" environmental moni taring with the 
global impact of all the radioactive sources 

was set up as "person 
aim to evaluate the 

on the popolation and 
"source related" monitoring around nuclear installations. 

SURVEILLANCE PROGRAMME 

The surveillance programme evolved during the years according 
to the development of the detection techniques and to the 
scientific interests connected with the widespread of radioactive 
contamination due to the fall-out of nuclear tests (evaluation of 
the fate of radionuclides in the environment vs climate 
characteristics, agriculture, use of the terri tory, etc.) and 
finally to the evolution of the dietary habits of the population. 
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In table 1 the temporal evolution of the programme is shown; 
it reflects the primary aim of the surveillance i.e. the health 
control. 

AIR 
FALLOUT 
FALLOUT 
MILK 
MILK 
GEOGRAPHICAL WATER 
GEOGRAPHICAL WATER 
VEGETABLES, CEREALS 
AND LEGUMES 
ALIMENTARY PRODUCTS 

TAB. 1 
SURVEILLANCE PROGRAMM 

YEAR DETECTION 

1956 Gross beta 
1956 Gross beta 
1958 Gamma spectroscopy + 
1958 Gross beta 
1960 Gamma spectroscopy + 
1958 Gross beta 
1960 Gamma spectroscopy + 
1961 Gamma spectroscopy + 

1961 Gamma spectroscopy + 

Sr-90 

Sr-90 

Sr-90 
Sr-90 

Sr-90 

Air was sampled and analyzed from the beginning considering 
its importance to detect large scale contamination. Some of the 
sampling points were located at high altitude being of particular 
interest acting as primary indicators of the radioactive 
contamination of the troposphere. The average trend of the gross B 
activity concentration during the years is shown in fig. 1. The 
peaks which appear during the sixties are due to the nuclear 
explosions; the effect of the nuclear moratorium is visible after 
1972. The small peaks in the following years are due to the French 
and Chinese explosions and the finally the "Chernobyl effect" is 
visible in the second quarter of 1986. a- -ray spectrometry, Sr-90 
and Pu-299 measurements began to be performed after 1962 by some 
laboratories. 

Fig.l- Gross beta a.ct1vdy 1n e1r F1g. 2- Doposition of Cs-137 '"Italy 
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Deposition was also collected throughout the country beginning 
from 1960. In fig. 2 the monthly deposition of Cs-137 averaged for 
the Italy, is shown. Sea waters and geographical waters have been 
also monitored. Also the studies carried out on the contamination 
of small lakes in the North Italy were of particular interest. 

As far as the content of artificial radionuclides in human 
diet is concerned, different components have been analyzed during 
the years, some of which have been dismissed along the time as the 
activity of the fall-out decreased below the minimum detectable 
activity. However the analysis of milk samples, meat and 
industrially produced food was performed regularly during the 
years. 

The radioactive content of Sr-90 in milk is shown in fig. 3 
averaged for the Italy. The data for 1986 are not reported as 
following the Chernobyl accident the radioactive contamination was 
rather different on the terri tory and it was deemed incorrect to 
give a single average value for all the country. During the sixties 
bread samples were analysed regularly; moreover, taking into 
account the importance that this type of food has in the Italian 
diet, samples of "spaghetti" and wheat flour were also analyzed 
during the sixties. As an example in fig. 4 Cs-137 and Sr-90 
detected in "spaghetti" during 1964 and 1986 are reported. It is 
worthwhile to underli.ne the different ratios Sr-90/Cs-137 detected 
in 1964 and in 1986. 

Fig. 3 - Sr-90 content •n m1 lk 

1.481 lE•!!T--------------, 
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;g. 
~ ... 

... 
211 

19bl 19b5 1971 1975 1981 1!85 

Beginning from 1983 samples of complete diets of three large 
communities were also analysed to detect -emitters, 
transuranics. These analyses are of great interest 
Chernobyl accident as allow to evaluate the average 
radioactivity in the total intake. 
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In the intake of the radioactivity. 

Finally the results of the analysis of irrigation waters used 
for the rice cultivation in North Italy deserves attention as they 
represent hysterical set of data on the environment-water
cultivation-rice-man patway. Measurements of Cs-137 and Sr-90 are 
available, as well as the calcium content of these waters. It is 
possible therefore to express the results in terms of Sr-90/g Ca. 

FINAL REMARKS 

The importance of maintainingg active a moni taring network 
throughout the country was underlined by the Chernobyl accident. 
The presence on the territory of laboratories capable to carry out 
sampling and measurements according to standardized procedures is a 
garantee to obtain relable results. Moreover measurements carried 
out over the year allow the evaluation of the trend of artificial 
radioactivity in the environment and represent a sui table mean to 
control the impact on the population and on the environment of the 
radioactive artificial sources and to prove the adequacy of the 
radiation protection systems put into force. 

Finally it has to be underlined that the control of the 
radioactivity in the environment as it has been carried out during 
the years in our country and in other countries, could serve as an 
example to set up similar monitoring systems for other conventional 
pollutants existing in the outdoor environment. Taking also into 
account that our experience showed that the economic cost of 
maintenance of the system just described was very limited. 
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NATURAL RADIATION EXTERNAL EXPOSURES LEVELS 

IN CHILEAN SUB-ANTARTIC AND COUNTRY STATIONS 

E. STUARDO 

C.CH.E.N. LAI:lORATORIO DE DOSIMETRIA. CASILLA 188-D. Santiago, Chile 

Since 1983 gamma exposures 
levels, at 1,5 m above the soil are 
being investigated using TLD detectors. 
A network of 12 stations have been sta 
blished from ARICA (18°20' S latitude) 
in Northern Chile to YELCHO (64° 52' S 
latitude) in Antartic territory. One 
year monitoring period was used at An
tartic stations and a four months pe -
riod in the country. The main subject 
of this study is to assess the average 
background radiation levels along the 
territory which is relevant to get a 
reference level and specially an esti 
mate of the average natural radiation 
contribution to the population dose in 
Southern Chile. Fig. 1 shows the TLD 
chilean network. 

Method 

ANTOFAGAST•-

PACIFIC 
OCEAN 

"' z 
;:; 
z 

"' i :i 
"' a' 

Fig. 1.· 

CHILEAN TLO NETWORK 

FOR NATURAL GAio4MA 

EXPOSURE SURVEY 

Y£LCHO sr 

,,. 

6'•51'5) .................... ____ ...._. 

The measurements were performed by two kind of TLD detectors : one 
energy compensated Ca S04: Dy Teflon dosemeter and one uncompensated Ca Fz: Dy, 
(TLD-200), the latter is required as a backup dosemeter and to assess any lmv 
energy gamma contamination. In this paper all our results are refered to the 
Ca S04: Dy detector. The dosemeters were calibrated at the CCHEN Secondary 
Standard Laboratory, with a Cs-137 standard source, with+ 4% of uncertainty at 
9 3/, confidence. The usual annealing and preheat procedures as well as the fa
ding, transit dose and self irradiation corrections were described elsewhere 
(Stuardo, 1984). An 8300 Teledyne Reader and a 2000 D Harshaw Analyser were 
used for dosemeter readings. 

Results and Discussion 

Fig. 2 shows the exposure levels ( 1986-87) with bar indicating the 
total estimated uncertainty. The Antartic levels va1~ from~ 0,6 pC Kg-1 s-1 
at MARSH and PRAT stations to'" 0,85 pC Kg-1 s-1 at O'HIGGINS and YELCHO sta
tions. The former stations are located in a volcanic origin soil (South 
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Shetland Islands) and the latest ones in a soil having intrusive rocks composed 
mainly by granodiorite (Alarc6n, 1976). Direct TLD measurements in rocks of 
Yelcho station give J 0,95 pCi Kg-1 s-1 level which represents the upper expos~ 
re in the site and it is similar to the highest in the continental localities. 
The minimum exposure values, for the country stations, are found in Southern 
Chile (-v 0, 7 pC Kg-1 s-1) where the climate is rainy and the soil is mostly of 
volcanic or1g1n. The maxllium(-v 1,0 pC Kg-1 s-1) corresponds to the northern lo 
calities with soil composed of stratified sediments. 

Fig. 3 shows the annual average exposure levels (1983-87) along the 
territory. An increase of 40-60% is observed in 1985 to 1986 Antartic levels 
and similarly in some of country stations (30-40%). The energy uncompensated 
Ca F2: Dy dosemeter did not detect any contribution of fresh radioactive conta 
mination, then this variations can be attached to changes in stratospheric f~ 
llout plus some local changes in soil conditions, like: radon balance,ice and 
snow absorption thickness etc. 

Table 1 presents the results of the annual mean gamma absorbed dose, 
for all the stations, as well as the total average dose + 1 o over a period 
of 3 to 4 years. A factor of 0.956 was applied to the corrected exposure to 
evaluate the gamma absorbed dose (Vold, 80). In the Antartic stations the ave 
rage dose rate ranges between 0.46 mGy y-1 (PRAT St.) and 0.72 mGy y-1 
(O'HIGGINS St.). These levels, correspond to 9% and 14% of the annual investi 
gation limit for the public, respectively. In country stations the average do 
se rate fluctuates between 13% (PTO. MONTT) and 21% (SANTIAGO) of the limit~ 

For Southern Chile (Concepcion to Pto. Williams), where most of peo
ple. live.sin wooden houses we consider an average dose rate of 0. 74 mGy y-1 
>-.hichis equivalent, within the errors, to the 0.65 mSv y-1 worldwide average 
normal dose equivalent, due to cosmic and terrestrial gamma radiation (UNSCEAR 
82) . In order to estimate the natural radiation contribution to the population 
dose, an average factor of 20% could be applied to outdoor levels of northern 
localities (Bouville, 85) . 

The annual fading factor of Ca S04: Dy Teflon detector at Sub-Antarc 
tic Stations, during a four year survey, is shown in Table 2. We observe that 
50% of values differ from usual results found in Laboratory controlled experi 
ments (Piesch 81). 
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TABLE 1. NATURAL AVERAGE DOSE IN CHILEAN 

SUB-ANTARTIC AND CONTINENTAL STATIONS 

.. 

I 

[1983 

-1 Total average ANNUAL mean dose (mGz.y ) 
STATIO~ 1934 1985 1986 1987 dose. 

mGy.y -1 + 16' 
YELCHO 0,85 0,45 0,63 0,92 --- o, 11 ~ o-;-21 

O'HIGGINS 0,53 0,60 0,75 1,00 ·--- 0, 72 + - 0,21 
--· 

PRAT 0,31 0,41 0,46 0,66 --- 0,46 ± 0, I 5 

MARSH 0,37 0,57 0,50 0,70 --- 0,54 ± 0,14 

PTO. HILLIAHS --- 0, 57 --- 0,80 --- 0,69 ± 0,16 

COYHAlQUE --- --- 0,81 0,78 0,85 0,81 + 0,04 -(Aug-Dec) (Jan-Apr) 

PTO.HONTT 

I 
--- 0,65 0,57 0,79 0,68 0,67 + 0,09 

(Sep ·Dec) (Jan-Aug) -
.... 

CONCEPCION --- --- 0, 77 0,85 0,71 0,78 ± 0,07 
(Aug-Dec) (Jan-Aug) 

SANTIAGO 0, 92 1,10 0,93 1, 16 1,14 1,05±0,12 
LO AGUIRRE (Jan-Jun) 

ANTOFAGASTA --- 0,91 0,71 0,95 0,91 0,87 + - 0, 11 
(Sep-Dec) (Jan-Aug) 

A RICA --- --- 0,64 1,12 1,10 0,95 ± 0,27 
(Aug-Dec) (Jan-Aug) 

TADLE 2. Clll LEAN SUB-A~TAI{'[' 1 C STATlONS 

A~:~U:d. L\Dl:\G IN CaSo
4

: Dy, TEFLON TL DETECTOR 

~~-~{-S--11----.--PRA_T _____ 0' !liGGINS 

t9dJ (-l ,r, "c) 

I , Jb 

( -2 'C) 

I, 05 

<163• <283> 

(-],I 'C) 

I ,06 

< 568 > 

YELCHO 

(-1,2 'C) 

1,05 

< 389 > 
-----·- ----t-------lf------1------

1934 (1,7 'C) 

I, J I I ,05 1, 21 1, 31 

< 41 t, > < 458 > < zt,t, > 

1985 (-1,6 'C) 

1, 14 1,15 1,14 1, 2 7 

< 135 > 

1931> I, 25 I, 26 1, 15 
---------

Aver"g" ": 1S 1,27 :t: 0,09 1,13 :': 0,13 1,14 :': 0,06 1,21 :': 0,!4 

annual average temperature 

annu.:1l snoY.: precipitation in em. 
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RESULTS FROM THE 
AUTOMATIC SWISS DOSE RATE MONITORING NETWORK NADAM 

P. Honegger 
Federal Office for Public Health, 

National Emergency Operations Centre, Zurich 

INTRODUCTION 

The swiss Network for Automatic .Qose-rate Alarming and Monitoring, NADAM [1,2], 
is operated by the National Emergency Operations Centre. Since may 1987 the fully 
operational network covers the whole country with 51 stationary radiation monitoring equipe
ments (Fig. 1). This network shall 

- signal immediately a significant increase of the environmental exposure rate, 
- enable the National Emergency Operations Centre to distinguish between the natural 

variation of the environmental radiation level and an artificial increase and 
- give a rough survey of the environmental radiation levels over the whole country in a case 

of a nuclear accident with relase of airborne radioactivity. 

The NADAM-stations are equipped with Geiger-MUller-counters and connected to the 
automatic weather-monitoring stations of the swiss meteorological network ANETZ. The local 
dose rate values and different meteorological parameters (e.g. air and soil temperature, wind
speed and direction, amount of precipitation) are transmitted every 10 minutes through a 
fixed telecommunication network to a central data collecting computer where they undergo a 
qualitity and threshold check. 

One of the mayor task of the National Emergency Operations Centre is to detect 
artificial increases of the environmental radiaiton level and to inform in such situations the 
emergency organisation [3]. Therefore it has to distinguish between increases due to natural 
variation and artifical reasons respectively. This needs a good knowledge of the local meteo
rological influences on the radiation level. 

Since beginning of december 1987 the weekly mean values of the dose rate mesure
ments are regularly published and commented in the bulletin of the Federal Health Office [4]. 

MEASUREMENTS, RESULTS AND DISCUSSION 

The following example shows the special influence on the hourly and daily vari;ttion 
of the dose rate by different meteorological parameters, i.e. air- and soil-temperature, 
humidity, precipitation due to the local situation. 

Figure 2 shows the diurnal variation of dose rate at the NADAM-stations of Bern
Liebefeld (BER) and Payerne (PAY) together with the precipitation-values for a given period 
in march 1986. Shortly after midnight on 13th. there can be detected a sharp peak for the 
radiation values at both stations. A similar peak could also be found at other stations in the 
western part of switzerland. This increase could be related to precipitations in this region. 

In the preceding and following nights we could find peaks too, but only in Bern
Liebefeld. They show a different shape with a steady increase from about 6pm to Sam 
followed by a steep decrease within about 2 hours. For this peaks there couldn't be found any 
relations to precipitation. The analysis of the meteorological datas and the weather-reportings 
of the gone weather (tab. I) gives following results: 

This increases are positively correlated to humidity (correlation-coeffizient r=0.74-0.94; 
Fig. 3) and to the temperature gradient between air- and soil-temperature (r=0.29-0.79) and 
negatively to the soil temperature (r=-0.62 to -0.90). They are also related to haze or fog 
respectively together with white frost. 

We suppose that this special behavior of Bern in relation to Payerne is effected by the 
particular local situations and their influence on the microclimatic conditions: The NADAM
station of Bern is situated in a shallow depression surrounded either by small hills or buil-
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dings; the Payerne station is on a lightly flat slope some 10 meters above the valleys ground. 
Due to this situation of Berne there can arise a shallow see of cold air with no vertical air 
movement and fog during cold nights (inversion-situations). Therefore it comes to a concen
tration of radon and its daughters in the lowest air layer and to wet depositions by dew or 
white frost during fog situations. In Payerne the cold air will flow downward and there are 
much less fog situations as table I shows. 
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observation date gone weather during the last 6 or 12 hours for 
and time (UTC) BERNE PAYERNE 
lOth. 0600 hazy hazy 

1200 hazy hazy 
1800 hazy hazy 

II th. 0600 hazy hazy 
1200 hazy hazy 
1800 hazy hazy 

12th. 0600 hazy, white frost hazy 
1200 hazy, white frost drizzle 
1800 hazy no spec observ 

13th. 0600 fog, white frost hazy 
1200 fog, white frost hazy 
1800 drizzle hazy 

14th. 0600 fog, snowfall snowfall 
1200 fog snowfall 
1800 hazy no spec observ 

15th. 0600 fog hazy 
1200 no spec observ hazy 
1800 drizzling no spec observ 

16th. 0600 fog, snowfall no spec observ 
1200 fog no spec observ 
1800 fog, snowfall no spec observ 

17th. 0600 snowfall no spec observ 
1200 no spec observ no spec observ 
1800 no spec observ no spec observ 

18th. 0600 no spec observ no spec observ 
1200 no spec observ no spec observ 
1800 no spec observ no spec observ 

19th. 0600 snowfall snowfall 
1200 no spec observ rain 
1800 fog, snowfall rain-sonfall 

20th. 0600 fog, snowfall snowfall 

Tab. I: Weather-reporting for Bern-Liebefeld and Payerne for march lOth. to 19th. 1987. 
Observed weather-phenomenon during the last 6 or 12 hours respectively. 
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Fig 2: comparison of dose rate with different meteorolgical parameters 
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Fig 3: Correlations for Bern-Liebefeld, march 15th. 1987 
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MEASUREMENT OF ALPHA ACTIVITY CONCENTRATION IN THE 
GROUND AIR USING COLLULOSE NITRATE NUCLEAR TRACK DETECTORS 

Jae-Shik Jun and Dong-Bum Myung 
Department of Physics, Chungnam National University 

Taejeon, 300-31, Korea 

ABSTRACT 

A study on the measurement of alpha uctivity in the ground air has 
been curried out using CA 80-15 and LR 115-1 cellulose nitrate nuclear 
track detectors. The detection efficiencies of the detectors were 
detenoined by maldng use of an 241Am nlpha source of 0.1 uC in activity. 

For field measurement of alpha activity of em11n1Lled radon and its 
progeny in the ground air, two different radon cups were installed for 
a certain period of time in two neighbouring gound holes of about 15 em 
in diwoeter and 45 em in depth. Of the two radon cups, one was kept 
closed space during the detecting period, while the other kept partly 
open space with u hole enabling the inner air to ventilate. 

With the data evaluated in terms of alpha activity per unit volume of 
the air, detection efficiencies of the two different type of detectors 
nnd track recording characteristics in the two different cup circums
tunc es were ex1uuined und discussed comparatively. 
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RADIOLOGICAL PROTECTION IN THE CEGB - THE CHANGING SCENE 

R B PEPPER B.Sc., M.Inst.P., Ch.P., M.S.R.P. 

CENTRAL ELECTRICITY GENERATING BOARD,U.K. 

INTRODUCTION 

The first two civil nuclear power stations in the 
U.K. were commissioned by the CEGB in 1962. There are now 
12 operational stations (24 gas cooled reactors) and a further 
two Advanced Gas Cooled reactors being commissioned on another 
site. In the intervening years, improvements in designs and 
in operational practices backed up by sound health physics 
control and procedures, have led to a steady reduction in 
the mean annual dose to operators. During those years the 
statutory dose limits have only been exceeded on 4 occasions, 
and the maximum annual whole body dose equivalent was 57. 4mSv 
( 5. 7 4 rem). Doses to members of the public have also been 
well controlled. Inevitably there have been minor incidents 
but on no occasion has it been necessary to declare an Emergency 
at any of our sites. 

During the past decade a number of unconnected events 
have combined to put increased pressure on the nuclear 
establishments to effect ever greater improvements in 
radiological protection. ICRP 26 was a catalyst for a major 
re-think in this field. The accident at Three Mile Island 
and the subseqent disaster at Chernobyl focussed the attention 
and increased the concerns of the public and the media on 
the safety of nuclear power. A further event which was of 
relevance in the U.K. was the Public Inquiry held to consider 
the CEGB' s application to build its first PWR. That Inquiry 
lasted over 2 years and guaranteed the spotlight remained 
on the subject. 

Subsequent to the publication of ICRP 26, regulatory 
bodies re-considered their existing requirements and guidance. 
As a result the relevant European Economic Community Directive 
was revised. The U.K. nuclear regulations were subsequently 
re-vamped and published in 1985. 

This paper briefly outlines changes which are being 
consolidated or introduced into radiological protection in 
the CEGB nuclear establishments. 

OCCUPATIONAL EXPOSURE 

conform with the new U.K. nuclear 
Safety Rules (Radiological) were 

an extensive programme of re-training 
ALARA formally became an integral 

In order to 
Regulations, the CEGB 
completely re-written and 
had to be implemented. 



part of radiological protection. Procedures now require that 
should an individual reach a dose of lSmSv in a calender year 
an investigation shall be carried out to ascertain whether 
the control measures exercised during the time the exposures 
occurred were justifiable and in line with the ALARA principle. 
Further checks and inquiries must be made on any individuals 
reaching annual doses of up to 20,30 or 40mSv/y. In addition, 
if it is predicted that specific planned operations will 

lead to a collective dose in excess of 0.1 man Sv, an 
independant assessment of the planned radiological control 
measures must be undertaken. Particular care is necessary 
in controlling the doses to classified persons employed by 
contractors, and who carry out work for limited periods of 
time on a number of different sites within the U.K. Close 
collaboration between the employers and the Board is necessary 
in these circumstances. To assist in dose control a utility
wide computerised dose record/medical status system is being 
introduced to cover CEGB and Contractors employees. This 
record system and the dosimetry services used must meet the 
stringent requirements and gain the Approval of the Government's 
Health and Safety Executive. 

EXPOSURE OF MEMBERS OF THE PUBLIC 

All but one of the Boards nuclear sites are located 
on the coastline or on estuaries and in most instances doses 
resulting from discharges of low activity liquid discharges 
represent only a fraction of a percent of the ICRP dose limits. 
In these circumstances doses must be estimated, and increasing 
emphasis therefore has to be placed on the application of 
mathematical models using data from environmental samples 
taken for this purpose. Efforts are being made by the major 
relevant organisations in the U.K. to reach agreement on the 
models and parameter value data to be employed. Information 
on the estimated exposures of members of the public has been 
made publicly available for many years, but renewed efforts 
are being made to liaise on these matters with local authorities 
and organisations through Local Community Liaison Committees 
sponsored by individual site managements. 

The Governments Authorising Departments continue to 
take and evaluate their own check samples from the environment. 
These confirm the validity of the Boards results. Nevertheless 
an increasing number of Local Authorities are carrying out 
their own independant surveys in order to inform them 
consituents. The Board collaborates with such bodies on these 
matters. 

EMERGENCY PLANNING 

In the period between the accident at Three Mile Island 
and the disaster at Chernobyl the CEGB introduced many 
significant changes into its emergency plans. It was therefore 
gratifying that after a preliminary consideration of the latter 
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event, H.M. Government felt able to state that the accident 
did not invalidate the principles on which emergency planning 
was based in the U.K. Detailed reviews of these plans have 
been undertaken by Government bodies and Agencies, but final 
recommendations are still awaited. Nevertheless it is clear 
that better and more rapid means of communication is needed 
between the Authorities and the Public. 

In the overall response plan for any particular site, 
many separate organisations participate. Each such organisation 
acts in accordance with its own particular response plan. 
Action is being taken to ensure that the roles and 
responsibilities of these involved organisations are more 
clearly defined, that there is good communication between 
these bodies and that their efforts are co-ordinated. 

The CEGB is taking the opportunity to harmonise the 
separate plans for its numerous sites. A "model" plan is 
well advanced in its preparation. A greater use of common 
procedures and terminology will lead to less confusion when 
staff from one site are required to assist those at another 
(affected) site. 

Considerable debate has taken place on the scale of 
accident for which detailed pre-planning for emergency response 
should be developed. There may yet be some development in 
this position but there is increasing emphasis being placed 
on the ability to demonstrate that if necessary, emergency 
response actions can be extended out to any required distance. 

RADIOLOGICAL PROTECTION - FUTURE DESIGNS 

When a new station is to be built, the CEGB issue 
Design Safety Criteria (DSC) relevant to the project. These 
provide guidance for the designers. The criteria reflect 
the judgement at that time of the desirable and achievable 
standards of radiological protection and also incorporate 
judgement factors intended to anticipate possible changes 
in standards in future years. These DSC 1 s are expanded and 
more fully interpreted in a companion document known as Design 
Safety Guidelines ( DSG 1 s). In addition to setting "targets" 
for doses to workers and to members of the public a criterion 
is also included for the annual collective dose. In 1984, 
a Public Inquiry began into the CEGB 1 s application to build 
a PWR. During the course of that Inquiry many searching 
questions were directed at the criteria but from his report, 
it is clear that the Inspector was satisfied with the position. 

In consideration of future designs, greater emphasis 
will be placed on formal cost benefit or other appropriate 
analysis to assist in determing whether design proposals are 
ALARA. It is hoped that in the not-too-distance future there 
will be agreement between industry and the regulatory bodies 
on the value of a man-sievert to be used in such considerations. 



Currently it is particularly difficult to decide on 
future dose criteria. The ICRP has announced in its COMO 
Statement that they are reviewing all the data on risk estimates 
and consequently new recommendations can be anticipated, 
possibly in 1990. The CEGB has declared its intention of 
proceeding with a programme of PWR's. Application for one 
plant has already been made and this may be followd by 2 or 
3 others at perhaps yearly intervals .Difficult decisions must 
therefore be taken on the radiological criteria to be issued 
for these plants as it is probable that some form of inquiry 
- perhaps limited - will be held for each one. 

In a recent publication, the National Radiological 
Protection Board (which advises the Government on these matters) 
recently issued interim guidance that the revised Japanese 
bomb dose data was likely to lead to an increase in the 
radiation risk factor by a factor of 2 or 3. Nuclear operators 
are therefore urged to begin to work towards a "target" dose 
limit of lSmSv/y for workers and 0. SmSv/y for members of the 
public. This advice must be borne in mind also, in formulating 
design criteria. 

THE FUTURE 

The CEGB intends that nuclear power will play a 
significant role in the future production of power. The 
provision of an efficient radiological protection service 
is therefore paramount. There will be challenges in the coming 
years which will place demands on all practitioners in this 
field. From my own point of view, I look back at our past 
achievements with some satisfaction and am certain that ways 
of solving new difficulties will be found. 



NOUVELLE LEGISLATION DANS LE DOMAINE DE LA RADIOPROTECTION 

B. Michaud, M. Monnier, E. Muller, G. Wagner 
Office federal de la sante publique, CH-3001 Berne, Suisse 

ABSTRACT 

A Bill on radiation protection will soon be discussed in the 
Federal Chambers (Swiss Parliament). This contribution shows the 
structure of the new law, the fundamental aspects Rnrl those points 
which were most controversial during the elaboration of the pro
ject • In particular, the following topics will be discussed: The 
principles of the radiation protection, the individual monitoring, 
the medical applications, the radioactive wastes, the civil liabi
lity and the prescription. 

1. INTRODUCTION 

Sur le plan legal, la radioprotection est actuellement regle
mentee d'une maniere quelque peu rudimentaire puisqu'elle n'est 
regie que par deux articles de la loi de 1959 sur l'energie ato
mique. De nombreuses dispositions en la matiere ant ete edictees 
par voie d'ordonnances. La nouvelle loi permettra pour la premiere 
fois de reglementer dans une loi le domaine de la radioprotection 
dans son ensemble. 

2. STRUCTURE DU PROJET DE LOI 

Le projet de loi est divise en 7 chapitres. Le chapitre 1 de
crit le but de la loi et son champ d'application. Le chapitre 2 
est consacre a la protection de l'homme et de l'environnement. Il 
contient egalement des dispositions generales relatives aux de
chets radioactifs. Le chapitre 3 regit les autorisations et la 
surveillance. Les dispositions regissant les domaines de la res
ponsabilite civile et de !'assurance, de la protection juridique, 
des emoluments et des sanctions font l'objet des chapitres 4 a 6. 
Les dispositions finales sont au chapitre 7. 

3. DISPOSITIONS FDNDAMENTALES DU PROJET DE LDI 

3.1. But et champ d'application 

La presente loi a pour but de proteger l'homme et l'environ
nement contre les dangers dus aux rayonnements ionisants. Elle 
s'applique a toutes les activites, installations et evenements qui 
peuvent presenter un danger lie a des rayonnements ionisants. Ces 
activites ne doivent etre confiees qu'a des personnes technique
ment qualifiees. 

3.2. Principes de la radioprotection 

Le systeme de limitation de !'exposition aux radiations de la 
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Commission internationals de protection radiologique (CIPR), base 
sur les trois principes de justification, d'optimisation (ALARA) 
et de limites de dose individuelles, constitue le fondement sur 
lequel s'articule le projet de loi. 

Le principe de l'optimisation a ete traduit dans la loi de la 
mani~re suivante: "Pour reduire l'exposition aux radiations de 
chaque individu ainsi que de l'ensemble des personnes concernees, 
il y a lieu de prendre toutes les mesures commandees par l'expe
rience et l'etat de la science et de la technique, et adaptees aux 
circonstances." 

Le projet de loi prevoit la fixation de limites de dose pour 
les personnes qui par leur profession ou d'autres circonstances 
sont exposees a une irradiation accrue par rapport au reste de la 
population et controlable. Afin de permettre une certaine soup
lesse et de ne pas encombrer la loi de dispositions techniques 
complexes, les valeurs limites ne sont pas fixees dans la loi mais 
dans l'ordonnance d'application. 

Une situation d'accident doit etre jugee autrement qu'une 
situation dans laquelle la source de radiations est sous con
trole. Aussi la loi prevoit-elle de donner au Gouvernement (Con
seil federal) la competence de fixer les doses de radiations ac
ceptables dans des situations de danger du a une augmentation de 
la radioactivite. 

3.3. Dosimetrie 

Afin d'avoir la possibilite d'ordonner une dosimetrie diffe
renciee en fonction des conditions d'exposition professionnelle, 
le projet de loi fixe comme principe que la dose de radiations 
doit etre mesuree au moyen d'une methode appropriee. Il appartien
dra done au Gouvernement de decider notamment pour quelles per
sonnes l'exposition aux radiations doit etre mesuree individuelle
ment (dosimetrie individuelle) et a quels intervalles. Il pourra 
ainsi en principe dispenser d'une surveillance dosimetrique in
dividuelle les personnes travaillant dans des conditions telles 
qu'il est tr~s improbable que les expositions annuelles puissent 
depasser une fraction des limites de dose. Il suffira dans ce cas 
d'evaluer les conditions regnant dans l'environnement de travail. 

Le projet de loi precise en outre que lorsqu'une surveillance 
dosimetrique est prescrite, les personnes exposees aux radiations 
sont tenues de s'y soumettre faute de quai elles risquent des 
sanctions. 

3.4. Applications medicales des rayonnements ionisants 

L'exposition du patient aux radiations est laissee a l'appre
ciation du medecin qui est toutefois tenu d'appliquer les prin
cipes de justification et d'optimisation. Le projet de loi donne 
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au Gouvernement la possibilite d'edicter des dispositions sur la 
protection des patients. On a renonce par contre a reglementer le 
devoir du medecin d'informer le patient lors d'applications de 
rayonnements a des fins diagnostiques au therapeutiques et de de
mander son accord. En procedure de consultation, les organisations 
de medecins ant a juste titre releve qu'il ne s'agissait en l'oc
currence pas d'un aspect de la radioprotection, mais d'une inge
rence dans la relation medecin-patient. Il n'est pas necessaire de 
regler ces questions dans la loi sur la radioprotection car les 
applications de rayonnements a des fins diagnostiques et therapeu
tiques sont soumises aux m~mes prescriptions que les autres actes 
du medecin a l'egard de son patient. 

3.5. Dechets radioactifs 

Le projet de loi contient des dispositions fondamentales va
lables pour taus les dechets radioactifs, y compris ceux provenant 
de !'utilisation de l'energie nucleaire. 

Le projet de loi statue une obligation de livraison pour les 
dechets radioactifs provenant de la medecine, de la recherche et 
de l'industrie. Les producteurs de tels dechets assument les frais 
de leur conditionnement, entreposage et elimination par l'Etat. 

Une reglementation speciale sur !'elimination des dechets ra
dioactifs provenant de !'utilisation de l'energie nucleaire est 
prevue a titre complementaire dans le nouveau projet de loi sur 
l'energie nucleaire. Les dechets radioactifs provenant de la 
medecine, de la recherche et de l'industrie, apres leur ramassage, 
seront nouvellement regis par cette loi. Les installations de con
ditionnement et de stockage de taus ces dechets radioactifs sont 
des installations nucleaires au sens de la loi sur l'energie nu
cleaire. 

En ce qui concerne !'importation de dechets radioactifs, le 
projet de loi sur la radioprotection fait la distinction entre 
ceux qui proviennent de Suisse et ceux de l'etranger. En principe, 
ces derniers ne doivent pas ~tre introduits en Suisse pour y ~tre 
elimines. On ne doit cependant pas faire obstacle a cette possibi
lite au cas au elle apparaitrait judicieuse dans le cadre d'une 
repartition internationale des t~ches. Mais elle ne saurait ~tre 
admise que si un accord de droit public international a ete con
clu. 

3.6. Responsabilite civile 

Les pretentions en responsabilite civile au en dommages-inte
r~ts pour des degats occasionnes par des rayonnements ionisants et 
ne relevant pas de la loi sur la responsabilite civile en matiere 
nucleaire, sont prescrites 3 ans apres que le lese ait eu connais
sance du dommage et de la personne civilement responsable, et en 
tout cas au plus tard 30 ans apres la fin de l'effet dommageable. 
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4. CONCLUSIONS 

Le projet de loi sur la radioprotection sera discute aux 
Chambres federales en 1988. Sa mise en vigueur est prevue en 
1989. Plusieurs groupes de travail elaborent actuellement les 
dispositions d'application de la loi (revision de !'ordonnance 
sur la radioprotection). 
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RADIATION PROTECTION STANDARDS IN THE UNITED STATES 

Mills, W.A.; Arsenault, F.J.; and Conti, E.F. 
Oak Ridge Associated Universities 

Standards to protect workers and members of the general 
public against any harmful effects of ionizing radiation are 
numerous and complex in the United States. Many Federal 
agencies have protection responsibilities, our Congress limits 
the discretionary authority given to these agencies in 
providing for this protection, and our court system appears at 
times to render judgments that are illogical to our sense of 
the degree of radiological protection required. To many our 
standards appear to be overprotective in that they have, at 
best, marginal health benefits and without question are costly 
to implement. Government agencies, the Congress, industry, 
professional organizations, and others have expressed their 
concerns and interests regarding standards in a variety of 
ways: 

* Need for consistent radiation policies; 
* Need for mutually consistent and coordinated 

radiation regulations and standards, particularly 
those involving multiple agencies and jurisdictions; 

* Establishment of radiation levels below regulatory 
concern (de minimis); 

* Coordination of U. S. policies and positions on 
radiation issues at international meetings; 

* Clarification of an ALARA policy; 
* Need for scientifically-based standards; 
* Examination of "umbrella" dose limits, dose 

commitment methodology, collective dose application, 
etc.; and 

* Introduction of a risk-based standard system, 
standardizing risk estimation techniques and 
approaches to risk comparability. 

It is against this background that the Committee on 
Interagency Radiation Research and Policy Coordination 
(CIRRPC) undertook a project to enhance its knowledge and 
understanding of the principle standards in the United States 
that limit and control radiation exposures. CIRRPC is a 
committee of eighteen Federal agencies, represented by senior 
policy makers, and complemented by a Science Panel whose 
membership is senior radiation scientists from fourteen of the 
member agencies of the policy body. Oak Ridge Associated 
Universities provides the necessary administrative and 
technical support to CIRRPC and was tasked to develop a 
compendium of u.s. radiation protection standards that would 
include the major legal and technical facts or requirements 
contained therein. 
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Fact Sheets ( FS) have been developed for twenty-three 
"standards" (generally enforceable regulations or Federal 
guidance approved by the President) and two proposed revisions 
to existing regulations-NRC's 10CFR20 and DoL/MSHA's 30CFR57, 
NRC's basic protection standard and DoL's underground mining 
standard, respectively. Of these twenty-three standards, nine 
are in the form of guides and fourteen are enforceable 
standards. Seven enforceable standards have been promulgated 
by the u. s. Environmental Protection Agency (EPA), four by 
the Nuclear Regulatory Commission (NRC), two by the Department 
of Labor (DoL), and one by the Food and Drug Administration 
(FDA). Five of the seven Federal Guides, presently in-effect 
and Presidentially-approved, were promulgated by the former U. 
s. Federal Radiation Council (FRC) and the remaining two by 
the EPA Administrator, who was given the responsibility to 
"advise the President on radiation matters directly or 
indirectly affecting health" in 1970. 

Selection of a "standard" to be in the compilation 
required that it be (i) published in the U. S. government's 
Federal Register as a proposed or final "standard"; (ii) 
provide basic public health protection requirements, i.e. not 
implementing requirements; and (iii) not be limited to 
controlling exposures within the agency promulgating the 
standard. This latter criterium excludes, for example, those 
requirements published as "orders" by the Department of Energy 
(DoE) that control exposures in facilities owned by them. It 
is noted, however, that intraagency requirements are expected 
to be in accord with Federal guidance, such as that published 
by the FRC in 1960 which places limits on population exposure 
and that published by EPA in 1987 which provides the basic 
protection requirements for occupational radiation protection. 

The following information is addressed in each Fact 
Sheet: 

* Short and full title; 
* Authorizing statute: purpose and radiation 

protection provisions; 
* Responsible agency(s); 
* Description of standard: effective dates and 

background, general radiation provisions, 
rationale for detailed requirements, description 
of detailed requirements; 

* Related standards. 

Exposure concerns addressed by a specific standard or by 
multiple standards are: 

* Occupational and general population; 
* Occupational; 
* Radon in underground mines; 
* Levels of certain internal emitters in the 

environment, including TRU nuclides; 
* Protective action guides for certain 

radionuclides; 
* Specific standards to control air emissions; 
* At-the-tap drinking water; 

~14 11 



* Uranium fuel cycle, excepting mines and Rn from 
uranium mill operations; 

* U and Th mill tailings: active and inactive; 
* Mining effluents and underground injections; 
* High-level and TRU waste operations and disposal; 
*" Ocean dumping; 
* Low-level waste; 
* ALARA design for commercial light-water reactors; 
* Electronic consumer products: TV receivers, x-ray 

diagnostic and security systems. 

Review of the Fact Sheets shows no clear intent to be 
consistent in either the statutory language or the explicit or 
implicit protection objective of the standard. For example, 
while the Atomic Energy Act, under which most of the EPA and 
NRC standards are established, leaves to the regulatory 
agencies the manner in which the objective is achieved to 
"protect health or minimize danger to life or property", the 
Clean Air Act and the Safe Drinking Water Act administered by 
EPA requires them to set limits that would avoid "any adverse 
effect on the health of persons" and "with an ample margin of 
safety." As a result of the wide interpretation of these 
"instructions" to agencies, agencies use an equally wide range 
of rationales in developing and promulgating standards. 
Control technology capabilities and cost (ALARA) may or may 
not be a consideration;, current emission levels may be the 
basis; or a level of health risk expressed as annual or 
lifetime risk may be the operative criterium. overall ALARA 
and non-degradation appear to be the principle criteria for 
protecting members of the general public and a level of 
lifetime risk no greater than that found in other industries 
for workers. 

"Standards" are of the "umbrella" (general) form, such as 
an annual population limit for all sources of 5 mSv [0.5 rem] 
in the proposed revision of 10CFR20, or very source specific, 
such as ca. 0.7 Bqjm(2)-s [20pCijm(2)-s] limiting radon 
emission from a disposal site for uranium mill tailings. The 
standards may be expressed in a variety of ways: activity per 
unit volume or mass, dose equivalent or effective dose 
equivalent, exposure or emission rate, total activity released 
over a period of time (e.g. 10,000 years), or activity per 
unit of annual electrical power produced. Standards to control 
exposures in the work place are near identical, limiting the 
workers annual exposure to 50 mSv [5 rem]. However, numerical 
limits for the general public are highly variable and in some 
instances quite low, for example, the limit for beta particle 
and photon emitters in drinking water is 0.04 msv [4 mrem] per 
year. 

Details of the information contained in the Fact Sheets 
and how the information might be used in examining standards 
applicable to a specific source can be illustrated by 
comparing standards related to controlling the environmental 
releases from commercial light-water nuclear reactors licensed 
by the u.s.N.R.c. 



Shown below are the whole body dose equivalent limits for 
members of the general public. Not shown are the specific 
requirements in the actual operating license that controls the 
emissions from a given nuclear power plant. These 
requirements are stated in the plants Technical Specifications 
and together with the operators' actual procedures further 
control emissions. 

Designation 

Federal Guidance 
{FRC#1) {1960) 

NRC's 10CFR20 
{1960) 

EPA's 40CFR190 
(1977) 

NRC's 10CFR50, 
App. I 
{1975) 

Rationale 

No "undue hazard" 

No "observable 
health effects, 
ample margin 
of safety 

Cost control/ 
risk reduction 
ratio 

ALARA:Design 
and operation 

Whole Body 
Annual Limit 

5 mSv 

5 mSv 

0.25 msv 

0.03 msv 
liquid 

0.05 msv 
air 

The compendium of radiation standards provide CIRRPC with 
the data base necessary for a more detailed evaluation of U. s. 
standards and vital information useful to its policy coordination 
responsibilities. 
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THE USE OF RADIOACTIVE SUBSTANCES IN THE NETHERLANDS 

Jos Th. Hemelaar, Chris J. Huyskens 
Eindhoven University of Technology, Health Physics Division 

P.o. Box 513, 5600 MB Eindhoven, the Netherlands 

INTRODUCTION 

Within the framework to study the possibilities to reduce the amount of low 
and intermediate level radioactive waste, detailed information was collected 
about the use of sealed and unsealed radioactive sources in the Netherlands 
[He84; He87]. 
Information was collected by inquiry amongst licencees (unsealed sources) and by 
studying the outstanding licences (sealed sources). 
Quantities of radioactive materials will be expressed in terms of activity (GBq) 
and in terms of (radio)toxicity (ALI-units). The number of ALI-units is the 
quotient of activity and most restrictive value of Annual Limit on Intake for 
ingestion with respect to the stochastic effects [IC78]. 

Relative distributions are given according to type of practice, to radio
toxicity group and corresponding to the halflife of the respective nuclides. The 
classification of nuclides in four radiotoxicity groups is according to direc
tives of the European Community [EU84]; classification of nuclides according to 
their halflives has been done in five groups; as follows: 
Group A: very high toxicity Tt $ 10 days 
Group B: high toxicity 10 days < Tt $ 100 days 
Group C: moderate toxicity 100 days < Tt $ 1000 days 
Group D: low toxicity Tt > 1000 days; 11/y-emiters 

Tt > 1000 days; a-emiters 

SEALED SOURCES 

Sealed sources are used at approximately 1200 different locations in the 
Netherlands. There are two installations for irradiation purposes with a cobalt 
source of 1.5 107 and 1.5 108 GBq respectively. These are excluded in further 
evaluations. 
Around 15,000 sources comprise a total activity of approximately 6 106 GBq. 
Differentiation per nuclide learns that this activity corresponds to 1 109 times 
the respective ALI values. 
For about 2% of the number of sources the source activity is more than TBq; 
the accumulated activity for these sources is 97% of the total activity. This 
corresponds to 70% of the total toxicity. The 75th percentile value in the 
frequency distribution of the number of sources corresponds to a source activity 
of I GBq. This group represents very low percentage of accumulated activity 
(0.03%) and toxicity (0.1%) (see fig.1). 
For sealed sources the following types of practice are distinguished: 
- measuring and control techniques (me & co) 
- medical (medi) 
- non-medical radiation sources, gammagraphy and neutron generators (rs, gg, ng) 
- education and instruction (edu) 
- electric components, deionisation and luminescence (ec,di,lu) 
- manufacture of consumer goods (cons) 
- a complexity of various types of practices (comp) 
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Fig.1 
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Fig.2 shows that most of the number of sealed sources are used for measuring 
and control techniques (almost 40%) and that they are distributed over 900 out 
of 1200 locations (75%). In terms of activity this type of practice contributes 
less than 5% to the total but in terms of toxicity it represents approximately 
35%. Other high contributions in terms of toxicity are related to irradiation 
sources for medical and non-medical use, respectively 45% and 15%. In terms of 
activity these irradiation sources together contains approximately 80% of the 
total activity. 

Distribution according to radiotoxicity in four groups is given in fig.3. It 
shows for example for group B a number of sources of about 3000 (20%) s5read 
over 420 locations (35%) with an accumulated activity of approximately 5 10 GBq 
(80%) corresponding to a toxicity of 6 108 ALI units (nearly 60%). 

In fig.4 distribution is given according to halflives. It can be seen that 
nuclides with a halflife greater than 1000 days are dominant in all ways. 

The inventory per nuclide learns that the activity is deter~ined for nearly 
100% by Co-60 (80%), Cs-137 (10%) and Ir-192 (10%). 
The important contributions to total toxicity is from Co-60 (60%), Am-241 (30%) 
and Cs-137( 10%). 
With respect to the number of sealed sources the contribution of seven nuclides 
is essential: H-3 and Cs-137 (23% each), Co-60 (15%), Ra-226 (8%), Am-241, Ni-63 
and Sr-90 (5% each). 
Application of computer database techniques resulted in information which is now 
used to improve the effectiveness of the system of licencing and notification as 
well as the efficiency of inspection by competent authorities. 
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Fig.2 Relative distribution of locations, sources, 
activity and toxicity sorted by type of practice 
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Fig.3 Relative distribution of locations, sources, 
activity and toxicity sorted by toxicity group 
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UNSEALED SOURCES 

Unsealed sources are in use at circa 250 different locations. The accumu
lated activity on a yearly base is over 6 104 GBq. Differentiation per radio
nuclide learns that this activity corresponds to app. 4 105 times the respective 
ALI values. 

Table 1 shows the relative dis
tribution of activity and toxicity 
sorted by type of practice. About 
85% of total activity is used for 
medical in vivo diagnostics with a 
corresponding radiotoxicity in 
terms of ALI units of 4 104 (10%). 
In therapy over 1 103 GBq (2%) is 
used on yearly base which corres
ponds to 80% of the total toxi
city, Medical applications all to
gether cover about 90% of both 
activity and toxicity. 

TABLE 1 

Type of 
application 

Medical in-vivo 
Medical therapy 
Medical in-vitro 
Research 
Industrial 
Animal experiments 

Activity 
(%) 

85 
2 
0.1 
6 
6 
0.3 

Toxicity 
(%) 

10 
80 

2 
6 
0.4 
1 

~------------------------------~ 

Distribution according to radiotoxicity is shown in table 2. The major 
contribution (95%) to total activity is from nuclides of group D, but in tex~s 
of toxicity group B nuclides are dominant (about 90%). 
From table 3 one can see that unsealed radioactive substances with a halflife 
less than 10 days correspond with approximately 90% of both total activity and 
toxicity. 

TABLE 2 

Toxicity Activity 
group (%) 

A < 
B 3 
c 2 
D 95 

Toxicity 
(%) 

0.5 
92 

3 
5 

TABLE 3 

Half-life 
(days) 

T!::>lO 
lO<T!::> 100 

lOO<T!-:>1000 
~/y T!:>lOOO 
« Tt> 1000 

Activity 
(%) 

90 
0.7 
0.1 
8 
< 

Toxicity 
(%) 

92 
7 
< 
0.5 
0.5 

~---------------------------

'<' means less than 0.05% 

With respect to activity the radionuclides of great dominance are Tc-99m 
(77%), H-3 (8%) and Kr-8lm (7%). Toxicity is mainly determined by the radio
nuclides I-131 (86%), I-125 (6%) and Tc-99m (4%). 
Collected information about the use of unsealed sources provided tangible points 
of application to reduce low level waste in the Netherlands. 
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THE STATE OF RADIATION PROTECTION IN IRAN 

M. Sohrabi 
Radiation Protection Department 

Atomic Energy Organization of Iran 
P. 0. Box 14155-4494, Tehran 

Islamic Republic of Iran 

A national radiation protection authority (NRPA) is a vital 
need in a country to give proper advice on radiological safety and 
protection matters and to enforce rules, regulations and standards 
to rPduce exposure of man and his environment from harmful effects 
of ionizing radiation to a level below which preventing detrimen
tal non-stochastic effects and limiting the probability of stochas
tic effects while allowing useful applications of radiation to be 
advanced for human benefit (1). To achieve this goal, the NRPA needs 
to have governrnentalauthority for regulatory enforcement and it 
should have a qualified leader, experts, proper equipment and dosi
metry services as well as scientific and technical support. 

Historically, radiation protection in Iran can be related to 
when the first x-ray machine was applied for medical diagnosis. How
ever, organized activities were started with the establishment of 
the Tehran University Nuclear Center (TUNC) in 1959, and within a 
broader scope when AEOI research reactor went into operation in 1967. 
Until 1974, the RP activities were limited to those at TUNC and to 
those requested by medical, industrial and research institutions. 

In 1974, the Atomic Energy Organization Law of Iran was ascribed 
the responsibility for radiological safety and protection to the 
AEOI (2). Then this responsibility was assigned by AEOI to the Ra
diation Protection Department (RPD), as the national authority. Its 
main objectives have been to achieve the following: 

-Development of criteria, recommendations, guidelines, rules, 
regulations and standards in radiological safety and protection, 
-Radiation control for production, importation, export, owner
ship or any other related actions regarding radioactive mate
rials and radiation producing machines in the country including 
registration, inspection and licensing, 
-Reseach and development on methods and techniques of internal 
and external dosimetry to promote dosimetry services, 
-Establishment of nationwide dosimetry services for routine and 
emergency personal monitoring, environmental measurements, 
radiation field measurements and instrument calibration, 
-Environmental protection due to natural and man-made sources, 
-Education and training of radiation workers and public. 

The RPD's organization and functions have been divided into 
three main RPD divisions: !-Radiation Protection Control, 2-Radia
tion Dosimetry Research and Development and Services, and 3-Radio
logical Protection of the Environment, the functions and activities 
of each division are as follow: 

!-Although radiation applications are widely spread in Iran in 
the fields of medicine, industry, agriculture, nuclear industry, 
education and research, the applications of x-ray machines and radio
nuclides in medicine predominates. Many types of sources such as 
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high acitvity sources, high energy x-ray machines, neutron genera
tors, neutron isotopic sources, x-ray diffractometers, etc. are 
also applied in industrial radiography, radiation processing, gau
ging, material analysis, etc. Thanks to the Atomic Energy Law of 
Iran which has made radiation control program ea.sy due to require
ments for prior permission from RPD of AEOI for any transactions 
regarding radiation producing sources. In fact opening of any credit 
account in any bank for ordering radiation sources require prior 
permission from RPD of AEOI. So far as the rules, regulations and 
standards are concerned, basic radiation protection standards and 
requirements have been prepared previously which is under revision. 

Eight separate sections, forming the Radiation Protection 
Control Division, have the resposibility over radiology departments, 
nuclear medicine and test laboratories, research and educational 
institutions, nuclear facilities, industrial centers, mines and non
ionizing radiation installations, as well as registration and accoun
ting, and medical surveillance. The Medical Section is responsible for 
periodic examinations of AEOI personnel as well as monitoring medi
cal results of radiation workers across the country and examinations 
of individuals overexposed. Non-ionizing radiation control is not 
well established yet, however efforts are being done to enforce 
NIR regulations. The division also provides dosimetry measurments 
and calculations for pregnant women with medically exposed fetus. 
Efforts have been done by TV programs as well as journal articles 
and posters to reduce such unwanted exposures (4). Also genetically 
significant dose due to medical exposure by x-rays was surveyed and 
found to be about 0.1 mSv (5). 

2-Radiation dosimetry research and development to provide 
nationwide dosimetry services for public and radiation workers is 
the prime responsibility of this division. Five sections deal with 
different aspects of dosimetry for beta, x and gamma, neutrons, alpha 
particles, etc. using film badges,thermoluminescence dosemeters, 
soild state nuclear track detectors, ionization chambers, etc. for 
personnel and environmental dosimetry as well as radiation field 
measurements and calibration of instruments. 

A film badge service provides personnel monitoring services 
to about 7500 persons from 1200 institutions as well as doing 
research and development (6). This service was established by TUNC 
in 1960 and it was transfered to AEOI in 1974. A thermoluminescence 
laboratory also gives dosimetry services to some groups of radiation 
workers as well as environmental monitoring. For neutrons and charged 
particle monitoring, solid state nuclear track detectors are used 
based on research and development done at AEOI (7-9). A neutron 
dosimetry service is being developed based on multi-component albedo 
dosemeters developed at RPD (8,10). Biological dosimetry is also 
provided to some groups of radiation workers especially those being 
overexposed. So far as the public monitoring is concererned, ana
tional indoor radon monitoring program has been set up based on 
electrochemically-etched polycarbonate inside diffusion type cham
bers some results of which are being reported at this conference (11) 
Also, TLD' s and film badges have been accompanied the radon chambers 
for indoor beta-gamma radiation measurements especially in high 
radiation area of Ramsar. Radiation field and instrument calibration 
is based on secondary standard ionization chambers. A joint project 
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with IAEA is also being carried out on SSDL. Many other dosimetry 
projects especially as B.S., M.S. and Ph.D. theses are being carried 
out at RPD. 

3- A nationwide environmental protection against natural and 
man-made sources are being conducted to assess critical radionuclides 
from inside or outside the country's boundaries, critical exposure 
pathways and calculation of population exposure and evaluation of 
annual doses as well as the determination of internal contamination 
by bio-assay techniques and whole body counting are the main respon
sibility of this division. Four sections in this divistion do research 
for radioactive oPtPrmination in air, water, soil, vegetables and 
foodstuff as well as measuring internal contamination to achieve 
above. One of the main functions of the division after Chernobyl 
accident has been environmental measurements and radioactivity 
level control in foodstuff imported to prevent food with radioacti
vity above Iran's Intervention Level. Over 15000 activity and 
spectrometry measurementshave been done after chernobyl. 

Besides the organizational responsibility of each division, the 
education and training is also of primary importance for RPD (12), 
as a part for enforcement of rules and regulations.Such education 
and training is divided into three main categories including: a) 
formal university courses for students in the field of science and 
technology, b) intensive courses for radiation workers, and c) edu
cation of general public. Such educational activities are summarized 
as follow: 

a) The first formal university health physics course was orga
nized by the Tehran University Nuclear Center as a three credit 
hour M.S. level course which is still being taught there. A one and 
half year M.S. program was offered twice in the School of Public 
Health of Tehran University, the first of which was in cooperation 
with WHO in 1973. In 1977, the RPD of AEOI also offered a one-year 
M.S. equivalent program in health physics. At the moment, health 
Physics courses at B.S. and M.S. levels are offered in nuclear physics 
options of physics or nuclear technology programs of almost all uni
versities, as well as Ph.D. level courses at Amir Kabir Polytechnic 
University in collaboration with the Atomic Energy Organization of 
Iran. Besides formal courses, education and training through 
research as well as different level theses projects have been or 
being conducted at RPD of AEOI and other institutions. 

b) Intensive national and international courses have been 
offered on different occasions for radiation workers. As examples, 
a six-week course on "Radioisotope Applications" were offered for 
several yearssince early in 1960's, with emphasis also on health 
physics for medical doctors, scientists and engineers. An inter
national course on "Handling of Radiation Accidents" was offered 
by IAEA at TUNC in 1967. Since t.hen several other intensive courses 
have been offered. In 1987, some national radiation protection cour
ses being conducted monthly, have been organized by RPD of AEOI 
for radiation workers in different fields, consisting of 100 hours 
of theory and practice within three weeks. Over 800 applicants h3ve 
registered. Since September 1987, about 200 radiation workers have 
been trained during five separate courses. 

c) Public education and training have been of great concern to 



RPD, and have been carried out by TV programs, journal articles, 
newspapers, brochures and posters. A formal TV serial was prepared 
byRPD in 1983 in cooperation with National TV Network consisting of 
18 haf-hour programs on radiation protection matters epecially in 
medical applications of x-ray machines and radionuclides. This pro
gram have been very effective for general public and professionals. 

Besides the above activities, some other organizations such as 
the Ministry of Health and Ministry of Labor have had some minor 
activities respectively in medical and industrial aspects of radia
tion protection in some centers under their influence. However, due 
to the Atomic Energy Organi7.ation Law of Iran, rules and regulations 
developed by EAOI are enforced. 

In conclusion, our experiences with such a program as well as 
some personal views can be summarized. Before any rules and regu
lations can be enforced in a developing country, a well-organized 
RP program having a qualified leader,qualified experts, proper 
equipment, maintenace, inspection facilities, motives as well as 
budjet and govenment authority should be developed with emphasis on 
education and training. Although IAEA, WHO or other organizations 
may be effective for education and training, a developing country 
should develop its own potential to do so. A proper personal moni
toring is a vital need. Although film badge is usually considered 
a "poor-man's" personal dosimeter, it still should be preferred 
before one can develop other personal dosimetry systems with self
support. The system of dose limitation including dose equivalent 
limit and derived limits for public should be adjusted for coun
tries facing only the cost part of a nuclear prograM and not the 
benefit side of the coin. In fact, I personally think the dose 
limit for radiation workers and especially the public should be 
decreased from its present limit. So far as the quality factor 
for high-LET radiation especially for neutrons are concerned, the 
Q values recently proposed by ICRP (13) and ICRU (14) should be 
applied. 
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RADIATION PROTECTION IN THE MINISTRY OF NUCLEAR INDUSTRY 

Pan Zhiqian, Li Zhenping and Mao Huanzhanq 
P.O. Box 2102, Beijing, The People's Republic of China 

ABSTRACT 

Nuclear fuel cycle has been established and operated in China. 
The two nuclear power plants being constructed, and more and more 
radioactive isotopes are produced and used year by year. This 
paper introduces on current status for radiation protection in 
nuclear industry as follows: 

1. Administrative and scientific research structures for 
radiation protection in the Ministry of Nuclear Industry; 

2. Development and implement of rules, regulations, guidelines 
and standards concerning the design, construction and 
operation of facilities for radiation protection; 

3. Monitoring techniques and results are described for internal 
and external radiation doses to occupational workers and 
relative quality assurance and principle ALARA are 
involved too; 

4. Environmental radioactive monitoring and public dose assessment 
relating to nuclear industry; 

5. Radioactive waste management practices will briefly be given. 

6. Specialistic education and professional training of management 
operating staff in radiation protection field. 

A large attention has been paid by our Government to radiation 
protection work since founding the Ministry. The principles 
"safety first, quality first" and "radiation prevention leading 
the way" had been worked out and have been implemented strictly, 
and a series of necessary protection measures were taken earnestly, 
so that no acute radiation-induced death was occurred for near 
30 years. A great quantity of radioactive wastes are basically 
handled, treated and conditioned. It is proved through 
environmental survey that no serious pollution was taking place. 

The paper also points out some problems which need to be dealt 
with in the field of radiation protection for nuclear industry. 



REVIEW OF IAEA RECOMMENDATIONS ON THE PRINCIPLES AND METHODOLOGIES 
FOR LIMITING RELEASES OF RADIOACTIVE EFFLUENTS TO THE ENVIRONMENT 

J.U. AHMED 
IAEA, VIENNA 

1. INTRODUCTION 

The limitation of radioactive releases is governed by the basic 
principles of radiation protection as presented in the ICRP Publication 
No.26 and IAEA Safety Series No.9. Under its current progranm\e on release 
limitation the lAEA issued Safety Series No.77 on principles for release 
limitation and Safety Series No.67 on protection against transboundary 
radiation exposures. A Safety Guide on global upper bounds [1] is now 
nearly ready for publication, and, to guide on the application of Safety 
Series No.77, four documents are in various stages of completion [2,3,4,5]. 

2. RELEASE LIMITATION 

A practice as a whole should be justified with respect to the net 
benefit versus detriment, and the control of releases must be optimized. 
The principal annual dose limit for members of the public given in the 
ICRP's Paris Statement (1985) is 1 mSv. Since this limit is individual 
related, irrespective of source, account must be taken of all sources, 
present and future. For this reason a source related limit, lower than 
the dose limit and called the source upper bound, must be set by the 
competent authority as the boundary condition for optimization. 
Therefore, the primary dose limit cannot be used in the design of nuclear 
installations or for planning operations. When establishing 'source upper 
bounds' the authorities should consider exposures from foreseen global and 
regional sources, and also leave some margin for unforeseen practices in 
the future. The competent authority may choose a fraction F of the dose 
limit to arrive at the source specific upper bound (Hua> given by: 

HUB F Hlimit - Hregional Hglobal 

Authorized limits for release are set by competent authorities taking 
many factors into account. From radiation safety considerations the 
release limit would be the result of satisfying both the upper bound and 
the optimization requirements carried out under the constt·aint of the 
upper bound. 

The annual release upper bound may be derived from the dose upper 
bound by use of the overall transfer factor fjkl• where j is the 
population group, k is the release mode and 1 is the radionuclide. Then, 
if no other radionuclides are released, the release upper bound R*kl for 
a critical group j' for radionuclide 1 is: 

H 
____!:!!! 

fj'kl 

Normally the situation is much more complicated. When there are 
several release modes k, subject to a conm\on release limitation, but 
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still only one radionuclide 1, it is necessary to prescribe a set of 
release upper bounds R*kl such that 

L fj'kl R*kl ~ HuB 
k 

When a mixture of radionuclides 1 contributes significantly to the 
exposure of the group j' that is critical for the mixture and release 
modes, the R*kl values must satisfy the condition: 

I I 
k 1 

fj'kl R*kl ~HuB 

This condition only defines sets of R*kl values that, together, 
constitute a release at the upper bound. When different radionuclides as 
well as different release modes affect different critical groups then a 
limitation based on a realistic critical group may become complicated. 
Two simplifications are possible: (1) to postulate the release modes and 
radionuclide compositions that are most likely, and to identify the 
relevant critical group j", and then to calculate R*kl; or (2) to define 
a hypothetical critical group assumed to have all the characteristics and 
exposure conditions of the various critical groups and then to calculate 
R*kl by using the condition: 

L L 
k 1 

fj"kl R*kl ~ HUB 

Through optimization a new release R' is derived which will result in 
a collective dose less than or equal to that associated with R*, and must 
also satisfy the condition: 

L L fj'kl R'kl ~HuB 
k 1 

The competent authority may select the optimized control option and 
set an authorized release limit close to R' but must never set the limit 
higher than R*. The authorized limits must make allowance for variations 
and uncertainties deriving from fluctuations due to operational variations. 

3. TRANSBOUNDARY RADIATION EXPOSURES 

Some practices may give rise to radiation exposures beyond national 
frontiers. National authorities should apply some restrictions to limit 
the transboundary components of releases. To optimize by using 
cost-benefit analysis, a monetary cost Y has to be assigned to the 
radiation detriment, such that Ya = a S, where Ya is the 
cost of the objective health detriment and S is the collective dose. 
Non-objective health detriments such as anxiety or risk aversion may also 
be considered by including Y~ such that Y = Ya + Y~, but 
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for transboundary radiation protection it is essentially the Yor. which 
is important. Also, different costs might be assigned to the collective 
dose contributions inside and outside a country through the use of 
different values of alpha, so that Yor. = or.n Sn + or.t St 

where n and t denote 'national' and 'transboundary' respectively. 

The value of or. may be determined by a method based on direct 
calculation of the loss of economic output - the 'human capital' 
approach. The expected loss of healthy life attributable to a radiation 
dose of 1 man.Sv, averaged over a large population, is about 0.4 
man-years. On this basis, the human capital approach would give a minimum 
value of alpha which would be given by: 

or.min [US$/man.Sv] = 0.4 [man-years/man.Sv] x I [US $/man-years] 
+ C [US$/man.Sv] 

where I is the per caput gross national product (GNP) and C is the cost of 
additional medical care per man-sievert. 

One basic reconm1endation of the IAEA is that the monetary value 
assigned to the unit collective dose for the purposes of costing 
transboundary collective doses should be no less than the value used for 
the national collective dose, i.e. or.t ~ or.n provided 
that or.n > or.t min, otherwise or.t ~ or.t min, where or.t min 
is the reconuuended minimum value of or.t. 

The value reconuuended for or.t min is US$3000 per man-sievert at 
1983 prices. It is anticipated that national authorities in affluent 
countries would find it appropriate to use substantially higher values for 
or.n and consequently also for or.t· 

4. REGIONAL AND GLOBAL UPPER BOUNDS [1] 

Regional and global upper bounds should be fractions of the primary 
dose limit and will be less than the source upper bound, subject to the 
constraint that: 

HuB + PHuB regional + qHuB global ~ FHlimit 

where p and q are the fractions of the regional and global dose upper 
bounds allocated to sources other than the one under consideration. 

For regional upper bounds separate regions and separate regional 
upper bounds may need to be specified for releases to the atmosphere and 
releases to the marine environment, and separate dose upper bounds 
specified for releases to particular rivers. Account should be taken of 
relevant existing regional agreements. For sea dumping the source upper 
bounds for specific dump sites and regional upper bounds for ocean areas 
would need to be established by agreement between the countries within or 
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bordering the area. 
bound for use in all 
sea dumping for use 
dose upper bound it 
future practices. 

However, it would be advisable to have one upper 
regions and this would be the global upper bound for 

in all regions. In establishing an overall global 
will be necessary to apportion among present and 

5. METHODS FOR INDIVIDUAL AND COLLECTIVE DOSE ASSESSMENT [2] 

The estimation of individual dose is generally based on models and 
selected parameter values likely to lead to conservative assessments of 
actual doses. However, for assessing collective doses different parameter 
values, and in many cases also quantitatively different models, may be 
needed. For the steady state situation the concentration factor (CF) 
method is most widely used, and is adequate and preferable for assessing 
the consequences of planned routine continuous releases. For short, 
unplanned releases or when radionuclides from planned releases accumulate 
in the environment or persist for long periods after introduction, it may 
be necessary to introduce time dependence into the CF method or to use 
more complex time dependent models - the systems analysis approach. 

In assessing the exposure of the general public, account has to be 
taken of the age of the exposed population, the chemical form of the 
radioactive material and effective doses per unit intake appropriate to 
people of different ages. In assessing collective doses, it is generally 
adequate to use annual limits on intake values for adults only. Age and 
sex differences will, however, affect the accuracy of the conmtonly used 
dose conversion factors given in ICRP Publication No.30 for adults, and 
therefore factors appropriate for the age group concerned should be used 
in most applications. 
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APPLICATION OF THE IONISING RADIATIONS REGULATIONS 
1985 TO A RESEARCH ESTABLISHMENT IN THE UK 

Dr I Ashton and Dr JMG Walker 
The Wellcome Research Laboratories, Beckenham, Kent, UK 

Three important reasons for the UK Health and Safety 
Executive (HSE) to embark on the preparation of the Ionising 
Radiation Regulations were: 

1 the International Commission on Radiological Protection 
( ICRP) Publication 26 revised the basic recommendations 
for radiation protection on which national provisions are 
based. 

2 As members of the European Commission the UK is bound by 
the Euratom Directives to align its national legislation 
with other member states. The Directives lay down the 
basic safety standards for the health protection of the 
general public and workers against the dangers of 
ionising radiation. 

3 The UK Health and Safety at Work etc. Act 197 4 allows 
outdated legislation to be progressively replaced by a 
system of regulations and approved codes of practice 
designed to maintain or improve the standards of health, 
safety and welfare in the workplace. 

After a lengthy consultation period with industry, trade 
unions and independent experts the Regulations were made by 
the UK Secretary of State for Employment and came into 
complete operation on 1st January 19~6. They are supported by 
a Code of Practice approved by the Health & Safety Commission 
(HSC) which provides practical guidance on compliance. 

The Regulations extend to almost all places of work in 
the UK in which ionising radiations are used. The same basic 
requirements are applied to large industrial sites such as 
nuclear power stations or to persons using ionising radiations 
in teaching, research or medical applications. They impose 
duties on employers to protect employees and other people by 
keeping exposure as low as reasonably practical. They also 
impose duties on employees in the conduct of their work. In 
total there are 41 Regulations divided into nine Parts and 
supported by ten Schedules. They are enforced by the UK 
Health and Safety Executive (HSE). 

The Wellcome Research Laboratories (WRL) is the major R&D 
centre of The Wellcome Foundation Ltd in the UK. Its 
activities are directed towards the discovery and development 
of new medicines, vaccines and diagnostic materials and it 
employs 1500 people. About 400 of them, covering many 
scientific disciplines, use ionising radiations as tools in a 
variety of biological, biochemical and pharmacological 
techniques. In the past radiological protection has been of a 
good standard, thus the major problems with the application of 
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the new Regulations were the modification of practices and the 
increased administration required to record compliance. 

The administration of the Regulations and integration of 
radiological protection procedures throughout the Site is 
controlled by the Company's Health and Safety Services' staff. 
The key post being the Radiological Protection Safety Officer 
(RPSO) who is advised by an external consultant Radiation 
Protection Adviser (RPA). Operational responsibility for 
safety resides with the line management and individual worker. 
Within departments daily supervision of radiation work is 
provided by a Departmental Radiation Protection Supervisor 
(DRPS). In effect the RPSO and 23 DRPS's undertake the duties 
of the Radiation Protection Supervisor stipulated by the 
Regulations. The Parts of the Regulations that affect WRL 
operations are as follows: 

PART I. INTERPRETATION AND GENERAL CONDITIONS 

These regulations define the scope of and terms used in 
the legislation and the notification of work to the HSE. 

To ensure tight control at WRL, all persons using 
ionising radiation have to register with the RPSO, so that the 
H&S Services are aware of the location and type of all work 
being undertaken. 

PART II. DOSE LIMITATION 

Employers ~re required to restrict as far as is 
reasonably practicable the doses received by employees and 
other persons. The means proposed to achieve this are 
engineering controls and design features including shielding, 
containment of radioactive substances, ventilation and the 
provision of safety features and warning signs. 

Most work with unsealed sources is carried out in fume 
cupboards behind appropriate shielding. In addition, safe 
systems of work in the form of Site and Departmental Local 
Rules (covering experimental procedures, safe access to, 
manipulation of and storage of sources, hygiene, 
decontamination and waste disposal) and appropriate protective 
equipment are provided. Compliance with these features is 
monitored by the RPSO and DRPS. 

To ensure that dose limits are not exceeded internal and 
external personal dosimetry is employed. 
specify dose limits for the whole body, for 
and tissues, and for the lens of the eye. 
set for women of reproductive capacity. 

The Regulations 
individual organs 
Lower limits are 

PART III. REGULATION OF WORK 

Areas in which persons are likely to exceed specified 
proportions of the dose limits have to be designated by the 
employer as 'Controlled' or 'Supervised' areas. The detailed 
criteria to be used are complex and allow for the external 
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radiation hazard, the internal radiation hazard and the 
combination of both. 

As the use of sources at WRL fluctuates, all areas in 
which unsealed sources are used are classed as 'Supervised' 
areas. Only a few areas are designated as 'Controlled'. 
These are mainly storage areas and work areas in which 
quantities of isotopes persistently exceed the upper limit for 
supervised areas, e.g. fume cupboards and laboratories 
involved in radiochemical synthesis or iodination procedures. 
Access to controlled areas is restricted to 'Classified' 
workers and to persons working to a written system of work 
which can be shown to limit their exposure. 

The Site and Departmental Local Rules are designed to 
enable the employees to carry out work within the dose limi~~ 
given in the Regulations. This allows the use of 7.5~Sv.h 
which ~;_la tes to three tenths of the whole body limit of 
50mSv.y as the operational standard for the external 
radiation dose rate at the boundaries of 'Control leg{ areas. 
To ensure exposure of other people is low, 2.5~sv.h is the 
external radiation dose rate for the boundaries of a 
'Supervised' area e.g. a biochemical laboratory. 

All registered workers undergo 
radiation protection and safe working 
developed and run by H&S Services, but 
carried out by each department. 

formal training in 
procedures on courses 
functional training is 

PART IV. DOSIMETRY AND MEDICAL SURVEILLANCE 

These regulations require the monitoring of the doses 
received by classified persons and certain other employees and 
the maintenance of dose records (for at least 50 years) by an 
HSE approved dosimetry service. 

On registration each worker is categorised for personal 
dosimetry based on the type and quanti ties of sources to be 
used and the nature of the work. If the employee is likely to 
exceed three tenths of a set dose limit they are designated as 
Classified Persons who have to undergo more rigorous dosimetry 
and medical surveillance. 

Less than 10 of our 400 registered workers are classified 
because mas~ of 3~e ~~~k at4WRL inr.olv~s the use of ~nsealed 
sources (ma1nly P, I, c and H) 1n tracer exper1ments. 

Film badges and extremity TLD straps are used to monitor 
doses. These are supplied and analysed by the National 
Radiological Protection Board on a 4 week cycle. Small pocket 
monitors with pre-set alarms are used for the daily monitoring 
of operators of large sealed sources or X-ray fluoroscopes. 
The dosimetry service is administered by the RPSO. Quarterly 
and annual doses are calculated and the records archived for 
the statutory period. Termination records are prepared when 
an employee leaves. 
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Medical surveillance of registered workers is carried out 
by the Site Occupational Health Physician. The health record 
of Classified Persons, which must be kept for 50 years, is 
updated every 12 months, though a medical examination of the 
individual is not carried out unless personal dosimetry or 
other factors suggest that it would be advisable. 

PART V. CONTROL OF RADIOACTIVE SUBSTANCES 

This Part regulates the use of sealed and unsealed 
sources and defines the requirements for stock control. 

The majority of sources at WRL are unsealed (e.g. 
labelled compounds or free isotopes) . The system of 
accounting for all sources is administered by the RPSO to 
ensure that the limits certified for the Site are not 
exceeded. The system uses an IBM PC and LOTUS software to 
track all acquisitions, stock levels, movements and disposals 
collated from monthly returns made by each department. These 
records are kept for 2 ¥ears and_t~ss of stock above certain 
quantities (e.g. 5 x 10 Bq for I) must be reported to the 
HSE. 

PART VI. MONITORING OF IONISING RADIATION 

Monitoring of the levels 
'Controlled' or 'Supervised' area 
being kept for at least two years. 

of radiation in each 
is required with records 

The Site Rules demand that working areas and adjacent 
areas are monitored after the completion of each experiment 
and decontaminated if required. Hand held monitors or wipe 
tests are used. Monthly grid monitoring is carried out in all 
working areas with emphasis placed on those most likely to be 
contaminated. All areas external to working areas (e.g. 
offices and corridors) are monitored on a 3 monthly basis. 

All monitoring equipment is tested annually. As WRL is 
liberally provided with monitors, periodic testing is a 
significant burden and has been contracted out. 

PART VII. ASSESSMENT AND NOTIFICATIONS 

Hazard assessment is an important requirement. At WRL it 
occurs when a person seeks registration as a radiation worker, 
when new work is introduced and for major changes in existing 
work or facilities. Contingency plans for dealing with 
emergencies are developed and incorporated into the Local 
Rules. 

Although complex and procedurally demanding, The 
Regulations combine many aspects of good practice that 
responsible UK establishments have always observed. 



LICENSING REQUIREMENTS FOR USERS OF IONIZING RADIATION 
SOURCES IN SOUTH AUSTRALIA: 

TRAINING COURSES AND ASSESSMENT PROCEDURES 

G Bibbo and T Passmore 
South Australian Health Commission 

GPO Box 1313 
ADELAIDE SA 5001 

ABSTRACT 

South Australia recently replaced its 1962 ionizing 
radiation legislation with a new Radiation Protection and 
Control Act. The new legislation does not include any 
transition provisions for licences. That is, the holder of a 
licence under the previous legislation does not receive any 
preferential treatment when his application for a licence is 
considered under the new legislation In fact, the applicant 
cannot be granted a licence under the current legislation 
unless he has: 

1. a "prescribed qualification" such as a diploma in 
radiography for a radiographer, or 

2. "appropriate knowledge of the principles and practices of 
radiation protection to carry on such activities". 

For any category of persons who do not have a prescribed 
qualification the only route by which a licence is granted is 
by formal assessment. It, therefore, has been necessary to 
provide training courses and formal assessments for various 
categories of professionals. Some of the features of the new 
legislation and the difficulties encountered in implementing it 
are described. 

INTRODUCTION 

South Australia has introduced new controls over the use 
of ionizing radiation: the Radiation Protection and Control 
Act, 1982, and its Ionizing Radiation Regulations, 1985, which 
became effective on 1 April 1986. These replace the 1962 
legislation which did not require any test of competence to be 
completed before an applicant was licenced. 
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The new legislation controls all aspects of the use of 
X-ray equipment and radioactive substances, including 
radioactive ores. The Act requires X-ray apparatus, sealed 
sources and premises upon which unsealed sources are kept or 
handled to be registered and the users of ionizing radiation to 
hold an appropriate licence issued by the South Australian 
Health Commission. 

LICENSING REQUIREMENTS 

The legislation has two unique features: 

1. it incorporates 
principle, and 

the general objective of the ALARA 

2. does not include any transition provisions for licences. 
That is, the holder of a licence under the previous 
legislation does not receive any preferential treatment 
when his application for a licence under the new 
legislation is considered. In fact, the Act prevents the 
Commission from issuing a licence to anyone unless the 
individual concerned has demonstrated competence in 
radiation protection principles and practices relevant to 
the activities he intends to carry out. 

There are only two routes by which competence in radiation 
protection can be demonstrated: 

1. by formal assessment or 

2. by having a prescribed qualification. In this case the 
Commission accepts that members of some occupational and 
professional groups have sufficient training in radiation 
protection for a licence to use ionizing radiation to be 
granted without further training or assessment. 

The legislation also makes provision for certain classes 
of people to be exempted from holding a licence. These include 
persons working in low activity laboratories under the 
supervision of a licensed person in charge of the laboratory, 
or with closed cabinet X-ray units, or enclosed X-ray analysis 
apparatus. 

PRESCRIBED QUALIFICATIONS 

Several occupational or professional groups have 
prescribed qualifications. These are: diagnostic and therapy 
radiographers, radiologists, radiotherapists, veterinarians, 
dentists, dental therapists and dental assistants. For 
chiropractors the only recognised qualifications are those from 
the Phillip Institute of Technology, Victoria and those from 
the Sydney College of Chiropractic, New South Wales. 
Practically all of the prescribed qualifications are medical. 
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ASSESSMENT 

For users of radiation in industry and science and in some 
medical areas, there were no qualifications which adequately 
demonstrated competence in radiation protection. Hence there 
was a need for assessment of these occupational and 
professional groups. 

Between mid 1983 and the end of 1985, written examinations 
were set covering a variety of areas of speciality. The 
examination papers incorporate a core of radiation safety 
knowledge, particular aspects relating to each area of 
speciality, and knowledge of regulatory requirements. As at 
the end of 1987, the Commission provides formal assessment for 
15 categories of non-medical speciality such as borehole 
logging, industrial radiography, users of unsealed radioactive 
substances and installers of medical apparatus. 

In 
medical 
licence 
medical 
written 

the medical area the Commission provides assessment for 
specialists, such as cardiologists, who are seeking a 
to operate fluoroscopic apparatus. In this case the 
specialists need to complete successfully both a 

and practical examination. 

TRAINING COURSES 

It was realised from the outset that to equip persons not 
holding prescribed qualifications to pass the appropriate 
assessment, training courses would need to be provided. A 
number of courses were organised and targeted to particular 
groups of people. In planning the courses, several options 
were considered. Techsearch Inc., the commercial arm of the 
South Australian Institute of Technology, was approached to 
organise and run courses for users of sealed sources and 
unsealed radioactive substances. A 3-day course for sealed 
source users is run regularly. It assumes no previous 
background in physics or radiation protection. 

The University of Adelaide Postgraduate Committee in 
Dentistry has run courses for dentists who graduated prior to 
1984 and who wish to operate OPG X-ray apparatus. This 
training is now incorporated in the undergraduate course. 

Under the previous legislation a large number of general 
practitioners and registered general nurses were taking 
radiographs. To enable these health professionals to continue 
to provide a radiographic service, particularly in country 
areas and to be licensed under the current legislation, the 
Commission arranged a number of courses of instruction in basic 
radiography both in regional centres and in Adelaide. To the 
end of 1987, 19 training courses have been held: 8 in regional 
centres and 11 in Adelaide. So far 249 general practitioners 
and 118 nurses have been licensed. Of these, 197 general 
practitioners and 112 nurses are practising outside the 
Adelaide Metropolitan area. 
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DIFFICULTIES ENCOUNTERED IN IMPLEMENTING 
THE LICENSING REQUIREMENTS 

During implementation of the new licensing requirements a 
number of difficulties were encountered. The major ones were: 

1. the preparation and management of large numbers of 
different types of examinations to cater for the diverse 
use of ion~z~ng radiation in industry, science and 
medicine with limited resources and within a short period 
of time. 

2. preparation and organisation of large numbers of courses 
for general practitioners and registered general nurses in 
a short period of time. 

3. antagonism against the legislation. This has been the 
most difficult problem to deal with and has arisen mainly 
through the absence of transitional provisions in the 
legislation. Some previously licenced individuals had 
been using ionizing radiation for up to 40 years! 

CONCLUSION 

In South Australia as at the end of November, 1987 there 
are over 2220 persons licensed to operate X-ray equipment and 
over 620 licensed to use or handle radioactive substances. 

A great effort has been put into implementing the new 
legislation both in licensing people and in registering X-ray 
equipment, sealed sources and premises upon which unsealed 
radioactive substances are used. The indication so far is that 
the standard of radiation protection in South Australia has 
improved with the introducton of the new legislation. However, 
it is neither possible to quantify the improvement nor to 
determine its cost! 
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APPLICATION OF INTERVENTION LEVELS IN SWEDEN AFTER CHERNOBYL 

Gunnar Bengtsson 
National Institute of Radiation Protection, Stockholm, Sweden 

PURPOSE OF INTERVENTION LEVELS 

The International Commission on Radiological Protection, ICRP, 
has stated that the purpose of intervention in case of an accident 
should be that the reduction in detriment achieved by the counter
measure should more than outbalance the detriment carried by the 
countermeasure itself (1). This has later been elaborated into 
three goals for intervention (2): a) avoid serious nonstochastic 
effects; b) achieve a positive net benefit to the individuals in
volved by limiting the risk from stochastic effects; and c) limit 
as far as reasonably practicable the overall incidence of stochastic 
effects. 

Item b) has been criticised as lacking clarity and is likely 
to be revised in the review process started by the ICRP after the 
Chernobyl accident. In general, however, the three goals have been 
accepted as a basis for international recommendations about counter
measures following an accident. 

A large number of factors influence the achievement of the 
three goals a), b) and c) following a reactor accident, e. g. the 
time pattern of the releases, the condition of the reactor, the 
number of people and domestic animals affected by a decision, the 
sheltering capacity of buildings, the time of the day or year, the 
weather and traffic conditions and so on. In the case of the 
consequences of the Chernobyl accident in Sweden, non~tochastic 
effects were never possible so the only goals applicable for 
countermeasures were a) and b), both related to stochastic effects. 
The international recommendations recognise the many factors relevant 
to the decision in such a case and suggest a decision aiding tool 
in the form of a range of individual radiation doses, within which an 
intervention level of dose (IL) should be chosen for the particular 
situation at hand. The simplest expression of this dose range is 
for the countermeasures of sheltering and control of foodstuffs, 
for which the range is an effective dose equivalent of 5 to 50 
millisievert (mSv). In the case of foodstuffs this applies to the 
first year after the accident. With the aid of suitable conversion 
factors, an intervention level of dose can be converted to a derived 
intervention level (DIL) for e. g. an initial external radiation 
dose equivalent rate from ground contamination, or an activity 
concentration in food (3). 

INTERPLAY BETWEEN RADIATION PROTECTION AND NATIONAL POLITICS 

In the initial phase of the Chernobyl accident, the recommen
dations about the range of individual doses were explained to the 
Swedish minister of the environment and energy, who represented the 
government. She was told that the radiation protection authority 



was at liberty to aim for an intervention level of dose within this 
range. A low intervention level of dose would entail costs of many 
millions of US dollars but would give the population the informa
tion that the radiation risks were taken very seriously. 

The response from the minister was very unequivocal. She would 
back up any decisions that were in line with the traditionally 
strong concern for environmental contamination in Swedish politics, 
even at the expense of considerable costs to the government budget. 
This meant that in the following, the authority aimed for the lower 
limit of the range of individual dose when deciding upon counter
measures and derived intervention levels. 

EXAMPLES OF COUNTERMEASURES 

The attached table contains a list of several countermeasures 
discussed following the Chernobyl accident. The purpose of the 
countermeasure is given as well as various factors entering into 
the decisions about its application. The experiences after the 
countermeasure was instituted are reported, including the dose 
savings and their estimated costs. 

DISCUSSION AND CONCLUSIONS 

The table shows that many decisions on countermeasures were 
based on scarce information about radiation doses. The need for 
countermeasures that can be simply explained conflicts with the 
desire to adapt decisions to radiological conditions. It was diffi
cult to adjust decisions to such factors as sex, age, status of 
health and geographical conditions even though this would have been 
desirable according to the ICRP recommendations. 

The conclusion is therefore that preestablished intervention 
levels tend to focus interest on the individual radiation doses and 
hamper the consideration of other factors which are important for 
the achievement of the goals b) and c) give above. Nevertheless, 
the discussion of the role of intervention levels in relation to 
other factors has an important didactic role in the emergency 
organisation. 

REFERENCES 

1. Recommendations of the International Commission on Radiologi
cal Protection. ICRP Publication 26, Annals of the ICRP, 1 
(3), Pergamon Press, Oxford (1977). 

2. Protection of the public in the event of major radiation 
accidents: principles for planning. ICRP Publication 40, 
Annals of the ICRP, l! (2), Pergamon Press, Oxford (1984). 

3. Derived intervention levels for application in controlling 
radiation doses to the public in the event of a nuclear acci
dent or radiological emergency: principles, procedures and 
data. Safety Series No. 81, IAEA, Vienna (1986). 



CJ) 
,( 
0 

Counterrneasure 

E~£~~~~~9~~!~~-~~-~~~y 
indoors to secure time 
for-consideration of 
further counter
measures 

Recommendation not to 
take-iodine-tabiets-
to-avoid-adverse-re-
actions 

Recommendation not to 
trave1-cioser-to-cfier-

~9~Yl~h~~=IQQ=g~=~~~-
not to abstain from 
~~~~~!!I~g=~9=~~~~~ 
more distant than 500 
g~-to-avoid-possibie-
exposures without be
ing overcautious 

Recommendation not to 
drink-rainwater-and-eat 
f~~~h=!~~fy=~~g~~~~!~~-
to avoid ingestion of 
shortlived radionucli
des 

Factors entering the decision 

o respiratory protection 
o expected additional ground 

contamination next few days 
o holidays coming up 
o monitoring still incomplete 
o IL 5 mSv in one day 
o DIL 0.15 mSv/h from ground 

contamination 

o pharmacy sales were booming 
o the public was concerned about 

the lack of tablets 
o maximum thyroid dose estimated to 

be less than 5 msv 
o lower limit of dose range for IL 

of 50 mSv was not explicitly 
quoted 

o very little was known about radia
tion doses near Chernobyl 

o exposure times would in general 
be less than a few weeks 

o additional information might become 
available about radiation doses 

o assuming inverse proportionality 
to distance, first week doses would 
be 5 mSv and 1 mSv, respectively: 
no IL was quoted 

o high activity levels reported in 
rainwater 

o very few leafy vegetables were ex
posed since growing season had 
not started 

o countermeasure was very inexpensive 
and thus considered to keep radia
tion doses as low as reasonably 
achievable; no IL was quoted 

Implementation and result 

DIL was never reached but one 
measurement late one night indi
cated the possibility. Before 
next morning this measurement 
was shown to be erroneous. 

Recommendation widely published. 
Typical reaction from the public: 
We still want to buy tablets to 
keep in case the situation im
pairs. Later enquiry showed less 
than 1 % took iodine pills, 10 % 
considered buying pills but most 
of these refrained from buying. 

Travellers generally more cau
tious than the spirit of the 
recommendation. Later information 
showed doses at distances above 
100 km to be no higher than the 
highest doses in Sweden. 

Countermeasure criticized for 
having increased public concern 
unnecessarily, particularly for 
vegetables with small annual con
sumption, such as parsley. 
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Countermeasure 

Recommentation not 
~~=~~~=§~~~~~=g~~~~ 
outdoors to decrea-
se-Iodine levels in 
milk and later 
iodine and cesium 
levels in milk and 
meat 

Recommendation not 
to-market-food-with 
eievated-cesiuffi-con
tent-to-IIffiit-Indi= 
vidual effective 
dose equivalents 

Recommendation for 
~e~~I~~=e~~~~~~I~~ 
for farm and other 
workers-to-ensure
protection when wor
king with air fil
ters, hay slaughter, 
leaf raking, ash 
handling etc. 

Factors entering the decision 

o grazing season was just about to 
start 

o costs could rapidly rise to 
millions of US dollars per week 

o measure judged to be very effici
ent with respect to iodine, and 
later necessary to ensure compli
ance with OIL for cesium in milk 

o IL for I-131 was 50 msv to 
infant thyroid 

o OIL for I-131 was 10 kBq/sqm 
ground area or 3 kBq for the 
grass collected from 1 sqm 

o OIL for cesium was to be derived 
from special test farm experiments 

o implications for Sweden's large 
international food trade 

o IL 5 msv in first year, 1 msv 
following years 

o OIL 200 000 Bq cs-137 with other 
nuclides additional, as intake in 
the first year; 40 000 Bq following 
years 

o OIL 300 Bq/kg for all foods in the 
first year; changed to apply to 
basic foods only in the following 
years with OIL for other foods 
being 1500 Bq/kg 

o large groups exposed who were not 
tradiational radiation workers 

o Implementation the responsibility 
of the occupational health authori
ty which had little experience of 
radiation 

o LI 5 mSv first year 
o OIL 0.02 mSv/h at 1 m distance 

from the source 

Implementation and result 

Very extensive measurements led to a 
gradual lifting of the recommenda
tion. Iodine was replaced by cesium 
as the main problem after about 2 
weeks. The recommendation was lifted 
from the last parts of the country 
after about two months. Thyriod doses 
were less than 5 mSv. About 100 manSv 
were averted at a cost of several hun
dred thousand US dollars per manSv, 
but cost estimates have large uncer
tainties because of the difficulty to 
account for the costs saved due to ab
sence of decreased milk consumption. 

Initially strong public adherence to 
OIL for activity concentration in food. 
After about a year more understanding 
of the significance of annual intake 
limitation. Some 10% changed their food 
habits significantly and body burdens 
of cesium as a mean for sweden wereone
third of those predicted. Effectivedose 
equivalents were less than 1 msv first 
year but may for special groups reach 5 
mSv following year. About 500 manSvwere 
avertad first year at a cost of about a 
hundred thousand dollars per mansv. 

Extensive inquiries to the occupatio
nal health authority. Respiratory 
protection and work planning were main 
measures. Studies of farmers revealed 
no elevated internal contamination 
with cesium in spite of outdoor work 
without special precautions i areas 
with ground contamination of about 
100 kBq/sqm. 
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ABSTRACT 

For more than 20 years, Switzerland has devoted great atten
tion to the emergency organization for the protection of the pub
lic in case of an increase in radioactivity (following accidental 
explosion of nuclear weapons or accidents in a nuclear power 
plant). The concepts intensively elaborated within the last ten 
years have on the whole been efficient in the case of the radioac
tive fallout caused by the accident in Chernobyl. However, some 
improvements were necessary in order to bring together the techni
cal side of the radiation protection and the political authorities 
in the decision making concerning protective measures for the po
pulation and in their implementation. The information of the pub
lic has been improved as well. This contribution will show the 
most important elements of the emergency organization. 

1. INTRODUCTION 

L'experience acquise en Suisse a la suite de !'accident de 
Tchernobyl a rendu necessaire une revision de !'organisation d'in
tervention en cas d'augmentation de la radioactivite. Il s'est agi 
essentiellement de renforcer la relation entre les organes tech
niques de la radioprotection et les autorites politiques dans 
la prise de decision concernant les mesures de protection de la 
population et leur execution, et d'ameliorer !'information du pub
lic. 

Une nouvelle ordonnance (datee du 15 avril 1987) definissant 
!'organisation d'intervention et decrivant ses t~ches est entree 
en vigueur le 1er mai 1987. 

2. COMITE DIRECTEUR RADIOACTIVITE (CODRA) 

La direction generale de !'organisation d'intervention en cas 
d'augmentation de la radioactivite incombe au CODRA. Celui-ci est 
place sous la presidence du secretaire general du Departement fe
deral de l'interieur et comprend le vice-chancelier responsable de 
!'information ainsi que les directeurs des offices federaux les 
plus directement concernes par une augmentation de la radioactivi
te, au nombre de huit. D'autres directeurs d'offices federaux peu
vent etre appeles a participer aux deliberations si la situation 
l'exige. 
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Le CODRA a pour tache permanente de superviser les travaux de 
preparation et de coordination de l'Etat-major de protection sani
taire en cas d'augmentation de la radioactivite (SARA) et de veil
ler a ce que cet etat-major soit pret a !'engagement. 

Lars d'une intervention, il analyse la situation et tient le 
Gouvernement (Conseil federal) au courant de son evolution. Il lui 
propose les mesures de protection necessaires par l'entremise du 
departement competent et en supervise !'execution par la Confede
ration et les cantons. 

Le CODRA veille a ce que !'aptitude fonctionnelle de !'orga
nisation d'intervention soit contrOlee au cours d'un exercice 
annuel au mains. 

3. ETAT-MAJOR DE PROTECTION SANITAIRE EN CAS D'AUGMENTATION DE LA 
RAbiOACTIVITE (SARA) 

En cas d'intervention, il est necessaire de disposer d'un 
element de conduite pour evaluer la situation radiologique du 
point de vue de la sante publique et preparer des propositions a 
!'intention du Gouvernement. L'Etat-major SARA a ete cree a cet 
effet. Il est compose de specialistes de la radioprotection, de 
medecins, de biologistes, de specialistes de !'alimentation, de la 
securite des installations nucleaires, du renseignement et de 
!'information, ainsi que de collaborateurs pour !'infrastructure. 

Se basant sur les messages et propositions qui lui par
viennent de la Centrale nationale d'alarme (CENAL), l'Etat-major 
SARA informe le CODRA et lui propose a !'intention du Gouvernement 
les mesures de protection correspondant au degre de danger. Il met 
sur pied la Centrale d'information et informe les autorites fede
rales et cantonales ainsi que la population. 

En cas de grande urgence, il avise directement les autorites 
et la population et ordonne les premieres mesures de protection. 

4. CENTRALE NATIONALE D'ALARME (CENAL) 

La CENAL est le service charge de donner l'alerte aux autori-
tes et l'alarme a la population en cas de danger dD a: 

la radioactivite (explosion atomique, accident dans une in
stallation nucleaire, accident de transport, accident indu
striel, etc.); 
la chute d'un satellite. 

Elle doit etre en etat de detecter tout danger et de recevoir 
les avis de danger; un poste d'alarme fonctionne en permanence 
afin de transmettre sans delai les messages re~us de l'etranger et 
du pays. 

Q>-J ., 
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La CENAL analyse le danger, engage !'organisation de preleve
ment d'echantillons et de mesure et exploite les resultats. Elle 
informe l'Etat-major SARA de la situation radiologique et lui pro
pose des mesures pour la protection de la population. 

Si une catastrophe est probable a bref delai dans tout le 
pays ou dans certaines de ses regions, la CENAL donne directement 
l'alerte aux autorites et recommande ala population les premieres 
mesures de protection. 

Lars d'accidents nucleaires survenus sur territoire suisse, 
elle avertit sans delai l'Agence internationale pour l'energie 
atomique (IAEA), a Vienne, conformement ala Convention interna
tionale du 26 septembre 1986 sur la notification rapide d'un acci
dent nucleaire, ainsi que les pays voisins, conformement aux trai
tes bilateraux. 

La CENAL a egalement des taches en cas de danger d'inondation 
due a la rupture d'un barrage ou au debordement des eaux, ainsi 
qu'en cas de danger cause par des substances chimiques. 

5. ORGANISATION DE PRELEVEMENT D'ECHANTILLONS ET DE MESURE 

L'organisation permanente comprend: 

un reseau de 6 stations de mesure pour la surveillance perma
nente de la radioactivite de l'air; ces stations, appelees 
pastes de prealerte, sont equipees d'une installation de fil
trage de l'air et d'un dispositif de mesure qui declenche une 
alarme lorsque la radioactivite depasse le seuil fixe; 

un reseau automatique de 51 stations de mesure pour la surveil
lance permanente a grande echelle de la contamination du terri
toire (NADAM); le debit de dose est mesure a 1 metre au-dessus 
du sol; les resultats sont transmis toutes les 10 minutes a la 
CENAL; une alarme est declenchee lorsque le seuil fixe est de
passe. 

L'organisation peut etre completee par: 

un reseau de 111 pastes d'alerte atomique couvrant l'ensemble 
du territoire, en complement du reseau NADAM; le debit de dose 
est mesure manuellement a l'aide d'un appareil de detection; ce 
reseau mobilise essentiellement des pastes de police; 

des equipes mobiles disposant de vehicules de mesure et d'heli
copteres militaires; 

des equipes de mesure du service de protection AC de l'armee. 

L'evaluation du danger par irradiation interne necessite en 
outre l'engagement de laboratoires de mesure charges en particu
lier de determiner la contamination radioactive des denrees ali-
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mentaires et des fourrages, ainsi que des eaux potables et d'ab
reuvement. Ce sont les laboratoires engages dans la surveillance 
normale de la radioactivite auxquels on peut adjoindre en cas de 
necessite les laboratoires AC de l'armee. 

6. CENTRALE D'INFDRMATION 

L'information des cantons et de la population s'effectue en 
regle generale par le canal de la Centrale de renseignement, d'in
formation et de presse de la Chancellerie federale. La Centrale 
d'information disposP. dP- l'Rppui de specialistes de l'Etat-major 
SARA en tant que conseillers techniques. 
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THE NUCLEAR POWER SITUATION IN SWEDEN 

In Sweden there are 12 power reactors distributed at four 
sites, four at Ringhals, two at Barseback, three at Forsmark and 
three at Simpevarp (Oskarshamn). Nine are BWR (Asea Atom) and 
three PWR (Westinghouse, at Ringhals). The total installed 
capacity is about 10 GWe. After the TMI accident 1979 there was a 
referendum in 1980 about the nuclear future in Sweden. As a 
consequence of that it was decided to terminate nuclear power in 
year 2010, at the latest. The order and rate of closing the 
reactors should depend on energy demands and alternative energy 
sources as well as on nuclear safety and radiation protection 
aspects. After Chernobyl it has been further decided to consider 
the possibility of closing two of the reactors already in the 
middle of the 1990's. 

THE EMERGENCY PREPAREDNESS IN SWEDEN UP TO CHERNOBYL 

The dimension and shape of the emergency plans were mainly 
formed with nuclear accidents at Swedish nuclear power plants in 
mind. The four affected county administration authorities are 
responsible for the local planning and for the actions taken in 
an emergency situation. At the National Institute of Radiation 
Protection (NIRP) there is a special advisory group with experts 
011 radiation protection, reactor safety, radiobiology, 
meteorology etc to give advice to the local authority. The 
advisory group collects information on releases, contamination 
and exposure rates, on weather conditions and other dispersion 
parameters in order to assess consequences and trends. The group 
works very closely with the Swedish Nuclear Inspectorate which 
assesses the technical safety aspects. 

The emergency planning area around each nuclear power plant 
is divided into circular zones with graded emergency planning. 
The central alert zone extends to 5-10 km, the 1nner emergency 
zone to 12-15 km and the radiation measurement zone to about 
50 km from the plant. 

In the radiation measurement zone measurements by mobile 
instruments have been prepared to be made along several specified 
routes. Measurements will be made by the local fire brigade 
teams. Booklets with information have been distributed to the 
farmers within this zone. In the inner emergency zone furthermore 
there are plans for evacuation, there is a network of permanent 
measurement sites with TLD, iodine tablets have been given in 
advance to each household and an alert system for telephone alarm 
signals will reach each home. An information booklet is also 



given to each family. In the central alert zone furthermore there 
is a permanent system with sirens for outdoors alarms. 

The emergency plan is triggered into action at one of three 
levels 
a) information; something has happened at the plant that 
requ1res spec1al information to the authorities and the public. 
The safety systems are intact. 
b) increased preparedness; something has happened at the plant 
that is or can be of significance for the safety of the reactor 
and there is a threat or indication of releases of radioactive 
material above normal releases. The essential safety systems are 
intact. The responsible authorities will put the emergency 
organisation into operation, inform the public and make ready all 
preparations for further actions (if needed). 
c) accident alarm; something has happened at the plant that 
requ1res countermeasures outside the plant, abnormal, significant 
releases are expected, occurring or have occurred, the reactor 
safety systems do not operate satisfactorily. The alarm system 
will be activated and the local and central emergency 
organisations will operate in full. 

The levels given above are specified in technical terms in 
the control room of respective reactor. The general guidance 
given to the public in the neighbourhood of the plant in case of 
an accident is to go indoors, close windows and ventilation and 
listen to the radio for further information and advice. Iodine 
tablets would probably be used at a rather low level of 
radioactive iodine release whilst evacuation would only be 
undertaken in a very serious accidental situation. Evacuation is 
not warranted below 10 mSv but would be urgent above 100 mSv and 
no evacuation should occur during releases. The reference doses 
are those obtained if evacuation is not made. To keep authorities 
and others in the organisation for emergency preparedness alert, 
education and exercises are performed at a regular basis, e g 
a large exercise each four years for each site including all 
personnel concerned at the site and the local and central 
authorities. 

IMPROVED NUCLEAR SAFETY AND SYSTEMS FOR MITIGATING THE 
CONSEQUENCES OF AN ACCIDENT 

By continual efforts, including technical and administrative 
means, nuclear safety is improved all the time. By a governmental 
decision in 1981, the reactors at Barseback (in the south of 
Sweden) have been connected to a large filter system, "Filtra", 
containing 10 000 m3 of stone, to enable the containment to be 
vented in case of a serious accidental situation with 
disfunctioning safety systems and an uncontrolled, increasing 
pressure in the containment. "Filtra" has been in place and ready 
for operation since 1985. By accident management and the 
filtering effect of "Filtra" the expected releases of particulate 
aerosols will be reduced by a factor of about 1000, and doses 
warranting evacuation will occur only within close distances up 
to a few kilometres from the reactor. Because of the large volume 
of "Filtra", there will also be a considerable delay in the 



release of noble gases from the containment leaving more time 
(several hours) for planning and for carrying out the necessary 
protective actions. 

By the governmental decision in 1981, also the other 
reactors shall have similar filtering systems with the same 
requirement on filtering efficiency. They are required to be in 
place in 1988 at the latest. These filter systems will be of the 
water-scrubber-type. 

LESSONS LEARNED FROM THE CHERNOBYL ACCIDENT AS REGARDS 
MEASURES AFTER AN ACCIDENT 

The major conclusions from the experience of the events in 
Sweden after the Chernobyl accident are: 

The need of personnel was much higher than planned, because of 
the prolonged release, the large geographical distribution of the 
contamination and the extraordinary need of information to the 
public, between authorities and to the Government. 

Preplanned information, the systems and means for rapid 
information and the number of qualified informers were quite 
insufficient. The message given in the information was sometimes 
contradictory and ambigous, leading to unnecessary anxiety. 

The need of measurements of land contamination, on milk and 
foodstuffs, on vehicles, on people, etc was much greater than 
made possible by initially available resources and organisation. 

The alarm functions were insufficient. In Sweden, the first 
alarm signals came from routine measurements on personnel at the 
Forsmark power station in the morning of 28 April 1986. 

The responsibility of the various authorities was unclear in 
this type of situation, when the whole country was contaminated. 
Because of this NIRP voluntarily took the initial responsibility 
in ~~••Y questions belonging to other authorities' jurisdiction 
such as food restrictions, recommendations on farming, etc. 
However,these problems were in practice solved within a week or 
two. 

The wide geographical distribution of released radioactive 
materials created a lot of international problems that were not 
planned for, e g as regards information, tourism, trade, 
transport, intervention levels etc. 

CHANGED EMERGENCY PLANNING 

Since the Chernobyl accident there have already been several 
governmental decisions on immediate improvements of the emergency 
planning and special investigations have been initiated on 
further appropriate changes of the planning in general and in 
detail. Since these investigations are still in progress the 
final result might in some part be slightly different than that 
reported here. 

The extent and ambition level of emergency planning in 
counties with nuclear power plants will not change significantly. 
There are a few additional sirens for outdoor alarms to get a 
better areal coverage. The level of education and frequency of 
exercises are quite appropriate. 



There will be emergency planning in all the 24 counties in 
Sweden although not (with one exemption) to the same extent as in 
those with nuclear power plants. 

The early warning system will be improved. Since many years 
there are 25 stationary ionization chambers geographically 
distributed in Sweden which continuously measure the gamma 
radiation from air and ground. The number of these will be 
increased 20-100 % and they will give an automatic alarm to NIRP 
at a significantly increased radiation level. The number of 
automatic air-samplers will be increased to about 10 and give 
automatic warning signals. 

The strategy for measurements will be as follows: In the area 
outside nuclear power plants 6-8 stationary measuring points in 
every 60 degrees sector are given in advance distributed out to a 
distance of about 50 km from the plant. Before and during the 
release gamma measurements (from about 1 pGy/h) and airsampling 
are made at the points which are within a 60 degree sector in the 
wind direction. The reason for using pre-determined measuring 
points is to obtain an organisation that operates automatically 
and will identify the plume passage and the limits of the 
influenced sector area. When the release has ceased the ground 
contamination is measured along given routes as previously 
planned. At a distance of 10-20 km there might be continuously 
measuring gamma instruments recording the average ambient dose 
equivalent for every 10 minutes. At sea outside the coast limited 
measurements might be made on a vessel moving in wind direction 
at a few nautical miles distance. Measurements from airplanes are 
made to map the ground contamination over large areas. Hand 
instruments at every municipal and county administration authori
ty (in total about 400) are used to meet local requirements on 
measurements and information but also to complement the assess
ment of ground contamination. Milk is measured at dairies by 
their own staff and measurements on food and water at special 
qualified laboratories. The possibilities to analyse Pu and hot
particles will be improved. 

The communication system between central and local authorities 
will be improved by telefax, telex etc. 

The information system will be much improved by an enlarged 
staff of informers in preparedness, preplanned principles and 
means for information of the public, manuals to central and local 
authorities with basic data and guidance how to handle emergency 
situations, improved medical information, improved education on 
radiation matters in schools etc. Information will mainly be 
given by local authorities and backed up by the central 
authorities on general matters and recommendations. 

In conclusion, the emergency preparedness will be much improved 
particularly to be able to handle a large land contamination from 
accidents in Sweden or abroad. The extra costs are of the order 
of 10 milj US $ the first year and 1-2 milj US $ per year the 
following years including research and development. As has been 
pointed out above, a large part of the emergency planning is 
motivated by the risk of an accident at some of the about 100 
nuclear power reactors in other European countries and is thus 
independent of the existence of Swedish nuclear power. 
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In examining a range of nuclear accidents from the 1950s to 
the present that were reported in the literature, the authors have 
identified a number of contributing factors which affected human 
judgment during these events. One common thread found in a large 
number of accidents is the time of occurrence; a second is the 
adequacy of emergency training. 

The data show that events, whether severe accidents or opera
tional incidents, appear to occur more frequently during off
normal hours such as the early morning shift, weekends, or holi
days. Accidents seldom occur during the day shift when the full 
management team and senior operations personnel are present. As a 
result, those facility employees most expert in coping with the 
situation may not be available, and the normal chain of command 
may be disrupted. At several nuclear power plants, it was also 
observed that new or less experienced technicians are often 
assigned to night shifts. The lack of experienced human resources 
and the pressure of an accident situation can have an adverse 
impact on individuals who are faced with makin~ important 
decisions. 

An in-depth review of the literature conducted for the u.s. 
Nuclear Regulatory Commission (NRC) by staff members at the 
Pacific Northwest Laboratory (PNL) [l] determined that human 
errors generally increase at night, and the chance for error is 
significantly greater if the worker has already been working four 
or more hours before midnight. The highest error rates were 
reported to occur between 3 and 6 a.m. The most efficient work is 
typically performed during the day. When a person is required to 
work at night and sleep during the day, both work performance and 
sleep were found to be degraded. 

During a recent annual meeting of the Academy of Behavioral 
Medicine Research, members of the Harvard Medical School research 
staff observed that three of the recent major disasters--Three 
Mile Island, Bhopal, and Chernobyl--all occurred at night. The 
concern expressed by behavioral scientists was not only that 
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lowered alertness might cause accidents at nuclear facilities dur
ing off-hours, but that the concurrent human ability to detect and 
correct the problem in a timely manner might also be reduced [2]. 

Dr. C. A, Czeisler of the Harvard Medical School, Department 
of Medicine, has conducted extensive studies of the effects of 
rotating shift work schedules [3]. Dr. Czeisler observed that 
workers on night or rotating shifts experience adverse conse
quences because their circadian rhythm and physiological 
functions, such as body temperature, hormone secretions, cell 
division, and antibody formation, vary over a 24-hour period. 
Whenevel:" d wurker:'t:; normctl wake/t:;lee!J t:;Chedule is interru!Jted, a 
mismatch occurs between the body's ability and the demands placed 
upon it in the workplace. Stress, gastrointestinal disorders, low 
morale, high rates of accidents and illness, as well as low pro
due tivi ty, result from this mismatch. Sleep-deprived shift 
workers often experience involuntary lapses of wakefulness; while 
they appear to be awake, they may actually be drifting in and out 
of sleep. Because of these lapses, the ability to respond to 
warning signals or lights may be impaired [4,5]. Czeisler 
reported in field studies of 1500 workers at a number of indus
trial facilities, that over 55% of the workers admitted to "nod
ding off" or falling asleep on the job during any given week. At 
the Fast Flux Test Facility at the Hanford Site in Washington, PNL 
researchers are currently evaluating the effects of a 12-hour-a
day rotating shift. The shift was adopted to help reduce the 
attrition of operators. 

Another common thread is that, no rna tter how well emergency 
scenarios are developed and emergency planning exercises are con
ducted, no scenario can adequately simulate an actual emergency 
[6]. During an ewergency, there is little time to consult the 
emergency operating plan to decide on a response. Response 
performance will reflect the quality of the training imparted to 
emergency response personnel from plan-and-procedure implementa
tion, as well as from periodic drills and exercises. 

How individuals respond to an actual emergency is another 
uncertainty. In Japan, analysis of safety evaluations performed 
at commercial nuclear installations revealed that an appropriate 
response of opera tors to an accident could not be expected for at 
least 10 minutes after they became aware of the emergency situa
tion [ 7] . Part of this delay is due to the time required to 
effectively analyze the situation. Another part of the delay may 
be due to the reluctance of the opera tors to acknowledge that they 
have an emergency. Irrespective of the number of emergency drills 
and exercises conducted, the real situation may reveal flaws in 
the emergency plan and response. Therefore, everything that 
borders on an emergency at a facility should be treated as an 
emergency. 

The authors of this paper have examined over fifty accidents 
and derived the most important lessons learned from each accident. 
Indeed, a review of nuclear facility accidents since the 1950s 
revealed that human error contributed to a majority of the inci
dents. Most of these accidents began during night shifts, on 

~}31 



vleekends, or holidays. This suggests the possibility that fatigue 
and/or the absence of experienced personnel could have been among 
the causes of the incidents. Human error during off-normal hours 
was clearly involved in the following representative cases: 

• Windscale Works of British Nuclear Fuels Accident -
7:25p.m., Monday, 10-7-57 

• SL-1 u.s. Army Reactor Accident-9:01p.m., Monday, 1-3-61 
• Recuplex Nuclear Criticality- 10:59 a.m., Saturday, 4-7-62 
• Wood River Junction Criticality - 6:00 p.m., Friday 7-24-64 
• Browns Ferry Nuclear Power Plant Fire- 12:20 p.m., Saturday, 

3-22-75 
• Three Mile Island Unit 2 Nuclear Power Plant Accident -

4:00a.m., Wednesday, 3-28-79 
o Chernobyl Nuclear Reactor Accident- 1:23 a.m., Saturday, 

4-26-86 

Contributing factors to the earlier incidents were perhaps 
deficiencies in the design of facilities or equipment involving 
this new technology. Later accidents, however, involved facil
ities and equipment that had become "safer" as a result of many 
redundancies built in to the operating systems to safeguard the 
facility and human health. The more recent ace iden ts appear to be 
the result of errors on the part of humans trying to respond to 
unusual events involving this increasingly complex technology. 
Compounding this problem was the fact that many of these accidents 
may have occurred when the most qualified and best trained per
sonnel were not on duty. 

Several lessons have been learned from an analysis of these 
accidents: 

o Nuclear ace iden ts can have \·mrldw ide impact on the 
public, governmental agencies, and the nuclear industry. 

• Rotating of operating personnel to work during off-normal 
hours requires careful planning, taking into considera
tion the body's natural rhythm, to maximize performance. 

• The response of an individual to an emergency cannot 
always be predicted. Also, operating personnel require 
some time to respond to an emergency. Ultimately, the 
major response will be based on the quality of the train
ing imparted to emergency response personnel. 

o Emergency preparedness instrumentation capable of assess
ing high radiation fields is required. This equipment 
must be operable in a wide range of environments. 

o Remotely-operated retrieval and surveillance equipment is 
essential during emergencies. Control rooms should be 
designed with optimum consideration for human factors. 

• Potential accidents must be anticipated through formal 
safety studies. Exercise scenarios should focus on 
higher probability accidents as well as worst-case 
accidents. 



• Regularly scheduled, rigorous emergency preparedness 
exercises are needed. These exercises must include 
objective, post-exercise critiques and a commitment from 
facility management to correct any deficiencies 
identified. 

• Improved emergency response training and retraining is 
needed for plant personnel. 

• Emergency responses require well-directed coordination. 

• Rigid administrative control of fissile materials is 
essential. 

• Nuclear facilities should be sited where population 
density is low. 

ACKNOWLEDGI\1ENTS 

This work was performed for the u.s. Department of Energy 
under Contract DE-ACU6-76RLU 1830, 

REFER~NCES 

1. Lewis, P. M. 1985, Shift Scheduling and Overtime: A Cri
tical Review of the Literature. PNL-5391, Pacific Northwest 
Laboratory, Richland, Washington. 

2. Squires, s. June 15, 1986. "Researchers: Nighttime is the 
Right Time for Work Accidents." Reno Gazette Journal, 
pp. 1E-3E. 

3. u.s. Congress, Subcommittee of Investigation and Oversight of 
the Committee on Science and Technology, House of Representa
tives. 1983. Hearings. 89th Cong., 1st sess. (March 23-24, 
1983, Testimony by C. A. Czeisler, Harvard Medical School.) 
Biological Clocks and Shift Work Scheduling. u.s Government 
Printing Office, Washington, D.C. 

4. C z e i s 1 e r , C • A • , E • D. We i t z rna n , r-t • 
Zimmerman, and R. S. Knauer. 1980. 
tion and Organization Depend on Its 
ence. 210:1264-1267. 

C. Moore-Ede, J. C. 
"Human Sleep: Its Dura

Circadian Phase." Sci-

5, Rafferty, J. F. 1983. "Watching the Biological Clock." 
Harvard Magazine, March-April 1983, pp. 26-29, 

6, Vallario, E. J., and J. M. Selby. 1981. "Use of Accident 
Experience in Developing Criteria for Teleoperator Equip
ment." Paper presented at Harvard School of Public Health, 
June 8-12, 1981, Boston, Massachusetts. 

7. Matsuda, Y., K. Suehiro, and s. Taniguchi. 
Japanese Approach to Nuclear Power Safety." 
25(4) :451-471. 

1984, "The 
Nuclear Safety. 



DECONTAMINATION STRATEGIES IN URBAN AREAS AFTER 
NUCLEAR ACCIDENTS 

R. Hille 1., K. Frenkler 1., H. de Witt 2 · 

1. Nuclear Research Centre JUlich, FRG; 
2. Brenk Systemplanung, Aachen 

1. INTRODUCTION 

In the case of an accident in a nuclear power plant the relea
se of a higher amount of activity may lead to high surface con
tamination. This causes high background radiation over a large 
area with dose rates of more than 10 ~Sv/h for many months. Such 
dose rates are too high for people to live there permanently. On 
the other hand, the cordoning off of an area of some hundreds 
of square kilometres for an extended period is not acceptable for 
social, economic and political reasons, especially in densely popu
lated and highly industrialized regions. Therefore, decontamination 
procedures must be provided to reduce the original contamination 
by one or more orders of magnitude. Around Chernobyl ploughing 
of the soil and scraping of surfaces like roads and pavements were 
the main decontamination methods apart from natural decontamination. 
But in urban areas there is still a need for other decontamination 
methods which leave the surfaces practically intact. The efficiency 
of such methods is investigated in our research programme, suppor
ted by the Federal Ministry of the Environment, the Protection of 
Nature and Reactor Safety. First results are reported in this 
paper. 

According to previous experience from accidents in nuclear 
power plants, caesium 137 is the most relevant radionuclide for 
people at risk due to its long half-life and the amount of emitted 8 radioactivity. In the case of the accident at Chernobyl, about lOr 
Bq Cs 137 were released. Cs aerosols with mean diameters of roughly 
0.5 ~m have been observed far away from the plant and with mean 
diameters of 1 mm nearby (1). The chemical composition of the par
ticles is not known exactly. There are some indications that it 
might be Csi, CsOH or other soluble compounds (2). 

2. NATURAL DECONTAMINATION 

The contamination level after the Chernobyl accident offered 
a unique opportunity to study subsequent natural decontamination 
processes on urban materials, especially on concrete which is the 
material of main interest in this paper. These investigations 
show that 3 different time-dependent phases can be distinguished: 
Run-off, short-term weathering and long-term weathering. Run-off 
proceeds within a few hours and the decontamination efficiency 
during this phase greatly depends on the weather situation (3). The 
short-term weathering corresponds to a period of roughly 80-100 
days, during which 30% of the nuclides was removed. The deconta
mination of the residual activity by long-term weathering can 
be approximately assessed over a period of several decades (4). 
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The natural decontamination processes by weathering were in
vestigated in an experiment using concrete plates with basalt 
splits in the surface layer used as paving stones for 4-5 years. 
The plates were contaminated with Cs 137 in aqueous solution by 
a spraying device which allowed a unifor~ irrigation. The activity 
concentration on the plates was 41 Bq/cm . The contaminated plates 
were exposed to open-air conditions last summer when precipitation 
was relatively high. Fig. 1, Curve 1 shows that the contamination 
decreased to 50 % after 168 days and 365 mm of rain. 

The deviation of results for all experiments was low. 
Every decontamination expPriment was undertaken using 5 plates 
which were treated in the same manner but independently. The 
deviation of the parallel results was lower than 25 %. Therefore, 
the reproducibility of the experimental data is good. 

In another experiment some of the contaminated plates were 
sprayed with demineralized water 24 h and 15 days after contamina
nation. The results are shown in Fig. 1, Curves 2 and 3 respec
tively. We recognize that the decontamination efficiency of demine
ralized water is very low, lower than that of rain water, and that 
the efficiency is lower the longer the contamination could influ
ence the surface without any disturbance. 

3. ARTIFICIAL DECONTAMINATION 

For artificial decontamination the following methods have 
been used: 

-Mechanical removal by fire hosing (4), shot blasting (5) and 
sand blasting (6) 

- Cleaning tests with hydrochloric acid and steam (6) 
- Decontamination tests with ion exchange (6) 

Of these studies, the only efficjent method is the exchange of 
cations, for example Cs+ and NH cations. A large-scale experi-
ment (6) shows a good decontami~ation efficiency with NH 4N0 1 solu
tion with increasing spraying time. After a spraying time of 3h 
with 0.05 m NH 4No 3 solution the smooth cement surface of coping 
stones responded well and about 80% of the caesium was removed. 

Our results from a decontamination experiment with the con
crete plates mentioned above and ammonium nitrate solution (0.2 m 
NH 4N0 3 ) are ~hown in Fig. 2. The activity concentration of Cs 137 
wa~ 8I Bq/cm . Curve 1 gives the results of the decontamination 
procedure by spraying the decontaminant on the plate. Subsequently, 
the experiment was repeated and the plate surface was simultan
eously brushed. The results are given in Curve 2 of Fig. 2. It can 
be seen that after spraying 20 l of solution on to a plate about 
90% of the caesium contamination was removed. Simultaneous brus
hing reduced the amount of solution required to 70 %. 



This shows that the most important influencing parameters are 
the physicochemical interactions between the deposit and the sur
face due to the choice and the amount of the decontaminant 
and the duration of the decontamination procedure. Material 
parameters like the surface structure and the age of the material 
are important too. But they are not treated here. 

4. SUMMARY AND OUTLOOK 

These preliminary results are of some practical interest under 
the following aspects: 

- Natural decontamination on urban structures like concrete is not 
very efficient. A decontamination factor of 2 is only reached 
after more than 100 days. 

-Decontamination by spraying with demineralized water is not very 
efficient, either. Decontamination by spraying with cation exchan
ging solutions gives the best results but the duration of this 
procedure is still very long and the amount of decontaminant 
required is high. 

- Decontamination by spraying must be started immediately. Any 
delay reduces the decontamination efficiency. 

- Additional brushing of surfaces improves the decontamination 
efficiency only insignificantly. 

It seems that decontamination by spraying cation exchangers 
could become a practicable method for urban surfaces if it were 
possible to reduce the time effort. Especially ammonium nitrate 
seems to be a very acceptable decontaminant because it is effective 
in low concentrations, available in large quantities, environmen
tally compatible and reasonably priced. Further investigations 
will prove whether modifications of the decontamination strategy 
are advantageous, such as high pressure, variation of concentration 
and temperature and primary treatment of the material. 
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NEW INTERNATIONAL LAW CONCERNING NUCLEAR ACCIDENTS 
AND RADIOLOGICAL EMERGENCIES 

Werner Bischof 
Institute of Public International Law, Atomic Energy Law 
Department of the Georg-August-University of Goettingen 

Nikolausberger Weg 9 c 3400 Goettingen, F.R.G. 

ABSTRACT 

In 1963 the Scandinavian States and the IAEA signed the "Nordic 
Mutual Emergency Assistance Agreement in Connection with Radiation 
Accidents". It was the first multilateral agreement in this 
special field of the international atomic energy law. The IAEA 
tried to encourage other national governments to agree also such 
assistance agreements and elaborated in 1966 four model agreements 
as multilateral or bilateral treaties. But at that time no state 
followed the recommendations of the Agency. Later on some Middle 
European governments agreed bilateral treaties on the mutual 
assistance and the notification in cases of radiological emergen
cies. 
After the Chernobyl accident in April 1986 a spontaneous reaction 
led to the initiative of some governments and of the Tokyo Econom
ic Summit and to the decision of the IAEA-Board of Governors to 
prepare two worldwide agreements on mutual assistance and early 
notification in cases of nuclear accidents on the basis of the 
IAEA recommendations published in 1982 as INFCIRC/310 and 321. 
The author, member of the German delegation of Government experts 
at the IAEA meeting in July/August 1986 at Vienna, gives a survey 
on the two conventions which has been adopted by the special ses
sion of the IAEA General Conference on September 26, 1986: 
- Convention on early notification of a nuclear accident; 
- Convention on assistance in the case of a nuclear accident or 

radiological emergency. 
The following legal problems will be treated: Scope of applica
tion; notifiction and information to be provided; competent author
ities and points of contact; functions of the IAEA and other in
ternational organizations; international assistance in the 
establishment of radiation monitoring systems; procedure and provi
sions for mutual assistance; direction and control of assistance; 
reimbursements of costs; privileges and immunities; claims and 
compensation (liability). 
Finally a report is given of the status of signatures, ratifica
tions and coming into force of the two Vienna Conventions and of 
other treaties signed in the meantime. 



SITE EMERGENCY DATA INTERPRETATION 

A McWhan*, G C Meggitt *, I P Graham@, G P Stonell@ 
*Safety & Reliability Directorate, @Harwell Laboratory, 

United Kingdom Atomic Energy Authority 

Harwell Laboratory operates a number of nuclear facilities 
including materials testing reactors, accelerators, post 
irradiation examination facilities & remote handling 
radiochemistry laboratories. The range of radionuclides that 
could be released in quantities sufficiPnt to produce a 
radiological hazard can be grouped into three broad categories 
for measurement purposes: fission product noble gases, volatile 
materials (radio- iodines) & refractory particulates such as Pu, 
Cs & Sr compounds. 

Emergency monitoring systems include individual alarms for 
appropriate buildings, TEMPO - a site & perimeter network of GM 
counters linked by radio telemetry to the control room, a source 
dispersion/dose prediction code run on a dedicated microcomputer 
(Reference 1), & a dedicated radiological survey vehicle. 
Additional Health Physics vehicles are available to carry 
portable monitoring equipment & to collect samples for laboratory 
analysis. Routine environmental monitoring systems, eg High 
Volume Air Samplers & TLD's are also incorporated into the 
emergency monitoring plan. 

In the event of a suspected or genuine release of 
radioactivity a source term would be rapidly estimated backed up 
by measurements taken both on & off site. The dedicated survey 
vehicle is equipped with a range of dose-rate meters, 
contamination meters & twin Rotheroe & Mitchell L50 air samplers 
which draw air through ports on separate sides of the vehicle. 
Air sampling analysis is carried out in the vehicle using a beta 
castle fitted with a Nuclear Enterprises BP4 probe & an alpha 
drawer assembly, both of which are connected to a Harwell 6000 
series counting system. A mobile TEMPO station is also carried. 
This can relay gamma dose rate data directly to the control room 
from within the vehicle or alternatively it can be removed & 
placed in any desired location, provided that the telemetry link 
can be established. 

Fission product noble gases may be detected & measured using 
a gamma dose rate meter at concentrations below those at which 
intervention is desirable. Volatile materials from the initial 
cloud or resuspension are sampled using twin Maypacks (Reference 
2), containing a combination of GFA filter papers, charcoal 
filter papers & charcoal granules. The complete Maypacks or the 
components are assessed in the beta castle. It is assumed that 
all elemental iodine is collected on the charcoal filters & that 
any methyl iodine is absorbed by the granular charcoal. 
Particulate airborne activity is collected on a glassfibre filter 
paper which can be removed from the pack for beta & alpha 
analysis. Ground deposition is initially assessed with doserate 
& contamination meters. 



A key feature of the system is the Survey Report Form partly 
reproducd in Figures 1 and 2. The form contains a further two 
graphs for assessing integrated dose over 14 days from alpha and 
beta/gamma ground contamination. In addition there are two 
nomograms for calculating airborne activity in Bq/m3 from air 
sample volume and counter readings for alpha and beta/gamma 
sources, tritium dose calculation data, a table of Emergency 
Reference Levels of dose and a calculation section which can be 
used instead of the nomograms. The three data display pages 
include information on time and location of a survey to allow 
them to stand alone if required, eg for transmission by fax. 
Identical versions are used by the survey teams and the control 
room, although the former would only use the first page unless 
providing assistance to another site. 

The system relies on the following assumptions: 

1. Emergency Reference Levels are the lower values taken 
from Reference 3. 
2. Airborne & ground beta/gamma activity is all I-131. 
3. Airborne & ground alpha activity is all Pu-239, 
Class W. 
4. For airborne activity calculations the local 
concentration is constant for the duration of the release & 
the expected maximum release duration is 4 hours. 
5. The duty health physicist understands the limitations 
of these assumptions & will use professional judgement & all 
other information available to analyse the situation. 

The sensitivities of the source term assumptions have been 
tested against computer predictions for the Harwell reactor fuel 
inventory for standard irradiation & various cooling times. The 
results show that for inhalation of fission products released 
from a 6-160 day cooled fuel pin the form will give a dose 
assessment correct to within a factor of two. For airborne alpha 
activity the form will overestimate by a factor of 2. 6 if the 
material is Class Y rather than Class W. The system is designed 
to ensure that the. initial response assumes the most pessimistic 
interpretation of the field measurements. The validity of the 
initial assessment is backed up with laboratory analysis of 
collected samples & the experience of the full emergency response 
team . 

. The authors wish to acknowledge the assistance of R Fox & 
H C Orchard of the CEGB & the work described in reference 2. 
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FIGURE l 

HARWELL SURVEY REPORT 

Reporting form for survey crews & control room radio operators. 
The call signs allow data to be transmitted as numbers without 
further clarification. Similar formats are being adopted by a 
number of organisations within the UK, which will improve the 

existing arrangements for mutual assistance between sites. 
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FIGURE 2 

HARWELL SURVEY REPORT 

Interpretation graph for airborne Beta/Gamma & Alpha activity. 
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THE PREVENTION OF ACCIDENTS IN INDUSTRIAL 
GAMMA RADIOGRAPHY 

Monsieur Jean Candiotti 
Commissariat a l'Energie Atomique 

Institut de Protection et de Surete Nucleaire 
Centre d'Etudes Nucleaires de Fontenay-aux-Roses 
BP n° 6 - 92265 Fontenay-aux-Roses, Cedex, France 

ABSTRACT 

In France, in 1979, after the accident at Montpellier, due to a 
source of Iridium 192 which fell from an apparatus and was picked up by a 
workman, the "Institut de Protection et de Silrete Nucleaire" (Nuclear Protec
tion and Safety Institute) carried out a detailed investigation of past 
incidents in radiography. It was considered whether other techniques using 
non-destructive control were equivalent and whether X-rays could be used 
instead of radioactive sources. It became apparent that gamma radiography 
is indeed necessary. In order to put this technique to use in adequate 
conditions of safety, an analysis of risks was therefore undertaken. This 
analysis was brought to bear on the following topics : particular working 
conditions, staff training, equipment reliability, source selection and 
lessons learned from incidents. It has also been established that transport 
of apparatus by road takes place very frequently. A special set of regulations 
was therefore implemented for this type of transport. It was found necessary 
to inquire into the causes of those accidents which are more liable to occur 
than others, and whose degree of seriousness is higher. 90 % of the apparatus 
are portable and fulfill three functions : as containers for storage, as 
gamma radiography cameras on the work site, and as packagings for transport. 
Many measures have been taken. However, the ultimate responsibility lies 
with the operator who must, at any time, know the location of the source 
and make sure, at the end of the process, that the source has been •afely 
brought back into storage position inside the apparatus. 



SPANISH PRACTICE AND EXPERIENCE IN THE IMPLEMENTATION OF 
NUCLEAR EMERGENCY PLANS 

Dolores Carrillo and Francisco Diaz De La Cruz 
Consejo Seguridad Nuclear 

c/ Sor Angela de la Cruz, 3 28020 Madrid Spain 

ABSTRACT 

In Spain, as in other countries, the emergency plans associated 
with nuclear installations have known three well defined periods: 
from the beginning of the nuclear national program (in Spain about 
1956) to the Three Mile Island-2 accident (March 1979~ from TMI-2 
to Chernobyl-4 event (April 1986)~ and from Chernobyl up to now. 

The second period has been the most fruitful for development of 
nuclear emergency plans in Spain~ during that period a Basic Plan 
for nuclear emergencies at national level was established. This 
Basic Plan follows the international recomendations, mainly from 
IAEA, EURATOM and lessons learned from Chernobyl accident. 

In the paper the criteria and principles on which the Basic Plan 
is based are firstly described. Organizational and operational as
pects are then discussed; the extend these aspects is brought into 
play is determined by the type of abnormal event which occurs in 
the facility~ since the evolution of this event can not be exactly 
predicted, there must be enough flexibility in the organizational 
and operational aspects so that it can be adapted rapidly and ef
fectively to the circustances. Another section deals with the pro
tection measures as a function of intervention (or reference) le
vels. For planning purposes such measures are taken gradually up 
to 3, 5, 10 and 30 km. depending on the severity of the situation. 

The Basic Plan has been adapted for each of the'provinces where a 
NPP is located; this adaptation takes into account the particular 
organization and resources of each province, so there are Plans at 
provincial levels~ besides and derived from these Plans, each mu
nicipality within a radius of 10 km from the NPP also has its own 
Municipal Plan for nuclear emergencies. 

Finally, details are given of the Training Course.s for specific 
~earns and Information Conferences for the population which are ap
plied in Spain and also the accumulated experience with the imple
mentation of the nuclear emegency plans. 



RADIATION RISKS OF LARGE SCALE NUCLEAR ACCIDENTS - A CASE STUDY 

John G. Kallas 
Institute of Nuclear Technology - Radiation Protection 

NRCPS "Democritos", Greek AEC 
153 10 Aghia Paraskevi, Attiki, Greece 

ABSTRACT 

The object of this paper is the estimation of the radiological 
consequences of the latest 1000 MW Kozlodui reactor, a Soviet lype 
PWR in Bulgaria, to the population of Greece. To estimate these 
consequences a series of severe accident scenarios are utilized. 
The results of the analysis indicate that under the conservative 
assumption~adopted, the radiological consequences of the most se
vere accidents considered would be non trivial. The magnitude of 
the potential effects from the accident scenarios analyzed is such 
that multinational emergency planning for nuclear installations 
may be required, even when nuclear power stations do not lie in 
proximity to national borders. 

INTRODUCTION 

The experience gained from the Chernobyl accident has shown 
that nuclear accidents may involve releases of radioactive materi
als to the environment, which extend to large distances. It is the
refore appropriate to assess the radiological consequences to the 
population of Greece of a few representative severe nuclear accidents 
of the nuclear power station(NPS) at Kozlodui, Bulgaria, which is 
located closer to Greece than any other similar station. The Kozlo
dui site with 4 operating PWR units of 440 MW and 1 PWR unit of 
1000 MW, is located near the northwestern borders of Bulgaria near 
the river Danube, at a distance of 225 km from the northern borders 
of Greece. In the present analysis attention is focussed on the 
larger unit, which in the improbable event of a severe accident 
would produce the most adverse effects. 

The accident consequence calculations were performed using the 
CRAC.GAEC code, a version of code CRAC2 1 ' 2 • The model describes the 
progression of the radioactive cloud released from the reactor bu
ilding and predicts its interaction with and influence on the envi
ronment and man. 

ACCIDENT RELEASES AND INPUT DATA 

Reactor accident consequence calculations require the radio
nuclide inventory of the reactor under consideration. Since detai
led data of VVER-1000 core inventories were not available, the si
mplifying assumption that they will be similar to the inventory of 
a standard PWR3 multiplied by the ratio of the corresponding rea
ctor thermal powers was made. The larger unit of 1000 MW has a the
rmal power of 3000 MW and a unit efficiency of 33.3%. The standard 
PWR inventory corresponds to an end-of-cycle equilibrium inventory 
of a 3412 MWt PWR, calculated with a burnup of 33000 MWd/MTU 3 . 



In order to delineate the upper bounds of the spectrum of con
sequences, the analysis is focussed on the consequences of four se
rious hypothetical PWR accidents, or release categories, namely the 
PWR-2, PWR-3, PWR-4, and PWR-54, which we assume that are also ap
plicable to VVER-1000 reactors. Therefore the same release fracti
ons applying to these accident categories are used for VVER-1000. 
The consequence assessment requires a large number of input data. 
Some of these data are taken identical to those of the reference 
case of the CRAC2 User's Guide documentl, while the rest are calcu
lated specifically for the cases assessed. 

The meteorological record used in the consequence model con
sists of 8760 hourly observations of wind speed, atmospheric sta
bility and accumulated precipitation, and corresponds to a typical 
meteorological year of Athens. The associated wind rose is not ta
ken into account, but a constant southward wind direction is assu
med since the aim is to estimate the upper bound of the conseque
nces, which obviously take their maximum values for Greece when the 
radioactive cloud is directed towards the centre of the country. 
In order to represent all possible weather conditions about 580 
weather sequences are sampled from the meteorological record. The 
weather category sampling technique utilized5 takes into account 
effectively the very low probability sequences, which have potenti
ally high consequences. In addition we assume that no emergency me
asures are taken during the progress of an accident. For the esti
mation of latent health effects the BEIR method is used. 

RISK AND LATENT HEALTH EFFECTS 

The consequences resulting from Kozlodui's four hypothetical 
accidents would be due to early exposure, which includes direct i
rradiation by the passing cloud, exposure from inhaled radionucli
des and exposure to deposited radionuclides, and to chronic exposu
re, which includes exposure to groundshine from contaminated ground, 
inhalation of resuspended radionuclides and ingestion of contamina
ted foods. The results are presented either as dose or cancer risk 
curves for exposed individuals versus distance from the Kozlodui 
site, or as complementary cumulative distribution functions (CCDFs) 
for latent health effects and collective exposure. The health 
effects considered include early deaths and early injuries, thyroid 
effects and latent cancer fatalities. Although the postulated re
leases would be very serious, the distance of 225 km of the northern 
border of Greece from the Kozlodui site prevents the manifestation 
of early deaths and early injuries among the Greek population. The 
effects that were manifested were only latent cancer fatalities and 
thyroid nodules as expected. 

In Figs. 1-2 the variations of the mean and peak acute bone
marrow dose and the cancer risk from initial exposure versus dista
nce from the reactor site are depicted for the four accident relea
ses. Figs. 3-4 show the collective dose of the whole population of 
Greece as a CCDF and the latent health effects both resulting from 
the total exposure for all four cases analyzed. A summary of all 
latent health effects and the collective exposure is shown in 
Table 1 . 
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Table 1. Summary of number of latent effects - Total exposure, 

Effect -----~~~~-Y~1~~~------ Peak Values ------ ----------------------
PWR2 PWR3 PWR4 E~g~ PWR2 PWR3 PWR4 PWR5 

Whole body 2830 1560 514 156 13200 7620 2460 780 
Thyroid 2010 1000 391 199 11500 5960 1960 883 
Leukemia 596 317 1 01 30.3 2850 1560 485 151 
Lung 519 324 94.4 28.2 2410 1680 459 141 
Breast 623 337 107 32.1 3030 1680 516 161 
Bone 295 150 45.6 13.0 1410 747 221 64.4 
GI tract 284 1 71 63.2 20.0 1180 782 300 99.2 
Other 632 342 109 32.6 3070 1700 523 163 

~~~1~-~~9y_~~1-
1~~!!~~-~~E~~~~~ 
( 10 3 person·Sv) 179 99.1 32.6 9.89 839 484 156 49.4 

CONCLUSIONS 

The results presented in this paper have been obtained under 
a series of conservative assumptions, such as wind blowing continu
ously southwards, most serious accident scenarios at the larger unit 
of the NPS etc., and are non-trivial. One must note however that if 
for example the wind direction was probabilistically treated, and 
less severe, more realistic scenarios were analyzed, the expected 
consequences (mean values) , would be reduced by 2-3 orders of ma
gnitude and then they would be minimal. Under the severe scenarios 
adopted and in the totality of 9746000 inhabitants of Greece some 
non-trivial effects would result during long periods after such a
ccidents. The magnitude of the potential effects from the releases 
analyzed indicate that multinational emergency planning for nuclear 
installations, may be required even when nuclear power stations do 
not lie in proximity to national borders. 
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OFF-SITE RISK STUDY FOR THE THREE OPERATING 
NUCLEAR POWER STATIONS IN TAIWAN 

Tien-Ko Wang, Bau-Sheil Pei, Cheng-Chung Lin, 
Chao-Ting Huang and Hung-Ming Liu 

Institute of Nuclear Engineering, National Tsing Hua University, 
Hsinchu 30043, Taiwan, R.O.C. 

ABSTRACT 

A systematic study on the risk resulting from postulated 
accidents were performed for all the three operating nuclear power 
stations (NPSs) in Taiwan: Chinshan (CS) NPS/2xl775 MWt BWR, 
Kuosheng (KS) NPS/2x2894 MWt BWR, and Maanshan (MAS) NPS/ 
2x2775 MWt PWR. 

The study is based on source terms reported in WASH-1400 
(1975) NUREG-2239 (1982), IDCOR program (1984), and NUREG-0956 
(1986). For the KS NPS, additional study was made with the 
release categories defined by the plant specific probabilistic 
risk assessment (KS PRA, 1985), 

Major part of the consequence evaluation was performed using 
the plume model based computer code CRAC2. Sensitivity studies 
were made for key input parameters. Calculations using the puff 
model based computer code EDM were also implemented for selected 
cases. The EDM results, with the effect of complex terrain taken 
into account, can be used to form correction (or reduction) 
factors for the CRAC2 results. 

The calculated results include conditional values, expected 
values, and/or complementary cumulative distribution functions 
(CCDFs) of various concentrations, doses, risks, and health 
effects. The diminution in risk with improved estimation of 
source terms is discussed in detail. 

Emergency planning for the three NPSs was commented on the 
basis of protective action guide (NUREG-0396, 1978) and exposure 
risk guideline (IDCOR, 1984). Optimum evacuation schemes for the 
three NPSs are proposed based on over two-hundr~d CRAC2 runs. 
Parameters considered include delay time/warning time, evacuation 
speed and distance, protective countermeasures, and weather 
conditions. 



FIRES INVOLVING RADIACTIVE MATERIALS 
TRANSFERENCE MODEL . OPERATIVE RECOMMENDATIONS 

Rodriguez, C.E.; Puntarulo, L.J.; Cafiibano, J.A. 
Superintendencia de Bomberos, Policia Federal Argentina 

Buenos Aires, Argentina 

ABSTRACT 

In all aspects related to the nuclear activity, the 
occurrence of an explosion, fire or burst type accident, with or 
without victims, is directly related to the characteristics of the 
site. 

The present work analizes the different parameters involved, 
describing a transference model and recommendations for evaluation 
and control of the radiological risk for firemen. 

Special emphasis is placed on the measurement of the 
variables existing in this kind of operations. 

PROBLEM PRESENTATION 

Fires involving radiactive materials, make face firemen to a 
radiological risk which is added to the normal risks existing in 
the more conventional fires that are defined e.g. by the following 
parameters: 

- Type of the stored materials: chemical and physical 
characteristics. 

- Layout and constructions materials of the place: dimensions, 
openings, access, etc. 

- Atmospheric conditions: pressure, temperature, wind speed 
and direction, etc. 

T~~NSFERENCE MODEL 

For the elaboration of the present model, we took into account 
the following frame of reference (not analizing the transference 
ways to the public) . 

The radionuclide can be: 

- spread into the air, without chemical change due to heating 
of the substance; 

- burned, generating smoke and aerosols that will spread on 
the media; 

- spilled over the floor and/or combustible materials; 
- dragged, by equipment and substance used for extinction; and 
- oversuspended on air from floor and extinguishing substance. 
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Also: 

- The conbustible material can be contaminated by the deposit 
produced from air and from the extinguishing substance and the air 
is contaminated by combustion and the extinguishing substance by 
dragging. 

- The extinguishing substance is contaminated by washing the 
radionuclide dispersed in the air, in the floor, or on combustible 
material and extinguishing equipment. 

- The extinguishing equipment is contaminated due to the 
radiactive air deposit, through extinguishing substance and 
through floor dragging. 

- The floor is contaminated through radiactive air deposit, 
through extinguishing substance and extinguishing equipment. 

Then the firemen can be: 

- superficially contaminated by direct contact with the 
radionuclide; 

- internally contaminated by inhalation; and, 
- externally contaminated by dragging of radionuclide which 

contaminates the combustible material, to the equipment -used for 
the extinction, to the extinguishing substance and the floor. 

And additionally they can receive a dose due to external 
irradiation from the radiactive source and/or receive a dose by 
external irradiation when they go into the radiactive cloud and 
because the contaminated floor. 

OPERATIVE RECOMMENDATIONS 

These operative recommendations will have as main objetive to 
control the emergency reducing the dose due to internal and 
external contamination and the dose due to external irradiation up 
to a level as low as it will be reasonably achievable. 

As a first step, with the pourpose of personnel's control, if 
there is radiation affected personnel and to avoid that people 
t:hat will not operate in the emergency enters into the place, the 
~mergency zone will be physically separated from the rest of the 
1nstalation (e.g. with a barricade). 

To limit the external contamination the following provisions 
wi 11 be taken: 

- To avoid the physical contact with the elements of the 
disaster place, specially with the radiactive source. 

- To avoid throwing the extinguishing substance over the 
radiactive source. 

- To control the spilling of the extinguishing substance. 
- To realize tasks of decontamination of personnel and 

equipment when the operative has finished. For this it is 
convenient to mantain one fireman free of any contamination (this 
may be the fireman in charge of the fire pump since he does not 
work into the emergency zone) then he will be responsable for the 
decontamination activities. 
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Also to minimize the dose by internal contamination and as 
the only possible way is inhalation, it is mandatory to use the 
breathing autonomous apparatus. 

~ith reference to external irradiation, the dose can be 
minimi2ed taking into account the following: 

- To spray the enviroment with fog water to reduce the 
conce~tration of smokes and radiactive aerosols in air. 

- To change, as often as possible, the personnel involved in 
the different emergency tasks (firefighters, rescue team, etc.) to 
reduce the 1nd1viduals exposure time. 

- The maximum distance must be placed between the 
extinguishing team and the site as much as the access and layout 
of the emergency site allows it. 

- To place an adecuate shield between the source and 
personnel in charge of extinction using the existing walls of the 
building or any other alternative means at hand. 

Moreover it is convenient and sometimes mandatory, apart from 
the aforementioned procedures to planify a recuperative task of 
the radiactive source. This can be done e.g. preparing a cooled 
access road with the neccessary equipment (handlines, etc.) 
assigned to this exclusive operation and a convenient pike-pole to 
keep the smallest distance from the source to the fireman in 
charge of the tasks. 

CONCLUSIONS 

As the firemen activity does not exclude to face a 
radiological risk during any kind of operation it is convenient to 
keep always in mind and if possible written the recommendations 
already outlined to reduce the radiological risk as much as 
possible. 
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SOME EXPERIENCES ON EFFECT OF EXTERNAL DECONTAMINATION IN H-E 

PREVENTION OF IRRADIATION 

Dragoslav B.Stojanovic and Katarina S.Milivojevic 

Institute of Nuclear Sciences "Boris Kidric" -Vinca,Yugoslavia 

Investigations are included experimental materials in the frame of decon

tamination of normal and damaged skin contaminated with radioiodine or radio

caesium and acquired experiences in human practice as external decontamination 

of persons contaminated with different radionuclides working at RA Vinca reactor 

and in laboratories which produce and use radionuclides, as well as after Chernobyl 

accident. In experimental conditions the efficiency of decontamination based on eva-

luation of the total body burden of radionuclides and residual radioactivity in 

the decontaminated region. In human praxis the decontamination treatment presents 

the most effective medico-prophylactic procedure in the prevention of local and 

total irradiation. 

METHODS 

Methodology include the experiments and the evaluation of data taken from 

human praxis. 

Experimental 

The experiments were performed on the white rats. The skin made "fat-

free" using soap before contamination. On the shaved skin of the extremity was 

made perforating wound by dental drill. The radioactivity of the applied amount of 

solution Nai 131 and 137csCl was 1,85 MBq. Decontamination of the skin:five treat-

ments were performed in duration of one minute each. Treatment of radiomixte ba

sed on rinsing action by use of vacuum system with choosen solution for decontami

nation. Means for decontamination: soap,saline,l% Cetavlon,2,5% Sterigal,D,5% iodine 

tincture, 5% Na-HMF,0,25% DBS- TR,PAM-03. 
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Human examination 

A-Decontamination of persons at an operating nuclear plant 

- Period of observation: over 25 years. 

Number of cases accidentally contamination employed on the Reactor RA in 

Vinca: 34. 

- The efficiency of decontamination in dependence of physiological,radiological, 

physiological and chemical characteristics have been analysed, including: state 

skin and visible mucous membrane; anatomical locality (the head-frontal bump, 

supercilliary arch,aye,cheek,nose,mouth,chin,hair ,hand, fingers, finger-nail etc.); du-

ration of contact radionuclide with barriere (usually a few minutes, seldom 30 

minutes); levels initial activity, chemical from of contaminant; state aggregation 

(dust,gas,liquid); time of duration of treatment at different cases (about 20 mi

nutes); 

- Radiocontaminants: 60co,3H,24Na,27 AI, 109 Ag, 131 1. Mixture of fision products. 

Unknowen composition (especially when contaminant is in from dust). 

Contamination with dust was in 35% cases. 

- Localization: handfuls(l6 cases-47%),face (9 cases-26%)etc. 

B-Decontamination of persons contaminated in laboratories of Institute "Boris Kidric" 

-Vinca 

Place of performance: Block for human decontamination- Vinca. 

Period of observation: over 20 years. 

Number of persons: 42 

Anatomical locality and number of cases: fingers of handful(20), handfuls (I 0), 

forehead (4) by three (hair forehead,nose,neck) by twice ( face,lips) and by once 

(temple,ears,foot,fingers of foot). 

- Radiocontaminants: 131 r (16 contamination-38,1%),198Au (6 contamination-14,3%), 

239Pu (4 contamination-9,5%), by twice contamination with 32P and 137cs(4,8%), 

by once contamination with 60co, 27 AI and Ill Ag. Registered also 4 contamina-

1000 



nation with mixture fission products and 5 unidentifiable contamination. 

C-Decontamination of Yugoslav workers in Soviet Union 

This materials concerning effect of decontamination of workers building 

plant Komgrap on building site Micord-Zlobin (Soviet Union) contained due to 

the Chernobyl are analysed. 

Common procedures and means for decontamination from human praxis 

Treatment: Decontamination of the skin contaminated with different ra-

dionuclides contained usually 4-5 procedures by use of cotton-wool and alterna-

tely by water rinsing or by cleaning with solution of means for decontamination. 

Means for decontamination: 5% detergent, toilet, medical and liquid soap, 3% cit

ric acid, 2% tannic acid, saline, permanganate, 2% boric acid, emery; Detergent 

mixture, Hypex-detergent emulsion, 3% Versen,Lotion MO 8.385; Combination 5% 

Detergent and 2% Versen; Protective creams-Lanolin, Vaselin,Jecoderm,"Lek 48". 

RESULTS AND DISCUSSION 

Experimental data enable following confirmation: 

-The efficiency of decontamination of the skin conditioned more by radioactivi

ty decontaminated region but . .at perforating wound is greater influence of body 

burden of the penetrated radionuclides. 

- Decontamination efficiency of the skin contaminaled by radioiodine and radio

caesium was 90-99% when tretaed 30 minutes after contamination. 

- Soap and saline used as a decontamination means shows the greater efficiency 

in the comparison with other used means. 

Human data - it remains only for a summary of these findings to be made he-

re: 

- In majority of cases at personnel operating nuclear plant contaminants were 

60co and 3H but at contamination in laboratory conditions contaminant was 

131L 
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-Application surface active substance (detergent,soap) as decontamination means 

show the greates efficiency (that reach to I DO%). 

- At 468 Yugoslav workers building plant Komgrap on construction site Micord-

Z Iobin that is 90% supervised persons established the contamination of clothing . 

- Maximal number of contamination was registered on the hands (20%). 

- The contamination of hair was evident at about 10%. 

- Signs of contamination of the body established at 6 controled persons. 

- Low level of contamination under 10 i/s registered at 38 cases, middle at 86 

cases and higher level (over 100 i/s) evident at 16 cases (by use instrument 

KOMO- TN). 
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INTERVENTION LEVELS FOR CASES FOLLOWING NUCLEAR ACCIDENTS 

Bruno• H. A; Palacios, Ei Kunst, J.J. 

Comisicn Nacional de Ener9Ta AtOmic:a (CNEA) 

Republica Ar9entina. 

To ac:c:omp I ish i n9 with the safety c:r iter i a app I i ed in Ar-

9ent i na• nuc: I ear ac:c: i dents with severe consequences in the pub I i c: 

shou I d have very I ow probab iIi ty ot oc:c:urrenc:e. However, it one 

ot these very improbable ac:c:ident oc:c:urs, si9nitic:ant quantities 

ot radioactive material could be released in the environment and, 

therefore, si9nitic:ant doses in the pub! ic: would be incurred. 

Radiolo9ic:al consequences +rom these ac:c:idents could be 

minimized it ettic:ac:ious countermeasures are taken. Intervention 

levels are then an essential tool tor decision makin9 in eac:h 

emer9enc:y. 

The criteria used in Argentina in establishing interven

tion levels are in atc:ordanc:e with ICRP, pub! ic:ation #40 [1] and 

IAEA, Satety Series 72 [Z]:a) Serious non-stochastic: ettec:ts 

should be avoided; b) The risk +rom stochastic: ettec:ts should be 

I imited by introducing countermeasures which achieve a positive 

net benefit to the individual,involved, and c:) The overall inci

dence ot stoc:hast i c: et tec:ts shou I d be reduced as I ow as reaso

nably achievable b>' reducing the c:ol lec:tive dose commitment. 

INTERVENTION LEVELS FOR EVACUATION 

Based on the tirst criteria, the Argentine authority has 

estab I i shed intervention I eve Is tor evac:uat ion, as a c:ourtermea

sure to limit the dose due to the external irradiation +rom the 

materia I deposited on the ground. These intervention I eve Is are 

0.1 Sv integrated during the tirst six hours atter the ac:c:ident, 

tor irrestric:ted evacuation, and 0.1 Sv integrated in the tirst 

twent>--+our hours atter the accident as a value below which no 

countermeasures are needed.L3J. In the middle, a c:ase b>' c:ase 

ana I >'Sis is required, taking into acount the risk that c:ou I d be 

avoided' and the risk introduced by the countermaesure itselt. 

1oos 



Later on, when the 9round deposit has sutticiently deca

yed, a decision is required about areas where reentry wou I d be 

allowed tor permanent occupancy. The optimized rate ot dose tor 

reentry ot evacuated people should be such as to minimize the sum 

ot the remanent detriment cost and the cost to maintain the coun-

temeasure. 

For purposes ot emmer9ency plamin9, cost-benefit techni

ques tor optimizin9 protection have been used tor relocation de

cisions (4). As result ot this analysis, the optimized time to,. 

reentry ot evacuated people should be such that the dose rate at 

that time> H(EI), is equal to the ratio ot the cost rate. c, tor 

keepin9 evacuated an avera9e person and the monetary value, a, 

ass i 9ned b>• the re9u I atory authority to the unit ot co I I ect i ve 

dose. 

The Ar9ent i ne authorities have se I ected a va I ue ot a 

equivalent to US$ 10>000 per man sievert tor purposes ot optimi

zation on radiation protection. The cost (additional to the usual 

cost ot I ivin9) ot maintainin9 evatuated an avera9e person is es

timated in order ot US$ 100 per month and per person. Therefore, 

the optimum dose rate tor dec i d i n9 reentry in Ar9ent ina w i I I be 

in the order ot 10- 2 Sv/month. 

iNTERVENTiON LEVELS FOR FOODS 

Ground contamination a I so imp I i es to take some decision 

concern i n9 contaminated toods. A I ower i ntervet ion I eve I was se

lected> below which no actions are necessary, usin9 a cost

benet it ana I ys is simi I ar to that used in case ot reentry. The 

cost ot i mpos i n9 a countermeasure such as the introduction ot a 

ban on the consumption ot a toodstutt, is taken as a tirstZ~ppro

ximation, as the cost, Ct' ot replacin9 that toodstutt at market

price. With this app!'oximation> Ct = K.V. where K is the +oods

tutt cost per unit mass or volume and V is the avera9e consump

tion per person and per unit time. The optimum solution becomes: 
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ct 

1 n prac:t i c:es the intervention I eve Is ot dose are more 

readily compared with the results environmental measures it deri

ved intervention levels in terms ot concentration are determined. 

The above method c:an be used to c:a I c:u I ate the derived i nterven-

tion levels, sinc:e:OILI 

intake. 

~.P.P..... ; where Fd is the dose per unit 

Fd.V 

DIL 1 K 

ct.Fd 

On the other hand, an upper derived intervention I eve I 

that it overpast the c:onsump+ionis authomatic:aly prohibit, was de

rived +rom an individual dose I imit ot 50 mSv.a- 1 • 

';211 m;!y_, ~=_2_ 

Fd.Vm 

Where Vm is the c:onsumpt ion rate representative ot a 

h1photetic:al c:ritic:al 9roup. 

A I i st ot DlL 1 and DlLu tor Cs 1 3 7 tor the principal 

toodstutts consumed in Ar9entina are shown in Table l. 

l ntermed i ate situations are reso! ved by a c:ase by c:ase 

analysis, takin9 into consideration social and economic: aspects. 
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Table 1 

Derived intervention levels tor ditterent tipes ot toodstutt 

(8q/k9) 

Foodstutt 

Mi I k 

M i I k products 

Meat 

Green ve9etables 

Root ve9etab!es 

Fruits 

Cereals 

REFERENCES 

........................... _ ....... _ 

.......... C. .. ?.~ ..... 

O!Lu 

15000 

130000 

20000 

50000 

15000 

20000 

15000 

······---·-·---···· .. · 

O!L1 

1800 

16000 

8500 

1300 

950 

1500 

900 

( 1) ICRP "Protection ot the pub I i c in the Event ot Major Rad i a-

tion Accidents: Principles tor P!annin9". The International 

Commission on Radiolo9ical Protection". Per9amon Press (1984) 

(2) "Principles tor Establishin9 Intervention Levels tor the Pro

tection ot the Pub I i c in the Event ot a Nuc I ear Ace i dent or 

Radiolo9ical Emer9ency". IAEA. Safety Series N" 72- Interna

tional Atomic Ener9y A9ency. Viena (1985) 

(3) Mi9! iori de Beninson• et at. "Evacuation and Reentry Pol icy 

tor cases ot Ground Oepos it ion Fo I I ow i n9 Nuc I ear Ace i dents". 

International Radiation Protection Association. 6th Interna-

tiona! Con9ress. Radiation-Risk Protection (728). Ber I in 

(West) May 7-12, 1984. Radiation-Risk Protection. 

(4) Beninson, D. and Gonzalez, A.J. "Optimization in relocation 

decisions". International Symposium on Optimization ot Radia-

tion Protection. !AEA-SM-287/37 

14' 1966. 
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Radioactivity and fire:a hard challenge for the Risk 
Management 

UN UNACCEPTABLE RISK 
by Antonio Bazzan 

ENEA Casaccia- Safety and Health Protection Division- ITALY 

The intervention on a fire situation in which radioactive sources or nu 
clear materials are involved entails a whole of risks for the operator, the 
sum of what must be considered unacceptable. 

The Chernobyl event and the fatalities occurred to the Firemen present 
in the first phase of the accident are the more dramatic example of this 
almost axiomatic concept. 

But also in situation less dramatic the contemprary presence of fire and 
radiactive materials must be carefully considered in all the phases of realiz~ 
tion of the facility ( project, construction, exercise ) in a way that the 
prevention measures put in action or so sure and effective that the probability 
of occurrence of the accident come be very very low. 

The sum of two events must become pratically impossible. As a matter of 
fact parallel measures can be kept. 

THE RADIOACTIVE SOURCES: 

1. must be contained, when not in use, in closed metallic containers and 
stand in a "storage area" in which the "fire-charge" is very low; 

2. the mouvements of radioactive sources inside the facility have to take 
place along well defined ways; 

3. the experiences should be possibly managed in boxes with inert gas atmo 
sphere and the room should be slightly depressurized. 

FROM THE FIRE PREVENTION POINT OF VIEW: 

A. in the project the. internal distribution of "non-nuclear" areas must be 
well defined in parallel whit the escape ways; 

B. the "fire areas" must also be defined; 
C. the Risk Analysis must be very deep; 
D. the air-conditioning circuits must be able to avoid fire propagation 

( fire-stop shulters, fire-resistent filters etc.) 

MEASURES OF PREVENTION 

The principal concepts are well defined by the International Guidelines 
I.G. ) of the British Insurance Committee and collected between the principal 

insurance pools around the world. 



They can be outlined as follows: 

1. AUTHOMATIZED CONTROLS 
2. VENTILATION DEVICES PROJECT 
3. ALL THE ALARM SISTEMS MUST BE WELL VISIBLE AND WELL AUDIBLE IN LOCAL 

AND CENTRALIZED PANELS FOR IMMEDIATE IDENTIFICATION OF THE INCIDENT 
LOCATION 

4. ALL THE.INTERVENTION AND CONTAINMENT DEVICES (fire plugs, estinguishers, 
sprinklers, fire-doors, fire resistent comparts etc.) MUST BE REALIZED 
FOLLOWING THE BEST STANDARDS. 

5. PARTICULAR ATTENTION MUST BE PUT IN INSTALLATION OF ELECTRIC CABLES. 
6. THE "FIRE-AREAS" MUST BE SEPARATED FROM OTHER AREAS BY ANTI-FIRE 

BARRIERS 120 OR 180 R.E.I. 

All those rules must be collected in the safety report and in the exercise 
book. 

Finally, a detailed EMERGENCY PLAN must be prepared and frequent exercises 
must be performed. 

THE INTERVENTION ON THE FIRE 

Authomatic systems must be preferred, for example C02 systems or the more 
modern Halon systems according with the facility characteristics. 

All the systems will be doubled and have the possibility of authomatic 
and manual intervention. 

The probability of human intervention has to became very low. Nevertheless 
if the intervention is needed it must be planned knowing exactly the containe 
ment conditions of the radioactive materials. 

If necessary, a previous health-phisic technical control can be required. 
Once verified those conditions, the intervention can take place with mask, 

aqualung and a suitable suit, following the rules and procedures of the EMER 
GENCY PLAN. 

RISK MANAGER ROLE 

But first of all, the point which is considered the basement by the I.G. 
is the precise definitions of the roles and responsibilities, inside the faci 
lity, in regard to fire-protection and other safety measures: 

1. THE RESPONSIBILITY OF FIRE PREVENTION BELONG TO THE HIGHER DEGREE OF THE 
ORGANIZATION. 
SUCH A RESPONSIBILITY CANNOT BE DELEGATE. 

2. THE PROJECT AND REALIZATION OF THE PREVENTION PROGRAM CAN BE DELEGATE 
TO THE FIRE PROTECTION MANAGER, WHOSE POWERS MUST BE AT THE SAME LEVEL 
OF THE RESPONSIBLES OF THE VARIOUS LINES OF ACTIVITY. 
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HCW TO COPE WITH EMERGENCY FROM TRANSBOUNDARY RELEASES OF RADIOACI'IVI'IY 

ALICA BAUMAN 

Institute for M=dical Research and Occupational Health, 41000 Zagreb, Mose 

Pijade 158 

P~diation protection in Yugoslavia is regulated by federal legislation. 

During the accident in Chernobyl, the current Code of Federal P-.egulations 

defined only the level of radioactivity above which the authorities had to 

be infomed. The latest Code of Federal Regulations was issued only in August 

1986, three months after the Chemobyl accident, lacking many instn.cctions, 

which could have helped to avoid at least part of the financial losses. The 

greatest OIIlli'ission was the lack of defined intervention levels. I:espite 

all this, Yugoslavia was one of the few countries in Europe which had an 

operating radiological network, not established for the control of nuclear 

power stations. It was a left over from the tinE of nuclear experinEnts and 

was not disolved after the moratorium. In each republic and region one insti

tution is licensed to monitor environnEntal radioactivity. In the Republic 

of Croatia this is the Institute for M=dical Research and Occupational 

Health, the laboratory for EnvironnEntal Radioactivity. 

After the first infornation the about the Chemobyl accicent, in the 

rroming of April 29 the Republic Committee for Health Education and Social 

Welfare was infomed that the frequency and type of radioactivity nEasure

rrent in the republic network was increased. After t'1e first increase of 
131I in air the Federal Committee for Health Education and Public Welfa.re 

was iJrediatelly infornEd of the situation. The republic authorities famed 

an ad hoc InterdepartJrental Coordination Comrri ttee for Radiation EnErgency 

including rrembers representing health, agriculture , veterinary and meteoro

logy services, civil defense, the ai"nY, tourism, public infonn.ation and 

radiation protection experts. All the Jrembers of the interdepartJrental 

oommittee made their decisions after discussions. On the basis of the infor

mations reci ved through experts and soJre field infornation from civil 

eefense centers, decisions were made concerning necessary protective Jreas ures. 

The rreasures consisted in warning the population to shield the drinking 

water wells from fresh fallout and cover all the accesses to cisterns, 

along the Adriatic sea. Those cisterns filled with rainwater are in many 
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places the only source of drinking water. Fortunatelly, the accirent happened 

already during the dry season and only a few cisterns were oontarninated by 

fallout. Al the others were proparly shielded and no contaminatic:n occured. 

The rest of proposed measures was the same as all over Europe. Two aditic:nal 

handicaps aggravated the situation. First: the national holiday of the first 

of May which extenred to four days, when everybody who could, left their 

domicile to go somewhere else. Second: the national elections were just over 

and the outgoing governent and lower officials were not willing to be too 

reeply involved with an unprecedented situation. The newly elected members on 

all governmental levels, hoped, that this trouble would pass them by. This 

relayed in some instances the supply of reliable informations because the 

relegation of authority locally, was very often disturbed by the two above 

rrentioned. 

The pennissible contamination levels were defined also by a Federal 

Interrepa.rtrrental Coordination Committee. This Committee coopted on May 7 

radiation protection experts from all the institutes involved in radiation 

rreasurements and counterneasures from all the republics and autonomic 

regic:ns. 

<n May 15 all interrepartmental committees were dissolved and a perma

nent commission for radiological protection was founded at the fereral level, 

in all the republics and autonomic regions. 

The following lessons have been learned from the experience: 

In Croatia, due to the good organization of the moni taring network 

few well chosen samples defined the situation in the whole republic. A 

TLD network established several years ago, gave innrediate results. Moss 

game and lichen from locations unrer yearly control have been imrrediatelly 

collected and analysed. Naturally, that later on, thousands of samples 

have been analysed, many of them as a result of public fear. 

Unexpected good cooperatic:n in the ad hoc commission was probably a 

result of professional diversity of the rrernbers added by responsability. 

The cooperation with informationa media such as radio and TV-network was 

excellent but some difficulty presented several reporters from more 

sensation-oriented papers. 

A serious setback carre, where not expected, from the rredial service, 

especially gynecologists suggesting unneressary abortions. Even people 

from nuclear medicine were often unsure where to stand. 
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future PRA studies must tmclergo serious changes. New social and health fa

ctors must be included, such as heavy losses in future life through ab

orticns, disrupticn of normal life through elections and changes at the 

govemnental level and holidays which reduce governrrental staff at the deci

sion-making level. 

Other factors are: inadeqhuacy of the existing legislation necessity for 

unification of rrethodology to improve radiation protection. 
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THE COMPREHENSIVE EVALUATION OF THE RADIOLOGICAL 
HAZARD FROM SURFACE CONTAMINATION 

G.D. Whitlock 
Hughes Whitlock Ltd. 

PO Box 22 Malvern, Worcestershire, WR13 6SL, UK 

ABSTRACT 

The aim of this paper is to point out the inadaquaoiaa of indirect 
assay for the asaeasment of tha radiological hazard from aurfaca 
contamination and draw attention to the new International S~andard 
methods for comprahenaiva evaluation. 

The meaauremant methods by which tha immediate hazard aa wall 
as the medium and long term hazard potential can ba fully aaaaasad 
and the action necessary to control occupational exposure, ara 
described. 

It is argued that the laval of particulate activity revealed 
by the assay of wipes, is only part of tha immediate hazard if the 
surface contamination contains vola~ila fraction• as the•• ara not 
detected by this assay. 

The hazard from volatile contamination is greater than that 
from an equivalent activity in particulate form bacauea acme forma 
can be absorbed through tha akin of tha whole body a~faoa as wall 
as inhaled. 

Total surface activity must be determined to indicate the 
potential hazard From, contamination and aurFaca, daoompoaition. 
Both the madium term batwaen aurvaya and the long term for da
comissioning are considered, taking into account ageing and 
working practices. The combination of direct maaauramenta end 
assay by indirect means by which these hazards may be assessed is 
discussed, using tritium-aurfaca-oontamination aa an example, aa 
is the subsequent question of decontamination and ita evaluation. 

It ia concluded that technically it ia not'difficult to 
assess all aspecta of the hazard from low anergy amittara aa will 
be required by legislation incorporating the new International 
Standards. 
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COMPARATIVE EVALUATION OF WHOLE BODY COUNTERS FOR USE IN THE 
IMPLEMENTATION OF AN ICRP 30 INTERNAL DOSIMETRY PROGRAM 

James W. Neton and Mark T. Mercier 
Nuclear Data Inc. Golf and Meacham Rd. Schaumburg, IL 60196 

Introduction 

In order to implement an ICRP 30 based internal dosimetry 
program, a rapid and reliable bioassay evaluation method is 
needed. Direct bioassay (whole body counting) is the most 
desirable form of exposure assessment since it eliminates many 
underlying assumptions. Two commercially available whole body 
counting systems were evaluated for use in the assessment of 
intake (i.e., percentage of an annual limit of intake) and 
subsequent calculation of a fifty year dose commitment. A 
closed geometry three detector chair and a standup whole body 
counter were the two systems considered. 

The three detector chair simultaneously measures the lung, the 
lower torso and the thyroid gland and is considered to be a 
diagnostic device to be used in the assessment of intake and 
internal dose assignment. The standup counter is composed of 
two 4"x4"xl6" Nai(Tl) detectors mounted linearly in front of 
the subject. This detector arrangement provides for relatively 
high geometrical detection efficiency, but does not possess the 
organ specificity of the chair counter. Because of this, the 
standup counter is considered to be useful for screening 
purposes. Using the metabolic information contained in ICRP 30; 
however, both of these units can be used to calculate intakes. 

Using newly developed computer software based on ICRP 30 
methodology, organ specific retention patterns were generated 
for a variety of commonly encountered fission and activation 
products. The retention patterns were varied as a function of 
time. Calibration phantom data was then used to determine the 
response of each whole body counter to a particular nuclide 
distribution. 

Calculation of Retention Fractions 

The software package used to generate the retention curves 
calculates an intake by analytically solving a first order 
non-recycling compartmental model. The biological distribution 
of radioactivity in the body is described as a 20 compartment 
model with the initial compartment contents set to a 
predetermined value depending on the mode of intake. In 
addition, each compartment has an associated first-order 
transfer rate constant. Given the initial amounts of 
radioactive material in each compartment and the transfer rate 
constants between each compartment, the amount of material 
remaining at any time post-exposure can be calculated. A 
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representative retention curve generated by the program is 
given below in Figure 1. 
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The initial amounts of radioactive material deposited iP
each compartment is set by the program and depends on several 
factors. For an ingestion intake, the amount of material in the 
gastrointestinal tract is set to unity. For an inhalation 
intake, the lung compartment contents are set to the deposition 
fractions contained in the report of the ICRP Task Group on 
Lung Dynamics. The default deposition fractions for the initial 
lung contents are those for an assumed activity median 
aerodynamic diameter of 1.0 micron. For purposes of this 
investigation, all exposures were considered to be to 
inhalation of 1.0 micron particulate. 

Once the initial contents of each compartment were set, 
the fractional amount remaining in each compartment was 
calculated. The time periods post-exposure selected for 
evaluation were zero, 1 hour, 10 hours, 1 day and 30 days. The 
compartments in the field of view of each detector measurement 
geometry were then summed. For the closed geometry chair the 
lung measurement was assumed to view all of the lung 
compartments with the exception of the naso-pharyngeal region 
while the lower torso measurement was assumed to view the 
entire gastro-intestinal tract including the stomach and the 
upper and lower intestines. The thyroid measurement was assumed 
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to view only the thyroid gland. For the whole body standup 
counter, all of the body compartments were assumed to be in the 
field of view. The minimum detectable intake observed by each 
detector geometry was then simply calculated using the 
following expression: 

Minimum Detectable Intake Minimum Detectable Activity 
F 

where: F the total fraction of the initial intake 
viewed by the detector geometry. 

Calculation of Detector Responses 

The efficiency response of each measurement geometry from 
the chair and standup counter was obtained using bottle sources 
which were placed inside of a standard polyethylene based 
phantom which contains cavities for the simulation of lung, 
lower torso and thyroid organ distributions. The phantom was 
designed to conform to MIRD pamphlet No. 5 specifications. 
Efficiency response values were obtained for a series of 
isotopes covering an energy range from 165 keV to 1836 keV. 

After the efficiency response for each measurement 
geometry was generated, background counts for each detector 
were obtained by measuring an uncontaminated subject whose 
height and weight approximated that of standard man. In this 
way, the minimum detectable activity for the closed geometry 
chair and the stand up counter could be calculated. The minimum 
detectable activity calculation was performed at the 95 per 
cent confidence interval. The minimum detectable intake was 
then calculated by dividing the minimum detectable activity by 
the fraction of the initial intake present at each measurement 
geometry. 

Results 

Tables 1 and 2 give the results of the minimum detectable 
intake calculations for both the chair lung measurement 
geometry and the standup counter geometry at various times 
post-exposure. 

Table 1 

Minimum Measurable Intakes at Various Times Post-Exposure 
Standup Counter 

Minimum Measurable Intake (Bg) 
Nucl. Init 1 Hr. --- 10 Hr. ~ 10 Day 30 Day 

Cr-51 1406 1406 1443 1591 6660 11803 
Mn-54 152 152 152 163 481 629 
Co-58 152 152 152 167 666 851 
Fe-59 274 274 278 296 814 1184 
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Table 1 (continued) 
Nucl. Init 1 Hr. 10 Hr. 1 Day 10 Day 30 Day ---
Co-60 163 163 163 178 629 666 
zn-65 307 307 307 326 518 629 
Ru-106 1406 1406 1443 1554 5476 6031 
I-131 163 244 355 444 1408 9361 
I-133 181 281 518 1036 
cs-134 144 144 144 148 170 200 
Cs-137 148 148 152 155 178 200 

Table 2 

Minimum Measurable Intakes at various Times Post-Exposure 
Closed Geometry Chair (Lung Measurement) 

Minimum Measurable Intake (Bg:) 
Nucl. Init 1 Hr. 10 Hr. ~ 10 Day 30 Day ---
Cr-51 2257 2331 2923 3552 6401 11063 
Mn-54 207 237 274 322 518 703 
Co-58 207 215 266 322 518 629 
Fe-59 363 407 481 555 1036 1887 
Co-60 203 211 263 315 444 481 
zn-65 407 407 518 629 925 999 
Ru-106 2516 2627 3256 3885 5698 6068 
I-131 259 351 555 1184 2.3E8 2.4E21 
I-133 259 359 777 2368 
Cs-134 252 337 518 1036 9.2E7 1. 6E20 
Cs-137 274 366 555 1110 9.9E7 1.7E20 

The results demonstrate that the both systems are capable of 
measuring small intakes at short times post-exposure for both 
the insoluble (i.e., Co-60) and the soluble (i.e. Cs-137) 
nuclides examined. At longer times post-exposure; however, the 
lung measurement in the chair does not provide adequate 
sensitivity for soluble nuclides. This is due to the relatively 
rapid clearance of these nuclides out of the lung and 
subsequent deposition into other organs. For example, at 10 
days post-exposure, intakes for both Cs-137 and Cs-134 can not 
be adequately evaluated in the chair while the standup counter 
is still quite sensitive even out to 30 days post-exposure. 

Conversely, for some insoluble nuclides deposited in the 
lung such as Co-60 and Co-58, the chair measurement geometry 
provides somewhat better minimum measurable uptake capabilities 
at measurement times greater than 10 days post-exposure. In 
addition to this, the organ specific measurement capabilities 
of the closed geometry chair can be used to establish a 
subjects's own clearance patterns which can be used to 
calculate a more exact dose commitment. This ~recludes the use 
of using the default metabolic parameters contained in ICRP 30. 
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RAPID MONITORING OF PERSONNEL FOR INTERNAL CONTAMINATION 

Clive H. C. Dray 
NE Technology Limited 

Introduction 
There is a need to monitor persons for ingested radioactive 

materials. This requirement is related to both radiation workers 
and to the public at large where affected by such incidents as 
Chernobyl and the more recent problem in Brazi I with caesium. 

For many years this need has been met by the use of whole 
body monitors. However these are extremely expensive to instal 
and operate and as a consequence are not available in all centres 
that need them. This means that persons may have the worrying 
experience of travel ling a long distance to be exposed to a 
claustrophobic experience where in most cases there is no 
contamination problem at alI. 

Recently however a number of simple monitors have been 
developed which are cheap enough to be installed in most 
establishments and are able to confirm the necessity or not of 
the more thorough investigative properties of the whole body 
monitor. 

Practical Limitations of Measuring Internal Contamination 
The problems involved in designing equipment to meet this 

need are great. One being the typical person to be monitored, 
who is not typical. 

Heights of European adults vary from 143.5 to 194cm 
<excepting the 1 in 1000 extreme). If equipment was designed to 
check the chest of a tal I standing man it would be over the head 
of a smal I woman. Height adjustments to equipment can be time 
consuming and can be embarassing to some users. However if the 
user is sitting down the variation in shoulder height is only 48 
to 64.4cm and the variation in the height of the mid point of the 
lung even less. So one should seat the user. 

The user can also be slim or rotund; the thickness of the 
trunk varying from 14 to 43cm. Figure 1 shows the variation in 
sensitivity with position of a point source of caesium through a 
body using a large area detector <100mm x 100mm). The variation 
wi I I be even greater with smaller area detectors. So even in the 
case of a thin person the variation of performance through the 
body is 14.1 even assuming critical organs start Zcm from the 
body extremity. If however two detectors are used front and back 
the performance approximates to Figure 2. 

How can even this variation in detection efficiency be 
reduced? By the use of large area detectors. As well as the 
obvious increase in counting efficiency and uniformity of 
response in planes parallel to the plane of the detector, 
uniformity of response is also increased at right angles to this 
plane as i I lustrated in Figure 3. 
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We are therefore drawn to the use of two large area 
detectors with the user seated to provide the most uniform 
response to ingested material. There are however structural as 
wei I as background limitations to be considered in deciding on 
the area of the detector i.e. E2ts should be maximised as much 
as possible. 

CHANGE IN SIGNAL FROM 
SOURCE IN LARGE PHANTOM 

CAESIUM 137 

DETECTOR 10 X 10 em 

20 24 28 32 36 

DISTANCE FROM EDGE OF PHANTOM 
FIGURE 1 

VARIATION OF SIGNAL DUE TO CAESIUM 137 
SOURCE MOVED ACROSS 20cm THICK PHANT M 

WITH VARIOUS SIZE DETECTORS 
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FIGURE 3 

VARIATION OF SIGNAL DUE TO 
CAESIUM 137 SOURCE MOVED ACROSS 

PHANTOM 20cm THICK FROM TWO 
DETECTORS lOcm x 10cm 

FIGURE 2 
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Design 
For high sensitivity to gamma radiation the scinti I lation 

counter is ideal and to obtain large areas the only economic 
solution is the use of plastic or liquid. Very large inorganic 
crystal scinti I lators would be prohibitively e~pensive. Liquids 
have containment problems. 

However plastic detectors have a very poor energy resolution, 
but, the primary intention is to detect contamination not to 
identify it. The use of plastic phosphor also has the advantages 
of mechanical robustness and stability with temperature change, 
making instrumentation easy to maintain and allowing for designs 
which can can be used by unski I led operators. 

There is however a major problem in using very large gamma 
sensitive detectors, and that is the high sensitivity to 
background. The effect can be minimised by monitoring the 
background when not in use and subtracting this rate from the 
measured value. The user can however have considerable effect on 
the level of background both absorbing it and scattering it. To 
assess this effect a fairly standard sized person, known to have 
no internal contamination, can be used during setting up to 
determine the effect of the user on the radiation background 
being measured. This information can then be stored and 
subsequently used to adjust the background count subtracted from 
the measured count. 

The front detector can be made moveable against the body so 
that information can be provided as to whether the user is thin 
(ectomorphic) or rotund (endomorphic) so that further adjustments 
to the background signal can be made to account for body shapes. 
The thickness of the body can also be taken into account in 
calculating the contamination present. The signal to unit 
contamination relationship is highest for thin persons and this 
relationship is calculated on the assumption that the 
contamination is in the centre of the body. If the contamination 
is elsewhere the indication of contamination is likely to be 
slightly higher than the true contamination level. This depends 
on the variation of response of the equipment to contamination at 
that place from that at the centre. 

Conclusion 
We took account of alI the considerations given above in the 

design of the equipment shown in Figure 4. This equipment is 
extremely simple to operate and can if necessary be used by 
personnel without supervision. The only precautions necessary 
are to limit persons standing or moving near the equipment when 
operated in an elevated or very directional background environment 
since they wi I I disturb that environment considerably. 
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The minimum detectable activities that can be achieved when 
used for 10 seconds in a 0.1mSv/h <1D~R/h) background are as 
follows allowing 3.1 S.D on background. 

6Dco 
54Mn 
137cs 
133sa 
57 co 

180Bq 
370Bq 
440Bq 
440Bq 
930Bq 

<SnCi> 
<10nCi) 
<12nCi) 
<12nCi) 
<25nCi) 

The equipment has the advantage of high sensitivity to 
contamination trapped in any organ so no ingestion hazard should 
be missed even if the location of the entrapment is unforeseen. 

\.IIIIFORMI'TY IN A LARGE WATeR PHANTOM (CLOSE TO WORST CASE CONOITJON) SOUACEIOCo BACKGROlNl 0.1)1SUih 

Bq 
FRONT 

0 2 , 20 .. 3B ~o em 
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NOTE: FIGURES SHOWN ARE MJNIML.IU DETECTABlE ACTMT1ES rti.OA 1 

FIGURE 5 

A measure of the effectiveness of the use of the very large 
scinti I lation counters is i I lustrated in Figure 5; the water 
phantom simulating almost the most rotund. The uniformity with 
the 340mm by 300mm and 300mm by 600mm detectors is in fact very 
slightly better than would be indicated by Figure 3, this is due 
to the fact that the advantageous effects of scattering had not 
been taken into account in the preliminary calculations. One 
case where the performance of the final equipment proved better 
than that indicated by the initial theoretical predictions. The 
variation w{th Caesium 137 are very very similar. 

The technique used in this personnel monitor can also be 
used elsewhere where very high levels of sensitivity are required 
to detect smal I quantities of materials which may be anywhere in 
fairly large objects. A prime example is the monitoring to de 
minimus levels of sacks of waste prior to shipment from nuclear 
sites to standard domestic or other garbage dumps. 
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A VERTICAL SCANNING GERMANIUM WHOLE BODY COUNTER: THE ACCUSCAN-11 

Frazier L. Bronson 
Canberra Industries, Inc. 

One State Street 
Meriden, CT 06450 

INTRODUCTION 
The ACCUSCAN-11 was designed to fulfill the needs 

of two types of users. Nearly all nuclear power plants 
require two WBC systems for redundancy. One of these 
counters should be like the Canberra FASTS CAN (con
tains two large 4" X 4" X 16" Nal detectors) for rapid 
processing of the vast majority of the workers who have 
little internal deposition, or have uptakes that are sim
ple to interpret. The ACCUSCAN-11 is the ideal second 
counter and allows the user to more easily interpret 
these few, but very important situations where uptakes 
do exist. 

For the second type of user, facilities that only need 
one WBC system, the ACCUSCAN-11 is a perfect cho
ice. It can be operated in a high sensitivity mode, with 
the subject's lung (or thyroid, Gl, etc.) in contact with a 
non-moving detector for maximum sensitivity. Sub
jects can be quickly screened this way. When activity is 
found worth investigating further, the subject can be 
recounted in the total body scanning mode for better 
accuracy and to determine the precise source location. 

FIGURE 1 - MODEL 2280C2 ACCUSCAN-11 

The ACCUSCAN-11 uses one or two germanium 
detectors (Figure 1). The inherently superior energy 
resolution makes it easy to separate isotopes that are 
difficult to resolve with Nal detectors, and to quickly 
identify new or unusual nuclides. The detectors gener
ally scan during the count. As the detector moves, a 

positional spectrum can be simultaneously acquired. 
This positional spectrum will aid the user to determine 
the organ of location, or reduce the interference from 
external contamination, as an aid to more accurate 
dose determinations. A third advantage of germanium 
detectors is their wide dynamic range. This is espe
cially important in emergency situations where large 
internal depositions or contamination (e.g. one MPBB 
of 137Cs) will render high sensitivity Nal counters 
useless. 

ACCUSCAN-11 COMPONENTS AND SYSTEMS 
The shield is a full4" of low background steel around 

the subject and 2" lead around the detectors. It is a 
complete 4 pi shadow shield and can be used in ele
vated background areas. There is an optional cryostat 
design which includes external lead shielding between 
the detector and the dewar. The shield weighs about 
9000 lbs (4000 kg), but is in small enough components 
to allow manual assembly, if necessary. The subject 
can be counted standing (for full body scans). or seated 
(for longer count times of a limited portion of the body). 
When standing, counts can be done from the front and 
then from the back to achieve the maximum accuracy 
and independence of source location. The subject can 
stand or sit against the back wall for best accuracy, or 
can lean against the detector in a high sensitivity mode. 
Figure 2 shows these various ways the ACCUSCAN-11 
can be used. 

The ACCUSCAN-11 is available in three basic ver
sions. Model 2280A is the most basic and least expen
sive. It has the full complete shielding, an adjustable 
speed motor drive for the detector, a 25% relative effi
ciency detector, and a Series 35 PLUS 2048 channel 
MCA. The internal firmware of the MCA is used to find 
peaks, determine their energy, determine their identity, 
and to determine net peak area. This is an ideal system 
for those facilities which have few people to count, or 
limited funds. As needs change, the system can be 
upgraded. 

Model 22808 includes a DEC computer and the 
ABACOS-11 software. It is delivered as a turnkey sys
tem, with phantoms, sources, factory calibration, all 
parameters in the software loaded, and is ready to 
count. The standard computer is the MicroVAX-11, 
however the MicroPDP 11/53 is a less expensive 
alternative. 

The 2280C1 is a fully automatic system. The scan 
drive is by means of a computer driven programmable 
stepping motor. With the added multichannel scaling 
(MCS) capability, a spectrum containing total counts 
vs. position is stored in a portion of the MCA memory 
and displayed. This occurs automatically and simul
taneously with the energy spectrum acquisition and 
display. The information derived from the positional 
display is useful to properly determine the organ of 
deposition, which is necessary to correctly calculate 
dose. The 2280C2 adds a second Germanium detector. 
This increases efficiency, reduces the LLD or the 
count-time, and increases reliability through redun
dant components. 
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TOTAL BODY SCAN 
• Full length scan 
• Total body count 
• FronVback count 
• Diagnostic position for maxi

mum accuracy 
• Positional information for 

proper dose determinations 

LUNG-THYROID 
SCREENING 
• Lung/thyroid combination 

screening count 
• Removable thyroid shield plug 

FIXED POSITION
DIAGNOSTIC 
• Fixed position count or limited 

length scan 
• Diagnostic mode for accuracy 
• Can view thyroid, lung and Gl 

tract 
• 3X more sensitive than total 

body scan 
• Can be repeated from back for 

maximum accuracy 

SEATED COUNTING 
MODE 
• Chair diagnostic mode (against 

wall) 
• Chair screening mode (against 

detector) 
• For longer count times 

FIXED POSITION
SCREENING 
• Fixed position count 
• Screening mode for sensitivity 
• Can view thyroid. lung or Gl 

tract 
• 2X more sensitive than diagnos

tic mode 
• Can be repeated from back for 

maximum accuracy 

SAMPLE COUNTING 
• Same system can be used to 

count a wide variety of sample 
sizes 

• Low background shield 
construction 

• Shadow shield construction
no door to open and close 

• Virtually same background as 
full shield for energies> 250 
keV 

FIGURE 2 - VARIOUS COUNTING GEOMETRIES OF THE ACCUSCAN-11 



For the computer based systems, operation with 
ABACOS-11 is extremely simple for the pre-configured 
routine counting conditions. It is also very flexible 
when using the special operations mode. Extensive 
error checking is used to reduce operator input mis
takes. The multi-user, multi-tasking software, and the 
use of a separate stand-alone MCA and computer, 
allows counting of the next subject while the previous 
spectrum is undergoing analysis. Furthermore, the 
separate components make troubleshooting easier, 
and allows operation using the MCA if the computer is 
inoperable. 

ABACOS-11 SOFTWARE 
The key element to transform a group of detectors 

inside a shield to a complete, successfully operating 
WBC system capable of performing in a production 
environment is the software program. The software 
must efficiently convert the spectra into a well docu
mented, reliable, legally defensible record. ABACOS-11 
has been designed specifically for the unique and 
demanding purpose of spectral analysis for whole body 
counting. It is menu driven, and therefore, very easy to 
learn and to operate. All operator responses are 
checked for validity, to minimize incorrect data entries. 
After starting the count, and answering the demo
graphic entries, the entire sequence of STOP/TRANS
FER/ANALYZE/REPORT is automatically performed 
by ABACOS-11. Because of the program structure, a 
new count can start after the transfer task is complete. 
The analysis and reporting tasks operate in parallel 
with the next acquisition. 

The system can be pre-configured by the whole body 
counting manager in a wide variety of ways. Even if the 
system is pre-configured for a certain standard set of 
conditions (library, efficiency, energy range of analy
sis, etc.), these conditions can be easily changed on a 
case-by-case basis for further reanalysis of the same 
spectra, without recounting. 

A drawback of most programs for analysis of low 
intensity peaks has been the peak search routine. It is a 
well recognized problem that searching for small peaks 
in low-count spectra is a difficult task. Sometimes the 
peak search routine is too sensitive, and finds many 
false positive peaks. Reducing the sensitivity to false 
positives also makes the false negatives increase, so 
that peaks near the calculated MDA will not reliably be 
found. Canberra has solved this probelm by implement
ing a unique library-driven peak search in ABACOS-11. 
This technique truly allows near-MDA peaks to be reli
ably found, even if they are only a few counts in area or 
on a zero-count background. Furthermore, this tech
nique still allows corrections for interferences from 
adjacent peaks or from the underlying Compton 
continuum. 

A critical element in an in vivo measurement system 
is Quality Assurance. ABACOS-11 has an internal QA 
program that automatically tracks three types of QA 
counts (check sources, blanks, and duplicates). Each 
of these count types has user-adjustable predeter
mined limits of acceptance. If any of the results is out
side its limits, then the operator is notified immediately. 
Twenty-five different parameters are tracked, and can 
have high and low warning levels. The results of the QA 
program can be printed out in a tabular form, and/or 
plotted on the printer for quick visual review. 

To prevent unauthorized changes in parameters, 
data, or reports, there are six different user definable 
passwords within ABACOS-11. Each password protects 
a separate function, and can therefore be distributed to 
different user levels. ABACOS-11 can print out the 
MDAs (user selectable) for peaks and/or nuclides 
searched for, but not found. The definition of MDA is 
also user definable (e.g. 1 sigma, 3 sigma, 4.66 sigma) 
and allows the use of the 2.71 constant to account for 
low-count statistics. ABACOS-11 also provides spectral 
and efficiency plots from the computer. The CIMPA 
plotting package is used by ABACOS-11, and is option
ally available, along with the necessary hardware. 

PERFORMANCE RESULTS 
Figure 3 demonstrates the typical LLDs of the 

ACCUSCAN-11. The LLD is calculated using 5% proba
bility of type I and type II errors, i.e. the activity equal to 
2.71 + 4.66 (BKG)m A 5 minute count time was used. 
Shorter count times can be used, but the LLD is 
increased accordingly. The efficiency was determined 
using the Livermore/Humanoid torso phantom. The 
background is from an average subject containing only 
40K. The gamma abundance was assumed to be 100% 
for the chart. Therefore, divide the LLD shown by the 
actual gamma abundance of the nuclide of interest. 
One or two germanium detectors are used, as noted, 
each 25% relative efficiency. 

Curve A represents a total body scan, with the source 
in either the lung or the total body, and the subject in 
the diagnostic position. Curve B represents a lung 
scan, with the source in the lung, and the subject in the 
diagnostic position. Curve C is a stationary detector, 
with the source in the lung, and the subject in the 
screening position. 

10.0 
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FIGURE 3- TYPICAL ACCUSCAN-11 
LOWER LIMIT OF DETECTION 



URANIUM/PLUTONIUM LUNG COUNTER USING MULTIPLE GERMANIUM DETECTORS 

Frazier L. Bronson 
Canberra Industries, Inc. 

One State Street 
Meriden, CT 06450 

INTRODUCTION 
The accurate measurement of the lung deposition of 

Actinides such as Uranium, Plutonium, and Americium 
is a critical need of the facilities dealing with these 
materials. Traditionally, Nai!Csl phoswich detectors 
have been used; however, in recent years extensive 
progress has been made using high purity germanium 
detectors. Their main advantages are a more positive 
identification of radionuclides, somewhat greater sen
sitivity, and less interference from higher energy 
gamma rays. While the phoswich detectors have higher 
efficiency, the much higher resolution of the ger
manium detector provides better photopeak-to
background ratios and a better background correction 
capability. The detection of U/Pu/Am is particularly a 
problem where there are concurrent depositions of 
higher energy nuclides (e.g. 137Cs from Chernobyl, or 
6°Co from reactor maintenance). The environmental 
137Cs from Chernobyl has essentially made phoswich 
detectors useless for plutonium on workers in Europe. 
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The move from the concept of using germanium 
detectors in a research facility to using them on a work
ing system in a production environment, however, 
required a unique mechanical design for the detector 
and cryostat, special software, as well as a sophisti
cated approach to the shielding of the subject. This 
system incorporates the experience yained in design
ing, manufacturing and operating nearly 100 WBC sys
tems, including six previous U/Pu Lung Burden sys
tems. The result is a complete, turnkey system specifi
cally tailored to the measurement and analysis of U/Pu 
lung burdens on a routine basis. The system recom
mended consists of a steel shield, 4 to 8 Intrinsic Ger
manium detectors and associated electronics, a multi
channel pulse height analyzer, a DEC computer system 
for data analysis, and Canberra's proven ABACOS-11 
software. 



SHIELD 
The shield is 6" thick, and is constructed of certified 

low background steel, from a source that insures the 
absence of 6°Co. Lead is an undesirable material for low 
background shields. All lead (even so-called old, virgin, 
or low background lead) has radium and thorium, 
which have peaks that interfere with the very low level 
of U/Pu measurements to be made. 

The conventional Pb/Cd/Cu liner is not beneficial in 
U/Pu lung systems where the detectors are in contact 
with the subject (a low Z material). This extra expense 
can be avoided. It is beneficial, however, to add a thin 
graded-Z liner around the portion of the detectors not 
in contact with the subject (sides and back). This low
ers the background about 15%. 

The typical shield has inside dimensions of6' wide, 6' 
tall, X 4' deep; other sizes are available. If desired, the 
shield can be built from stacking interlocking modules, 
allowing assembly inside an existing structure. 

The interior of the shield is covered with a low back
ground wall lining and floor covering. The interior is 
lighted, ventilated, has an intercom, a music system 
and has a closed circuit TV camera to view the subject. 

DETECTORS 
The detectors are Canberra's LEGe type, a design 

now copied by other manufacturers. This is a low pro
file coaxial detector, with better resolution and back
ground performance characteristics than planar detec
tors of comparable size. The recommended size is 20 
cm2 area, and 20 mm thick. The detector thickness is 
optimized for the minimum MDA of nuclides from 
60-200 keV. Both 4, 6, and 8 detector configurations 
are available. 

The detectors are mounted in Canberra's newly 
designed multi-attitude cryostat, the ACT -I. The ACT -I 
is a unique low background configuration designed for 
maximum density detector arrays. The small (2.75") 
diameter endcap and the 3.5" diameter cryostat are 
critical in obtaining the maximum efficiency from an 
array of detectors on the chest of a subject. All mate
rials are selected or tested for low background, result
ing in a background spectrum virtually free of peaks 
from contaminants in the detector package. The rear 
mounted preamplifier keeps cables away from the sub
ject's face, and the printed circuit board away from the 
detector. The ACT-I is only 28" long, allowing smaller 
shield size than longer designs. The detector can rotate 
to 180 degrees without LN spillage on the subject, an 
important safety consideration. The holding time is 24 
hours. 

Important to the maintenance of the low background 
performance of the LEGe detector is separating and 
shielding radio-sensitive items (detector) from other 
potentially radioactive items (dewar, subject). Internal 
tungsten or lead shields are not desirable because of 
additional cool down times, and because of the inherent 
radioactivity of tungsten. For low level counting they 
typically increase the background. Canberra's unique 
Remote Detector Chamber (ROC) allows a removable 
external detector shield to be placed surrounding the 
detector, thus shielding the detector from the cryostat, 
the preamplifier, and the scattered radiation back
ground environment. With the ROC, the expense of a 

Pb/Cd/Cu graded lining on the inside of the shield can 
be avoided. The Canberra ROC allows shielding to be 
placed around the sides and back of the detector ele
ment, thereby using a much smaller amount of material. 

SUBJECT-DETECTOR POSITIONING MECHANISM 
AND LIQUID NITROGEN FILL SYSTEM 

The subject is seated in a semi-reclining position in a 
chair geometry. This geometry is the optimum for mini
mum chest wall thickness (especially females and large 
males) and also is more comfortable than fully reclined. 
The detectors slide out of the way, and the chair slides 
out of the shield for easy subject loading. The chair 
mass is minimized to avoid background contribution. 
All components used for the subject-detector position
ing mechanism are tested and chosen for minimal 
radioactivity. When a subject containing only 4°K is 
counted for 60 minutes, no peaks interfering with 
Pu/U/ Am will be statistically present (greater than the 
LLD). 

A simple, (and therefore quite reliable) LN 2 filling 
system is supplied. This system is automatically 
enabled by means of a programmable timed controller 
system. There is also a manual fill capability. Typically, 
the programmer would be set to fill at times when the 
system is not being used (e.g. 6 AM) Each detector has 
a detector temperature monitor with visual indicator 
and audible alarm, and a bias disable circuit to remove 
HV if the detectors warm up. 

ELECTRONICS 
The electronics consist of independent bias supplies 

and amplifiers for each detector. The amplifier contains 
an ultra-fine gain control to allow precise matching of 
the detector spectra. Each detector's spectrum is stored 
separately in the MCA. 
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To provide the ability to function if the computer is 
inoperative, an independent standalone MCA is pro
vided (the Canberra Series 35 PLUS, with 8192 chan
nels of memory). Other MCAs are available offering 
more channels of memory (to 64 K) and/or color display. 

The MCA is controlled by either a DEC MicroPDP-11 
RSX based computer system (least expensive) or, the 
recommended MicroVAX-11 VMS based computer sys
tem (faster, more future expansion). 

SOFTWARE 
The key element to transform a group of detectors 

inside a shield to a complete successfully operating 
WBC system capable of performing in a production 
environment is the software program. The software 
must efficiently convert the spectra into a well docu
mented, reliable, legally defensible record. ABA COS-II 
has been designed specifically for the unique and 
demanding purpose of spectral analysis for whole body 
counting. It is menu driven and therefore very easy to 
learn and to operate. All operator responses are 
checked for validity, to minimize incorrect data entries. 
After starting the count, and answering the demo
graphic entries, the entire sequence of STOP/TRANS
FER/ ANALYZE/REPORT is automatically performed 
by ABACOS-11. Because of the program structure, a 
new count can start after the transfer task is complete. 
The analysis and reporting tasks operate in parallel 
with the next acquisition. 



The system can be pre-configured by the whole body 
counting manager in a wide variety of ways. All spectra 
can be analyzed and reported separately, or as a single 
summed analysis of all detectors, or as two analyses of 
two detector groups each (left and right lungs). Even if 
the system is pre-configured for a certain standard set 
of conditions (library, efficiency, energy range of analy
sis, detectors to be summed). these conditions can be 
easily changed on a case-by-case basis for further 
reanalysis of the same spectra, without recounting. 

A drawback of most programs for analysis of low 
intensity peaks has been the peak search routine. It is a 
well recognized problem that searching for small peaks 
in low-count spectra is a difficult task. Sometimes the 
peak search routine is too sensitive, and finds many 
false positive peaks. Reducing the sensitivity to false 
positives also makes the false negatives increase, so 
that peaks near the calculated MDA will not reliably be 
found. Canberra has solved this problem by implement
ing a unique library-driven peak search in ABACOS-11. 
This technique truly allows near-MDA peaks to be reli
ably found, even if they are only a few counts in area or 
on a zero-count background. Furthermore, this tech
nique still allows corrections for interferences from 
adjacent peaks or from the underlying Compton 
continuum. 

A critical element in an in vivo measurement system 
is Quality Assurance. ABACOS-11 has an internal QA 
program that automatically tracks three types of QA 
counts (check sources, blanks, and duplicates). Each 
of these count types has user-adjustable predeter
mined limits of acceptance. If any of the results is out-
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side its limits, then the operator is notified immediately. 
Twenty-five different parameters are tracked, and can 
have high and low warning levels. The results of the QA 
program can be printed out in a tabular form, and/or 
plotted on the printer for quick visual review. 

To prevent unauthorized changes in parameters, 
data, or reports, there are six different user definable 
passwords with in ABACOS-11. Each password protects 
a separate function, and can therefore be distributed to 
different user levels. ABACOS-11 can print out the 
MDAs (user selectable) for peaks and/or nuclides 
searched for, but not found. The definition of MDA is 
also user definable (e.g. 1 sigma, 3 sigma, 4.66 sigma) 
and allows the use of the 2.71 constant to account for 
low-count statistics. ABACOS-11 also provides spectral 
and efficiency plots from the computer. The CIMPA 
plotting package is used by ABACOS-11, and is option
ally available, along with the necessary hardware. 

PERFORMANCE 
The LLD for a 4 detector system has been calculated 

as the activity equivalent to 2.71 + 4.66 (BKG) 112. Back
ground is from a 30 minute count of standard size 
person (23 mm chest wall thickness) containing only 
4°K. When comparing different systems, care should be 
exercised to assure a consistent definition of the LLD. 
More detectors, longer count times, less 4°K, thinner 
chest wall, ignoring the 2.71 factor, and different confi
dence level will all generate lower LLDs. 

LLD 239Pu 241Am za•Th zasu 

75 nCi 0.10 nCi 1.0 nCi 0.10 nCi 



A SAFE INFRA-RED Nd:YAG LASER FIBEROPTIC GUIDE SYSTEM 

Zahoor M. Alvi, Ph.D. 
Northrop Corporation 

2301 West 120th Street, Hawthorne, CA. 90250, U.S.A. 

ABSTRACT 

Laser marking or engraving of serial numbers and identifications on strategic 
metals such as Beryllium is attractive as a non-contact and superior method. 

The laser 5y5tem of choice i5 the Neodymium-VAG solid rod laser which produces 

a sharp infra-red beam at 1.064 pm wave-length. The design calls for a beam of 

250 pm numerical diameter and power output of 75 - 100 Watts cw or Q-Switched. 

For the purpose of laser marking, it is not advisible to transport toxic metals 

such as Beryllium outside the 'controlled' environment. A 'remote' marking 

system was developed utilizing a fiberoptic delivery system. The laser beam 

is readily transmittable through a plastic clad pure SILICA CORE fiber 300pm 

in diameter. Around the hard acrylic clad there is a TEFZEL buffer enclosed 

by Kevlar webbing. The outermost jacket is made of polyurethane. The overall 

diameter is 2-4 mm. The special cable is further sheathed in EMT light gauge 

flexible galvanized steel conduit ~~~ dia. passing above the false ceiling in an 

industrial building. The distance between the source laser and the workstation 

inside the Beryllium room is about 300 feet a distance across which there is a 

laser beam power loss of about 1 db or about 20% loss. The loss at each end of 

the fiber is about 5%. Thus a loss of 30% occurs making the 'delivered' laser 

beam little over 50 Watts. Galvanometer X & Y Mirrors move the beam under computer 



A HIGH RELIABILITY PERSONAL ALARM DOSEMETER 
WITH A SEMICONDUCTOR DETECTOR 

Toshikazu Suzuki, Yoshiyuki Nagase, Takeshi Ishikura, 
Eisuke Okamoto and Yoshiteru Yoshida 

Tokyo Factory, Fuji Electric Co., Ltd. 
Fuji-cho 1, Hino, Tokyo 191, Japan 

SUMMARY 

A personal radiation exposure dosemeter in nuclear power 
plants and other nuclear-related facilities was developed. This 
is equipped with a semiconductor detector and is provided with a 
wider measuring range and longer service life compared with a 
conventional one using a GM counter. This is also provided with 
data transmitting functions using an optical communication system. 

FUNDAMENTAL COMPOSITION 

Figure 1 shows a block diagram of the present dosemeter. The 
detecting part employs a-Si:H/C-Si heterojunction diode made by a 
plasma CVD (Chemical Vapor Deposition) process. An amplifying 
circuit, a discriminating circuit and a bias circuit (T15Vl 
compose a hybrid integrated circuit with the diode. The whole 
circuit is controlled by a 4-bit one-chip micro-processor. 
Counting pulses from detecting part are arithmetically processed 
and displayed as an integrated dose by LED. 

Alarm lever setting can be made with a manual alarm setter. 
An electronic buzzer is put into operation when the integrated 

dose has reached the set alarm value. A data communication 
circuit connect the information with an external computer system 
through an optical communication system. 

A power source using Ni-Cd chargeable batteries is normally 
monitored by a voltage drop detecting circuit. 

CHARACTERISTICS 

The present dosemeter is characterized as follows: 
(1) Less than 2.8 x 10-t%/10 3 hr in failure rate has been 

achieved. 
(2) Two types of energy response are available. (See Figure 2) 
(3) Continuous operation is ensured over 12 hours in the 

temperature range of 0 - 50°C 
(4) All the information on the dosemeter conditions, including 

integrated dose, built-in battery voltage, operating status 
and set values, can be outputted to an external system. 

(5) Accurate and stable measurement is ensured both in N-16 
high-energy gamma-rav (6 MeV) atmosphere and in high dose 
rate conditions (up to 50 R/hr). (See figure 2, 3) 

(6) The present detector is provided with self-diagnosing 
functions such as battery voltage drop detection as well as 
detector self-check in the natural background. 

1oa:> 



(7) The present detector, compact in thickness (see figure 4) and 
light in weight (approximately 200g) 

1 
can be carried in a 

pocket of workinq clothes. 

REFERENCE 

(1) M. Yabe, et al.: Nuclear Instruments and Methods 193 63 
(1982) 

Fig.l. Block diagram 
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TOWARDS AN 'AUTOMATED TLD SYSTEM THAT MEETS 
INTERNATIONAL REQUIREMENTS 

L. B0tter-Jensenl) and v. Vanamo2) 

1) Ris0 National Laboratory, DK-4000 Roskilde, Denmark 
2) Alnor OY, SF-20101 Turku, Finland 

1. INTRODUCTION 

The new recently introduced fully automated TLD system 
developed by Alnor OY on the basis of the Ris0 prototype (1), is 
intended to meet draft IEC/ISO proposals and ANSI requirements. 
Part of the system is a personal dosemeter badge and an environ
mental dosemeter package following ICRU recommendations. 

The overall system consists of a software-controlled auto
mated reader, a programable irradiator/ calibrator, a computer, 
and dosemeters for environmental, whole body, extremity and 
clinical applications. 

The personal TLD badge that contains four TLD pellets is 
designed to agree wigh ICRU Hp(lO) and Hs(0.07) quantities for 
determining dose equivalent. The badge can accommodate a large 
variety of the most commonly used solid TL dosemeter products. A 
special effort was put into the evaluation of skin dose by con
sidering the use of graphite-mixed hot-sintered LiF pellets (2). 

The TLD system is described and results from a performance 
test that comprised measurements of photon energy response, 
angular dependence, and reproducibility are presented. 

2. SYSTEM CONFIGURATION 

2.1. The Alnor TLD reader and irradiator/calibrator 

The automated Alnor TLD system consists of a software
controlled reader unit and a programable Sr/Y-90 irradiator/ 
calibrator unit both of which can be loaded with identical cas
settes containing dosemeter cards. 

The read-out system is based on heating solid TJ~ detectors 
with a hot nitrogen jet. The reader is equipped with a high
performance single photon counting system, and it measures and 
files raw glow-curve data by means of an on-board computer. 
Alternatively, data can be transferred to a host personal computer 
adapted to specific user requirements with software. The beta 
irradiator/calibrator unit can be programmed to give either equal 
doses for normalisation of individual TL detector sensitivities 
or stepwise increased individual doses to obtain response versus 
dose calibration curves. 



2.2. The Alnor TL dosemeter card 

The new Alnor TL dosemeter card consists of a two-part 
moulded plastic unit developed for automatic processing. The dose
meter slide contains four solid TL detectors kept in depressions 
and an identification number with corresponding hole code. The 
slide cover has four positions, three for interchangeable filters 
and a fourth as an open window position (3.5 mm diameter) with 
450 shaped edges. 

Fi~~ The Alnor TLD per
sonal badge, dosemeter card 
and finger dosemeter. 

3. SYSTEM PERFORMANCE 

Any solid TL dosemeters with 
max. dimensions of 4.5 mm dia
meter x 0.9 mm can be used with 
the TL dosemeter card. Twenty 
dosemeter cards are contained in 
each cassette and ten cassettes 
may be loaded in an automatic 
cassette feeder system that is 
also provided. 

The dosemeter card fits in
to the Alnor personal TLD badge 
made of plastic material (see 
Fig. 1) . 

For environmental monitoring 
purposes dosemeter cards contain
ing four LiF dosemeters are kept 
in a welded plastic bag to with
stand weather conditions. Each 
environmental dose is thus deter
mined from the mean value of four 
in~ividual dosemeter responses. 

A single photon counting technique in connection with the 
time-controlled multiscaling system of the Alnor reader produces 
glow curves as histograms over typically 120 counting channels. 
Channels at low- as well as high temperatures can easily be dis
criminated by the software resulting in a fraction of the glow curve 
being centred around the stable glow peak. A proper discrimination 
can thus exclude both unstable low-temperature peaks as well as 
thermal background signals at high temperatures. 

Experience with repeated measurements has shown that as far 
as low dose measurements are concerned oven annealing of LiF mate
rials can be replaced by annealing performed as a normal read-out 
in the reader when combined with a proper time discrimination of 
the TL glow curve, whereby even a higher reproducibility is ob
tained. 

Reproducibility of the Alnor TL syste~ including the Alnor 
beta doser was tested with repeated measurements of batches of 
different TL dose~eters exposed to a beta dose equal to 1 msv Co-60 
gamma irradiation. No annealing other than a normal read-out was 
applied. Low-temperature peaks and thermal background were removed 
by software time discrimination of the obtained glow curves. 



Measurements were carried out each day over a 7-day period 
with LiF, TLD-700, hot-pressed round pellets, and Li2B407:Mn, 
Alnor, hot-sintered round pellets. At the same time the reproduci
bility of the LED stability test facility of the Alnor reader was 
tested. The results are listed in Table 1. Figure 2 shows a typical 
glow curve of LiF, TLD-700 with the selected time discrimination 
indicated by the painted fraction. 

Table 1. Reproducibility of the 
Alnor TLD system. Dose: Alnor 
beta doser (~1 mSv Co-60). 

Light 
Day Li2B407:Mn LiF-7 source 

E 1 
148 

11!5 

78 

no. (Alnor) (Harshaw) (LED) ~ 
1 1.000 1.000 1.000 
2 0.999 0.976 1.000 
3 0.992 0.988 1.001 
4 0.986 0.976 1.000 
5 0.996 0.981 1.004 
6 0.994 0.976 0.993 
7 0.967 0.971 0.989 
Meaii--o.99I-- o.981----o:-998 
SD ( % ) _ _!_~- ____ !_~---0_. 5 __ 

Fi~~ Glow curve of LiF, 
TLD-700. The intregration 
area is indicated. (Dose~ 
1 mSv Co-60) • 

4. DOSIMETRIC PERFORMANCE OF THE ALNOR TLD BADGE 

The dosimetric performance of the Alnor TLO badge was 
investigated for exposures to photon and beta radiations. For 
personal monitoring the ICRU quantities ~2_(10) and Hs(0.07) are 
considered for photon radiations and Hs(0.07) for beta radiations. 

Photon energy response curves were obtained with different 
dosemeters contained in the new Alnor dosemeter card equipped 
with different filters (one window position) and attached to a 
cubic perspex phantom with dimensions 300 x 300 x 300 mm. Photons 
were ISO quality X-rays of 17 keV, 33 keV, 48 keV, 65 keV, 100 
keV, 161 keV, and 248 keV in addition to gamma photons from Cs-
137 and Co-60 sources. The measured values were converted from 
cubic to spherical shape by calculations following the procedure 
of Grosswendt et al. (3). 

An example of the photon energy response of the depth dose 
and skin dose detectors of the Alnor TLD badge equipped with LiF, 
TLD-700 dosemeters, and 1 mm aluminium filters (one window posi
tion) compared with the energy dependence of the ICRU conversion 
coefficients that convert the dose in free air to Hp(lO) and 
Hs(0.07) quantities is illustrated in Fig. 3. 

to as 



2.11 

0 

1.0 

(10) 

0 

Depth-dose position 
LiF TLD-7811 
Filter: 1 m AI 

2.11 

0 

1.0 

0 

Skin-dose position 
LIF TLD-71111 

0 
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10 100 1000 10 100 1000 
keV k~ 

~_h The photon energy response of the Alnor TLD badge com
pared with the ICRU Hp(lO) and Hs(0,07) quantities. (O = measured 
values.) 

The angular dependence of the TLD badge was measured 
with LiF TLD-700 dosemeters. TLD badges were attached to a cubic 
perspex phantom that was turned in two planes and exposed to 
65-keV X-rays. The results compared with conversion factor values 
given by Grosswendt et al. ( 3) are presented in Table 2. 

Table 2. Angular dependence of the Alnor TLD badge (LiF, TLD-700). 
Irradiation: 65 keV X-rays. 

Horizontal plane Vertical ~lane 
Angle(a) oo 200 40o~ --oo 2oo 40 6oo 
Alnor -Tmeas:-r- --1. ooo:980:"930.ss-·---r:-ooo.980.970.87 
PTB(HlO,a) 1.00 0.99 0.94 0.83 1.00 0.99 0.94 0.83 
Alnor7PTB 1. 00 0. 99 0. 99 1 :-tf2"---l. 00 0. 99 f. 03 1. 05 

5. CONCLUSION 

The new Alnor TL system has proved to have an excellent 
stability, and a high flexibility is achieved due to the ability 
of the dosemeter card to accommodate a large variety of different 
filters and TL dosemeter products. The measurement results demon
strate that the system satisfies international requirements well. 
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CONTAMINATION CONTROL: INSTRUMENTATION AND MEASUREMENT 
TRENDS IN THE USA 

Eric L. Geiger and Steven B. Willhoite 
Eberline Instrument Corporation 

P.O. Box 2108, Santa Fe, New Mexico 87504-2108, USA 

ABSTRACT 

Microcomputer-based systems using large area gas-flow proportional and 
scintillation detectors have greatly reduced the need for hand-probe frisk
ing at most nuclear power plants in the USA. Instrumentation purchased in 
recent years for contamination control takes advantage of microcomputer
based electronics to automatically update background and set alarm points 
at statistically significant levels above background. 

The driving force for trends toward improved instrumentation has been 
reduction in cost for contamination control and waste disposal. A side 
benefit has been improved performance, with more likelihood of contaminated 
material being detected. Replacement of hand-probe frisking with total 
body personnel contamination monitors has saved enough time during a single 
reactor shutdown to pay for the new equipment. Similar savings have been 
achieved using box-type tool contamination monitors. 

One USA trend is to reduce the volume of low level waste (LLW) by using 
a combination of a sorting table and conveyorized contamination monitor, 
with final checking in a box-type bagged waste monitor. These waste moni
tors use gas-flow proportional and scintillation detectors to provide 
assurance that significant amounts of contaminated material will not be 
missed. 

The latest generation of laundry monitors is similar to the conveyor
ized waste monitors. Gas-flow proportional detectors. are being used in 
applications that require the detection of alpha and beta contamination. A 
combination of gas-flow proportional and scintillation detectors is being 
used at nuclear power plants to detect hot particles and distributed con
tamination. 

Five years of almost daily use has proven the value of computerized 
contamination monitors installed since 1982 in nuclear power plant and U.S. 
Government facilities. 
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Recent Biological Developments 
of Importance in Radiation Protection 

Warren K. Sinclair 
National Council on Radiation Protection and Measurements 

Bethesda, Maryland, U.S.A. 

In the decade since the last maior recommendations of the 
ICRP (ICRP, 1977) developments have occurred in all phases of our 
knowledge of radiobiological effects. Many of these have a direct 
impact on raniological protection and must be accounted for in any 
revision of the ICRP's basic recommendations. 

Among the many topics that ICRP, and especially its Committee 
I, has under consideration for the revisions of Publication 26 
( ICRP, 1977), a few representative i terns are selected for 
discussion. These include the risk of cancer induction, the risk 
of the induction of mental retardation, effects on the skin, and 
auality factor. 

THE RISK OF CANCER INDUCTION 

Cancer induction has emerged as the primary stochastic effect 
of radiation at low doses which must be considered in radiation 
protection. (Genetic effects are also of great importance but 
reauire a separate discussion.) 

Chanaes Since 1977 
Additions have occurred in the data on cancer risks since the 

evaluations of UNSCEAR (UNSCEAR, 1977) and ICRP (ICRP, 1977). 
These include three cycles of nata on the Japanese survivors of 
the A-bombs 1975-78, 1979-82, 1983-85 and further information on 
clinical studies such as the ankylosinq spondylitics and carcinoma 
of the cervix cases treated by radiation. 

New information on the age dependence of breast and thyroid 
tumors has become available and the importance of the age 
dependence of risk has been more generally realized. Younger 
people (<18y) are more sensitive to the induction of cancer than 
older people. Thus, the sensitivity of a worker population of 18-
65 years is appreciably less than that of a population of all 
ages. This must be accounted for in a radiation protection 
system. 

Revisions in the Japanese dosimetry have recently been 
completed. The effect of the new DS86 (Roesch, 1987) as compared 
with the former T65D is to increase risk for organs by a factor of 
1 to 2x depending on whether the organ is deep in the body (- lx) 
or shallow (- 2x) (and also on the RBE assigned to the neutrons) 
(Preston & Pierce, 1987). There have also been improvements in 
methods of analysis. 

Recent Risk Estimates 
In the latest interpretations of the Japanese data (Preston & 

Pierce, 1987) the risk coefficient for leukemia is approximately 
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doubled. ~n increase of about 2 1/2 is estimated for the risk of 
nonleukemic tumors due to the OS86, longer follow-up, and changes 
in statistical methodology and projection. The overall risk 
coefficient for a population of all ages is about 5.5%/Sv, 
assuming a dose reduction factor of 2.5, although linearity or 
nonlinearity in the dose response is not fully treated in -this 
paper. These preliminary results indicate that risk coefficients 

_will be higher than those estimated in the 1977-80 period. 

Weighting Factors 
In 1977, ICRP used a relatively simple weighting factor system 

involving the gonads, five tumor sites and a complex remainder 
group. Now the list of tumor sites, (NIH, 1985), has expanded to 
12 and there is much more information on the risks of each, 
including their age dependence. Again, an important question is 
what to include concerning the genetic risk. 

Comprehensive Evaluations of Risk 
After ICRP in 1977, the US BEIR III Committee (BEIR, 1980) had 

preferred values of risk similar to UNSCEAR (UNSCEAF, 1977) but 
provided wider ranges, especially at the higher risk end. Later 
an NIH group (NIH, }q85) re-evaluateo a number of tissues, 
provided a new list of those sites susceptible to radiation 
induction and chose linear dose response for thyroid and breast 
and linear quadratic for other sites. ~stimates of risk based on 
these data for adults are about twice those used by ICFP ( ICRP, 
1977). 

Major comprehensive re-evaluations of risk undertaken by 
UNSCEAR and by the new BF.IR V committee are due to be completed 
early in 1989. Then groups such as a Task Group of ICRP Committee 
I, can determine which coefficients to use for radiation 
protection purposes. 

MENTAL RETARDATION 

The ICRP was advised by J. Schull in late 1981 of new 
evidence on periods of vulnerability to the induction of mental 
retardation by radiation in the human embryo-fetus {Schull, 
1981). The most sensitive period is 8-15 weeks after 
fertilization and a second less sensitive period is 16-25 weeks 
after fertilization. The embryo-fetus is insensitive to this 
effect before and after these periods. ICRP set up a Task Group 
in 1982 to study this important problem. 

These observations {Otake & Schull, 1984), also showed an 
approximately linear shape of the response with dose for the 8-15 
week period. A recommendation was made by ICRP {ICRP, 1983) to 
the effect that, in addition to maintaining the overall limit, 
radiation received by the fetus should not be received 
irregularly. Thus, the dose that could be received in the most 
critical two-month period could not exceed 1 mSv, for which the 
risk was ouite small. 

The report of the ICRP 's Task Group was published in 1986 
{ICRP, 1986). The risk coefficients for the two sensitive periods 
(based on linearity of response) were about 40%/Gy and 10%/Gy 
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respectively. If the response 
possible values of threshold were 
0.5 Gy for the second. The 
recommendation concerning control 
rate to avoid undue risk to the 
periods. 

were not linear the maximum 
0.1 Gy for the first period and 

Commission re-emphasized its 
of irregularities in the dose 
embryo-fetus in the sensitive 

A preliminary result of using DS86 instead of T65D indicates 
only a small difference in the risk based on a linear response but 
enlarges the possibility of a threshold. 

SKIN 

The skin has not been considered a very radiosensitive tissue 
in terms of cancer induction and skin tumors are relatively easily 
controlled. This may have contributed to radiation protection of 
the skin seeming less urgent than for some other tissues. 
However, exposure of the skin can sometimes be limiting, and 
lethal. Thus an overall appraisal of skin effects is needed which 
includes the relative importance of stochastic and nonstochastic 
effects, the depths in skin at which these occur and for which the 
dose is important, and the special problem of hot particles on the 
skin. ICRP Committee I has set up a Task Group to evaluate the 
situation. Tiopefully its recommendations will be included in the 
revisions of Publication 26. 

RADIATION QUALITY 

A number of developments have taken place in matters relating 
to radiation quality since the publication of ICRP 26. Four 
aspects of this subject will be discussed. 

Dose response relationships at low doses 
The shapes of dose response curves for high-LET vs low-LET 

radiations yields maximum values of RBE, i.e., RBEM, at low doses, 
viz. a few hundredths to tenths of a Gy (Sinclair I985, 1986). 

The larger values of RBEM are not exclusively due to reduced 
effectiveness of the y rays. Progressively lower neutron doses 
appear to give rise to steeper initial slopes which thus 
contribute to the increased RBE in the RBF.M region. 

Difference between low-LET photons, 200 kVp x and y rays 
In the lg~ dose region 200 l<Vp x rays are about twice as 

effective as Co y rays, according to measurements in a number of 
biological systems ( ICRU, 1Q86). Consequently RBE values are 
affected by which radiation is used as the reference radiation. 
Thus, a question is whether to lump all low-LF.T radiations at 0=1 
or instead to specify either x or y rays as that radiation with 
O=l. .:1\lso concerned is for which radiation the risk coefficients 
for human carcinogenesis are best known. 

Values of FBE for neutrons and other high-LET radiations at low 
dose 
--Laboratory work has re.cently extended the evaluation of RBEs 
into the low dose region and in a number of systems values of RBBM 
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have been determined. 'I'hese values cover a wide 
generally high, as we expect with FBP.M" A table 
(ICRU, 1986) indicates that for fission 
fractionated r rays, the average FREM is about .50 
therefore about 25 vs. x rays. Furthermore, when 
neutrons are compared directly, they often give 
results. Thus the recommendation already made 
1985) to increase the neutron 0 from 10 to 
justified. 

RBE for nonstochastic effects 

range but are 
given by ICRU 
neutrons vs. 
and presumably 

a's and fission 
rather similar 

by ICRP ( TCF'P, 
20 seems well 

For larger accidental or emergency exposures, 0 does not apply 
and other values of RBE are needed to express the equivalent dose 
for high-LET radiations. These RBE values should be appreciably 
smaller than RBE and may depend on dose. ~ Task Group of 
Committee I of I~RP is studying this problem and hopefully its 
report will be incorporated into the revisions of Publication 26. 
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ICRP AND THE RADON PROBLEM 

Bo Lindell 
Swedish National Institute of 

Radiation Protection, Stockholm 

Radon, usually represented by radon-222, has long been recog
nized as a source of radiation risk. Lung cancer among miners in 
the Schneeberg-Jachymov region in the Erzgebirge was diagnosed in 
1879. This was the "Schneeberger Krankheit" that is known already 
from the 15th-16th century. Its assn~iation with radon was sugges
ted in the 1920's. 

Over the last few decades, there has been a growing concern 
about the occupational radon problem in mines; not just in uranium 
mines but, as was found in the 1970's, also in other mines. For 
the public, new types of buildings, with reduced ventilation to 
reduce the heating cost and spare fuel, and with directly access
able basement space, exposed to emanation from the ground, have 
caused increased radon concentrations in indoor air. Values ex
ceeding 10,000 Bq/m3 have been found and the problem has now been 
recognized in most countries with sufficiently cold climat to make 
limited ventilation a practical necessity. 

The 1982 UNSCEAR report, with its presentation in terms of the 
effective dose equivalent, made it obvious that radon exposures, 
even under "normal" conditions, contribute substantially to the 
annual effective dose equivalent. The previous value of 1 mSv per 
year from natural background radiation was suddenly raised to 2 
mSv per year. It is against this development that the work of ICRP 
in relation to radon and to the natural radiation background in 
general should be seen. A conceptual problem is involved: Can and 
should natural sources of radiation be controlled? How should this 
be done? What is "natural"? 

RISK ASSESSMENTS 

The risk from radon is almost exclusively a lung cancer risk. 
"Exposure" in this connection is usually taken to mean either the 
time integral of the potential alpha energy concentration in air 
inhaled by the exposed individual, or the time integral of the 
equilibrium equivalent concentration (EEC) of radon in that air. 

The radon daughter exposure of miners is often expressed in 
the unit WLM (working level months), which, for radon-222 relates 
to the time integral of the potential alpha energy concentration 
and the activity concentration by: 1 WLM = 0.0035 Jh/m3 = 630,000 
Bqh/m3 

There are two different models for risk projection. The rela
tive risk model is based on the assumption that the risk per un1t 
time, after a latent period, will be some fraction of the age
specific lung cancer mortality, whatever that would have been 
without the radon exposure. For the absolute risk model it is 
assumed that the future increment of the age-specific lung cancer 
mortality is independent of the normal lung cancer mortality and 
only a function of the radiation dose and the age at exposure. 



Once a model has been chosen, there are also two different 
ways of assessing the risk. One is by epidemiological studies, the 
other by calculating the effective dose equivalent and applying 
the usual risk factor (about 2% per sievert). 

The epidemiological approach is the most direct one and has 
been used in assessing the lung cancer risk for miners. In ICRP 
Publication 50 (1987), the risk-exposure coefficient is believed 
to be in the range of 5 - 15 cases per million personyears and WLM 
on the basis of the absolute risk model, and 0.5 - 1.5 % per WLM 
on the basis of the relative risk model. 

For members of the public, the epidemiological method has not 
been available directly, because of the practical difficulties. 
However, the epidemiological findings from the studies on miners 
have been used to derive indirect risk estimates, taking into 
account factors such as differences in the breathing rate. This 
derivation of the public risk from the risk of miners is subject 
to a number of uncertainties because of obvious differences in the 
exposure situations. 

The alternative method, the dosimetric method, however, also 
involves great uncertainties. One is the identification of the 
relevant tissues for which the dose should be calculated. In ICRP 
Publication 50, it has been assumed that the cells at risk are 
located in the basal and mucus cell layer of the tracheobronchial 
epithelium and the pulmonary region. 

The influence of smoking habits is of particular importance. 
Some epidemiological results suggest a more than additive influ
ence of smoking which can be approximated by a semi-multiplica
tive model in the case of heavy smoking and high radon exposures. 

The conclusion of the Task Group preparing ICRP Publication 
50 was that an appropriate reference value for the life-time risk 
of lung cancer from chronic indoor exposure to Rn-222 daughter 
products would be an absolute risk of 

2 x10-8 per Bqh;m3 for each year of exposure 

based on the absolute risk model, and a relative risk of 

0.8 xl0-6 per Bqh;m3 for each year of exposure 

based on the relative risk model. The two estimates would be equal 
if the mean life-time risk of lung cancer (from other causes) were 
2.5%. 

OCCUPATIONAL LIMITS 

Various exposure limits and "maximum permissible concentra
tions" of radon in air inhaled by miners have been recommended by 
ICRP since 1954. In ICRP Publication 24 (1977), the Commission 
made clear that it is not the radon equilibrium equivalent con
centration (EEC) at any given time, but the average concentration 
over a year, that must not exceed the MPC-value. In ICRP Publica
tion 32 (1981) new limits for radon concentrations and exposures 
were recommended, namely, for radon concentration (EEC): 

104G 



1500 aq;m3 or 0.4 WL 

and for annual exposure to radon daughters: 

3 x10 6 Bqh;m3 or 4.8 WLM 

ICRP Publication 26 put the emphasis on optimization of radi
ation protection. In ICRP Publication 37 (1983) an Appendix dealt 
with variables associated with radon contamination and their in
fluence on the optimization process, and algebraic examples were 
given of optimization procedures, e.g. the design of ventilation. 

ICRP Publication 47 (1986) is a revision of Publication 24 on 
the basis of information in Publications 26 and 32. The annual 
limit of intake (ALI) is expressed as 0.02 joule or 3.6 MBq. The 
annual limit of exposure and the derived air concentration (DAC) 
are the same as in Publication 32. 

RECOMMENDATIONS WITH REGARD TO RADON IN DWELLINGS 

Since ICRP Publication 1 (1958), the Commission has assumed 
that the risk resulting from exposures received from natural back
ground radiation should not affect the justification of an addi
tional risk from man-made exposures, because, as long as the pro
bability of stochastic harm is proportional to the dose, the risks 
due to different sources of exposure are simply additive. 

It was thought at the time that it was possible to define a 
"normal" natural background and that the limits only referred to 
doses resulting "from technical practices that.add to the natural 
background radiation", such as mining and flight at high altitu
des. 

However, evidence of very high indoor concentrations of radon 
in dwellings accumulated rapidly. It was found that, in many 
cases, people received, in their homes, lung doses that would not 
have been accepted even for uranium miners. Something had to be 
done, but if the background dose were to be included under the 
normal dose limit the problem was obvious; if not, there was no 
other recommendation on dose limitation. 

In its Publication 39 (1983), the Commission concluded that 
the distinction between normal and enhanced levels of exposure is 
not helpful and decided to base its new advice on a different app
roach. A more useful distinction, the Commission said, is between 
existing exposure situations, where any action would have to be 
remedial, and future situations, which can be subject to control 
at the stages of decision and planning. 

For existing situations the Commission recommended the use of 
an action level specific to the initiation of the remedial action 
being considered. The concept of "existing situation" would also 
be valid for emergency situations after any accident that causes 
environmental contamination, where, for example, remedial actions 
against food-stuffs may be appropriate. 

"A well chosen action level", the Commission said, "will take 
account of the likely effectiveness of the action to which it will 
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lead and of the total detrimental consequences of the action, 
which may not be limited to financial costs. The persons at risk 
should also be put in a better position by the action. 

The Commission found it impossible to suggest a generally 
applicable value of an action level, even one limited to the spe
cific case of radon in houses. However, if the remedial action 
considered is fairly simple, the Commission said, an action level 
"in the region of 200 Bq/m3" for the radon-222 concentration (EEC) 
might be considered. The Commission estimated that the 
corresponding annual effective dose equivalent would be about 20 
mSv (which may now be considered an overestimate since the 
recommended dose coefficient is 0.06 msv;year per Bq/m3). 

For future situations involving exposure to natural sources 
of radiation, "the position is closer to that recommended by the 
Commission for artificial sources of exposure" says the Commission 
in paragraph 24 of Publication 39. The basic principles of justi
fication of practice and optimization of protection should there
fore apply. The main question was whether the normal dose limits 
should apply or not. 

In the case of workers, the dose limit applies to occupatio
nal exposures irrespective of source, although exposure from 
"normal" natural background is at present not included under the 
occupational dose limit. A current problem for the Commission is 
to decide whether such exposures should be included in the future 
if it becomes increasingly more difficult to identify what is 
"normal". At present, doses from natural sources in mines are 
included, but not doses from high indoor radon concentrations at 
other work places. 

For members of the public, the limitation principle is 
different. Their exposures are not controlled individually but by 
requirements related to the sources. The primary dose limit may be 
seen as a limit of the contribution from a particular selection of 
sources, explicitly excluding natural sources and medical irradia
tion of patients. 

Since the normal dose limits were not intended to cover the 
doses from natural sources, the Commission decided to introduce 
special constraints for the optimization of protection in the case 
of future sources, and recommended that competent national autho
rities should establish an appropriate upper bound of individual 
dose in optimization assessments. The need of this constraint was 
obvious. Indoor radon concentrations (EEC) of more than 10,000 
Bq/m3 had been measured in dwellings in some countries, implying 
annual effective dose equivalents of more than 10 times the 
Commission's dose limit for workers. 

The Commission believed that 100 Bq/m3 would be a 
upper bound for the radon concentration (EEC) in new 
and that in many countries, it would prevent radon from 
dominating source of risk in dwellings. It was expected 
use of this upper bound in the optimization assessment 
tion protection in new houses would influence building 
for constructure, manufacture, ventilation, etc. 
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ICRP ACTIVITIES IN MEDICINE - THE DEVELOPMENT OF COMPREHENSIVE 

GUIDES TO GOOD PRACTICE 

Roger J Berry, International Commission on Radiological 

Protection. 

The special relationship between the practice of medical radiology 

and the ICRP is no accident. The International commission on 

Radiological Protection was established in 1928 under the name 

"International X-Ray and Radiation Protection Committee" by the 

Second International Congress of Radiology Meeting in Stockholm. 

It assumed its present name and organisational form in 1950 in 

order to cover more efficiently the expanding field of radiation 

protection. In its most recent recommendations, contained in 

Publication 26 (1977) a new system of dose limitation was 

elaborated, based on three interlocking elements. The 

Justification, Optimisation and Dose Limits interact to keep 

radiation doses to both occupationally exposed persons and to the 

general public "As Low As Reasonably Achievable, economic and 

social considerations being taken into account". Although medical 

uses of ionising radiation were excepted from dose limits because 

it was felt that the degree of safety achieved was now so high 

than an X-ray examination, recommended on the basis of qualified 

clinical judgement, generally brought a benefit to the patient 

which entirely outweighed the unavoidable radiation risk, the 

Commission felt that it would be helpful to disseminate in a more 

digestable form the specific application of its recommendations to 

modern medical practice. 

In 1981 Committee 3, formerly the Committee on External Radiation, 

became a Committee on Radiation Protection in Medicine and in its 

new guise became more widely representative of practicing 

radiologists, nuclear medicine physicians and radiation 

oncologists. As a result of its activities, a series of ICRP 

publications have now appeared on protection of the patient - in 

Diagnostic Radiology (Publication 34), in Radiation Therapy 

(Publication 44) and in Nuclear Medicine (in Press). Unlike other 

Address for correspondence: British Nuclear Fuels plc, Risley, 
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ICRP publications, these are an attempt to provide readable but 

reasonably comprehensive guides to good practice, and are 
targetted at the practising radiologist and clinician and not at 

National Authorities. 

Diagnostic X-ray procedures are the cause of the majority of man's 
exposure to ionising radiations from artifical sources. The 
Commission identified the need for all radiological examinations 
to be justified. On the principle that all radiation doses should 
be kept "As Low As Reasonably Achievable", the Commission has 
developed principles which allow the assessment of how far it is 
reasonable to go in cost and efforts to reduce radiation exposure. 

These methods apply to protection of the patient in diagnostic 
radiology no less than in any other planned exposure of man to 

radiation. The limitation of risk to the individual patient is 
usually implicit in the medical decision that a particular 
examination is in the interest of the patient. The optimum use of 

equipment and techniques then make any explicit limits of 

radiation dose for diagnostic radiology inapplicable. If each 
individual examination is properly justified, the collective risk 
is by necessity also justified. There is thus no reason to limit 

the total collective radiation dose from medical exposures below 

any value that would simply be the sum of the individual doses 
from appropriately performed examinations. However, it is still 

necessary to assess the collective doses from various medical 
procedures since this gives a useful indication of where 

protective measures related to design or choice of procedure might 

have a large impact in reducing overall population radiation 

exposure. Publication 34 outlines the background to the protection 

of the patient in diagnostic radiology, from clinical judgement 

through education and manpower requirements to the technical and 

physical factors, and gives a detailed method for the 

determination of organ doses from diagnostic X-ray examinations 
which can be used as a basis for optimisation of individual and 

collective doses. 

For radiation therapy, the problem is more complex. Protection of 

the patient in radiation therapy requires, uniquely, not the 
avoidance of radiation exposure or even the avoidance of risk of 
severe damage to some tissues. Rather, once the choice is made 
that radiation is the appropriate treatment, it involves achieving 
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the optimal balance between the efficacy of irradiation in 

achieving sterilisation of the malignant growth and the production 

of the minimum treatment-related complications. This latter 

involves making unwanted radiation doses As Low As Reasonably 

Achievable. The process of protecting the patient requires 

optimisation of the treatment as a whole, optimisation of 

protection alone is not enough. This is detailed in Publication 44 

which is not designed to be a text book of radiation therapy. 

Rather, it presents a broad picture which is readable by all 

involved in the care of cancer patients. This includes physicians, 
such as medical oncologists who will not themselves use radiation 

therapy but who need to know about its potential benefits and 

risks. It includes also the members of the radiation therapy 

"team"; medical physicists, radiographers, dosimetrists and also 

the administrators who need to understand the requirements of 

their clinical specialist colleagues. The Publication covers 

general principles of radiation therapy, the specific problems of 

external beam and brachytherapy, gives a guide to expected risk to 

specific organs/tissues from non-stochastic radiation injury, as 

well as discussing carcinogenesis, and gives guidance on doses to 

organs and tissues outside with the useful treatment beam for 

radiation field arrangements used to treat some of the most common 

tumours. 

Once again in clinical nuclear medicine the problem is different 

in that although the technique can give unique information about 

the function of organs, the body tissue most heavily exposed to 

radiation is often not the organ being studied and is more likely 

to be in the path of either intake or removal of the specific 

radioactive tracer material from the body. Reduction of the dose 

may be associated with a loss of diagnostic information, and an 

optimisation procedure is required to maximise the amount of 

clinically relevant information obtained from each examination. 

Because radioactive material is administered to the patient, the 

patient represents a hazard to other members of the public, and 

both the design of clincal facilities and the organisation of 

departmental work should be tailored to minimise its potential 

hazard. This is discussed in detail in the publication. 
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In all these ICRP publications it is stressed that the 

establishment of measures for patient protection are not intended 

to impede the continued development of the clinical uses of 

radiation, both diagnostic and therapeutic. It is expected that 

such measures will actually contribute to higher standards of 

clinical practice, yet, it is made clear that where there are 

limitations on resource, both material and personnel, so that the 

ICRP recommendation cannot yet be met, patients should not be 

denied the necessary diagnostic examinations or radiation 

treatment. 

For the future, committee 3 is drafting a further simplified 

version of the Publication on Protection of the Patient in 

Diagnostic Radiology aimed specifically at non-radiologist 

clinicians, radiologists and radiographers, and it is hoped that 

both it and a single composite volume containing the three 

existing "Guides to Good Practice" on protection of the patient in 

diagnostic radiology, radiation therapy and nuclear medicine will 

be available to participants at the next International Congress of 

Radiology to be held in Paris in 1989. 

References: International Commission on Radiological Protection 
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PHILOSOPHY 
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Robert G. 'Ihomas 
u.s. Department of Energy 

Washington, OC 20545 USA 

Beagle dogs have been used as experimental subjects in studies 
sponsored by the U.S. Department of Energy (OOE) and its predecessor 
organizations, since the establishment of the Atomic Energy Commission 
in 1947. Major longterm studies began with two contracts let in 1950-51 to 
the University of california at Davis (UCD) and to the University of Utah 
(UU). In 1954 the Battelle Pacific Northwest I.aboratories {mL, then 
contracted urrler General Electric Company) began inhalation studies 
utilizinJ dogs, and in 1961 the lovelace Foundation Fission Product 
Inhalation I.aboratory (now the Inhalation Toxicology Research Institute, 
ITRI) was fourrled. '!he Argonne National I.aboratory (ANL) did some limited 
studies usinJ the Beagle dog in the 1950's, and its current longterm 
ext.el:nal radiation studies began in 1968. '!he first four studies have dealt 
primarily with radionuclides, except for early work at UCD. Early studies 
at ANL were with radionuclides but they are currently committed to ext.el:nal 
radiation. Various routes of entry of radionuclides have been used; the 
radionuclides have been primarily fission products arrljor actinides; 
ext.el:nal radiation exposures have used neutrons and x- or gamma rays. 

Almost all research with Beagle dogs in OOE programs has aimed at 
supplyinJ data for the pw:pose of strengtheninJ the bases for radiation 
protection guidelines. '!he studies have provided information ranginJ from 
the very basics of dosimetry to the definitive description of the resultinl 
radiololgical effects. '!bus, they are defined as dose-response studies, 
that explore the causes of radiation damage from the molecular to the whole 
body levels of investigation. What will be reported in the oral 
presentation is a more detailed review of the use of results from Beagle dog 
studies that have played an important role in radiation protection. 

RliSUIIl'S AND DISCIJSSiaf 

'!he most recent compilation of radionuclide guidelines was in 1978 by 
the International Commission on Radiologiocal Protection {ICRP78). In 
reviewinJ the recommendations in ICRP-30 {ICRP78) a tally was made of the 
number of OOE Contractor publications used in establishing individual 
guidelines. Numerous publications cited were from the use of rodents in 
radionuclide metabolism, dosimetry, and toxicity studies. Of the total, 75% 
of the references were from OOE supported laboratories; most of the 
remaininJ 25% were publications from studies performed outside the United 
States. For 12 elements, dog data constituted the basis for the numerical 
value used for a critical parameter in derivation of Annual Limit of Intake 
or Derived Air Concentration. Most uses have been for organ distribution 

105<1 



arrl retention parameters or proper assignment of compourXIs to inhalation 
classes (D, w, or Y). For 33 elements, critical parameters were based on 
experimental animal data andjor human data that included comparative studies 
in dogs. 

Respirato:cy tract particle deposition models (lung models) use many of 
the results obtained from studies with Beagle dogs to assign values of half 
lives for transport from lung to blood. Early lung models used 120 or 360 
days for the retention halflife of insoluble particles in the deep lung 
(Nffi53, 'IGID65). CUrrently, the value used is 500 days, arrl the newer 
models may extend this. Present dog studies of the lung retention time for 
insoluble plutonium will doobtless irrlicate a 1~ half life. Only a 
species with a lifespan like the dog may be used for this type of simula
tion, as its respirato:cy physiological properties are so much like the 
human. '!he latest lung retention data for plutonium in the dog show some 
trerds toward a power function retention, arrl this may well be enforced by 
recent findings in the human autopsy cases being analyzed. In the latter 
there is plutonium in lung tissue decades after exposure. 

'Ihe sophistication that has been developed for characterizing aerosol 
properties to describe inhalation studies has advanced the field of aerosol 
physics. Use of the aerodynamic diameter to quantitate deposition in the 
respirato:cy tract has become commonplace. Mercer revolutionized the ideas 
concerning particle solubility in the respirato:cy tract by relating the half 
life of movement to blood in terms of the particle properties (Me67). His 
work has been applied to many studies in which chemical characteristics of 
the particle inhaled arrl its subsequent biological behavior could be 
predicted through in vitro solubility studies. SUch studies show promise 
for use of on-the-job in vitro solubility measurements on aerosol samples 
collected at an operation, to predict the class (D, W, or Y) of inhaled 
compound being considered a potential health hazard. 

Dosimet:cy in radionuclide studies is difficult arrl much progress has 
been made over the past few decades, that has direct implications on 
radiation protection starrlards. With radionuclides, the chief experiments 
aimed at dosimet:cy have been known as distribution-excretion or dose pattern 
studies. 'Ihese generally require sacrifice of an animal after exposure so 
that organ arrl tissue distribution of the radionuclide can be determined as 
a function of time. When sacrifices cover a long period post-exposure, the 
pattern of dosage that will give rise to the biological effect is 
calculated. 

In addition to information for the major organ systems, the parameters 
associated with the tracheobronchial lymph nodes play an important part in 
hazards evaluation following inhalation. ICRP-26 (ICRP77) considerations of 
guidelines for estimating the risks arrl exposure limits for the 
tracheobronchial lymph nodes have been largely based on data from dog 
studies that showed high concentration, long retention times, arrl therefore, 
ve:cy high radiation doses in the nodes of dogs that inhaled insoluble 
radionuclides. Limited human autopsy data support the dog data in that the 
tracheobronchial 1 ymph nodes appear to receive the highest radiation dose 
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for many inhaled insoluble radionuclides. However, data from dog studies 
and limited human data at that time showed no neoplastic or life shortenin;J 
effects of the radionuclides in the tracheobronchial lymph nodes. Based on 
this information, the commission (ICRP77) decided that irradiation of the 
lun;r is likely to be more limiting than that of lymphoid tissue for inhaled 
insoluble radioactive particles and that it would be satisfactory to 
consider the pulmonary lymph nodes and lun;r as one composite organ. 

Biological effects studies have assumed many different approaches over 
the years, but almost all have depended upon an investigation by the 
pathololgist using the microscope to determine cause of death. Gross tumor 
incidence has been the important endpoint for estimating risk from radiation 
exposure, with newer sophisticated methods currently being used to more 
definitely determine cause of death. Because the ultimate endpoint of 
interest is carcinogenesis, however, this has been the prime target of the 
lon;Jt.erm studies, whether from external or inten1al radiation. With the 
availability of multipmpose blood testing techniques, clinical findings 
have also become an inteJral part of the biological effects studies. Each 
dog on experiment receives a periodic physical examination, the clinical 
results of which may bear a relationship to carcinogenesis. '!he ultimate 
goal in these studies is to derive a value for the number of cancers that 
may be expected for each man-year-dose of radiation exposure. 'Ihese are the 
constants of importance in calculating new guidelines. 

Although it might seem that risk parameters in standard-setting are 
derived almost entirely from human data, these parameters are supported by a 
great deal of animal data. '!he risk factor for lun;r cancer employed in 
arriving at a weighting factor in the ICRP system is derived from human 
experience, but without animal data it would not even be known that 
plutonium or other radionuclides, could produce lun;r tumors. Quality 
factors could be derived from stq:>ping power calculations, but if these were 
not supported by experimental observations in animals there would be little 
confidence in them. It was easier to explain the dependence on animal data 
for bone-seeker standards in the old ICRP system where "distribution 
factors" were employed; now doses are calculated to bone surfaces to avoid 
the direct dependence on animal data, but the results are believed because 
they predict what was observed to ha:r.pen in animals. 

'!he risk estimates that are now being calculated from lon;Jt.erm dog 
experiments are likely to be the only ones available that incorporate well
documented exposures to radionuclides. Within the past few years, risk 
factors have been obtained for beta emitters deposited in Beagle dogs by 
inhalation, in lon;Jt.erm studies at I'IRI. Some of these values will be used 
for these radionuclides when guidelines are again updated. Values for risk 
have been derived for alpha emitters at the University of Utah for bone
seeking radionuclikes in the Beagle dog. completion of the lifespan dog 
studies in progress at :mL and I'IRI will yield more accurate values for 
alpha-emitters in lun;r, and for combinations of effects in non-respiratory 
tract o:rgans. Results from the ANL low level, chronic, whole body gamma ray 
exposures of Beagle dogs will doubtless play an important role in 
establishing such risk factors for external radiation. 
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CONCLUSION 

'!his has been a general ovru:view of the derivation of radiation 
protection guidelines from experimental data. Beagle dog studies have been 
utilized as a major data source for evolution of such guidelines, and this 
will continue to be the case tmtil they are completed and the final data 
analyzed. 

ICRP77 Intemational Commission on Radiological Protection (1977), 
''Recommendations of the International Commission on Radiological Protection", 
ICRP-30, Pergamon Press, OXford. 

ICRP78 International Commission on Radiological Protection (1978), "Limits 
for Intakes of Radionuclides by Workers", ICRP-26, Pergamon Press, OXford. 

Me67 Mercer, T.T. (1967), ''On the Role of Particle Size in the Dissolution 
of !JJng Burdens", Health Phys. 13 1211. 

NBS53 National Bureau of Standards (1953), ''Maximum Permissible Amounts of 
Radioisotopes in the Human Body and Maximum Permissible Concentrations in 
Air and Water'', NBS Handbook 52, u.s. Department of Commerce. 

'IGI.D65 Task Group on !JJng Dynamics (1965) , "Deposition and Retention Models 
for Intemal Dosimetry of the Human Respiratory Tract", Health Phys. 12 
173. 
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LIFESPAN DOSE-EFFECT RELATIONSHIPS FOR INHALED 
239 Pu0 2 IN BEAGLES* 

J.F. Park, G.E. Dagle, R.E. Weller and R.L. Buschbom 
Pacific Northwest Laboratory 
P.O. Box 999, Richland, WA,993~2, USA 

ABSTRACT 

The objective of this research was to obtain, in an 
experimental animal, dose-effect relationship:;data for inhaled 
plutonium, that could be used to decrease the uncertainties 
for predicting health effects risks in humans. Young-adult 
beagle dogs were given a single inhalation exposure to a 
239 Pu0 2 aerosol. Dose-level groups of -20 dogs received mean 
initial plutonium pulmonary depositions corresponding to 
radiation doses that were approximately l, 10, 40, 150, 550, 
or 2900 times the maximum permissible lung dose for a plutonium 
worker. The dogs have been observed for 16 years after exposure. 
Plutonium was cleared from the lungs with a half-time of about 
1000 days, compared to 500 days for the model used by the 
International Commission on Radiological Protection (ICRP) 
Publication 30. In dogs with initial pulmonary depositions 
of less than 3 kBq, 40% of the plutonium was excreted, 55% 
was translocated to the pulmonary lymph nodes (nodes draining 
the lung), and 5% was translocated to the liver and skeleton. 
These values compare with 80%, 15% and 5%, respectively, in 
the ICRP model. There was no indication of clearance from the 
lymph nodes, compared to 90% clearance in the ICRP model. There 
was a dose-related increase in incidence of lung cancer, 
severity of chronic lymphocytopenia, and severity of lymph-
node damage in the five highest dose-level groups. The 
relationship of damage to the lymph nodes and lymphocytopenia 
with the plutonium content of the lymph nodes suggests that 
nonstochastic effects in the lymph nodes should be considered 
in estimating the risk of inhaled 239 Pu0 2 • It further suggests 
that the ICRP procedure of including pulmonary lymph nodes 
with the lung for radiation protection models needs further 
evaluation. 

* This work was supported by the U.S. Department of Energy under 
Contract DE-AC06-76RLO 1830 
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THE RELATIVE EFFECTIVENESS OF INHALED ALPHA- AND BETA-EMITTING 
RADIONUCLIDES IN PRODUCING LUNG CANCERl 

B. B. Boecker, F. F. Hahn, B. A. Muggenburg, 
R. A. Guilmette, W. C. Griffith and R. 0. McClellan 

Lovelace Inhalation Toxicology Research Institute 
P. 0. Box 5890, Albuquerque, New Mexico 87185, U.S.A. 

Proper assessment of long-term human health risks 
associated with inhaled radionuclides requires knowledge of 
dose to critical cells and tissues and relationships between 
dose and effect for different biological end points. Results 
from epidemiological studies of exposed human populations 
provide important information for such assessments. However, 
because the types of exposures are limited, these results need 
to be supplemented with more detailed information on dosimetry 
and biological effects available through studies in laboratory 
animals and in vitro systems. To provide health risk 
information for inhaled fission product and actinide aerosols, 
life-span studies are being conducted using beagle dogs and 
other species at the Lovelace Inhalation Toxicology Research 
Institute (ITRI). Results of two life-span studies in dogs 
involving inhalation of the beta emitter 9ly in fused 
aluminosilicate particles or the alpha emitter 239puo2 are 
reported here (1). 

MATERIALS AND METHODS 

The dogs used were young adult ( 12-14 months of age), 
purebred beagles from the ITRI colony that weighed 6 to 13 kg 
at exposure. Each exposed dog received a single, brief (< 70 
min), nose-only inhalation exposure to either a polydisperse 
aerosol of 9ly in fused aluminosilicate particles (AMAD = 1.5 
- 2. 6 Jlm or one of three sizes of monodisperse aerosols of 
239puo2 (AD = 0.75, 1.5 or 3.0 Jlm) labeled with l69yb. The 
corresponding control dogs inhaled a non-radioactive vector 
aerosol. Periodic whole-body counts in the early 
post-exposure period and excreta collections at selected 
intervals throughout the study were used to determine the 
deposition and retention of these radionuclides. The health 
status of each dog was evaluated periodically throughout the 
dog's life and illnesses not associated with the radiation 
exposure were treated using standard veterinary practices. 
All dogs were maintained until they died or were euthanized, 
at which time, complete necropsies and histopathological 
examinations were performed. Reviews of the clinical and 
pathological findings were used to categorize the major 
biological findings related to the cause(s) of death and 
incidental findings. 

!Research conducted under U.S. Department of Energy Contract 
No. DE-AC04-76EV01013 and in facilities fully accredited by 
the American Association for the Accreditation of Laboratory 
Animal Care. 
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Calculations of absorbed beta or alpha doses were based on 
whole-body retention, tissue distribution and excreta data 
obtained from dogs in the life-span studies and from dogs 
sacrificed in parallel studies involving inhalation exposure 
to aerosols having the same characteristics. The relative 
risks of lung cancer in both studies were computed from the 
times to tumor and dose as a time-varying function using a 
proportional hazards formulation similar to those described by 
Kalbfleisch and Prentice (2}. 

RESULTS AND DISCUSSION 

Results from the parallel serial sacrifice studies 
demonstrated that once the early clearance phase associated 
with an inhalation exposure was completed (3-4d), the 
remaining 9ly or 239pu was in the pulmonary region where the 
longest-term retention components had effective half-lives of 
about 50 and 1500 days, respectively (3,4}. These retention 
results were used to compute organ average absorbed alpha or 
beta doses using each dog's individual initial lung burden and 
an estimated lung weight with blood equal to 0. 011 times the 
initial whole-body weight. Because of the relatively short 
effective half-life of 9ly, over 90% of the committed beta 
dose to lung was received within the first six months after 
the inhalation exposure. Conversely, the long effective 
half-life of the 239pu produced chronic alpha irradiation of 
the lung throughout the dogs' lives. 

As of 30 September 1987, all dogs in the 9ly study were 
dead and the dogs surviving in the 239pu studies were 8.6 to 
10.7 yr after exposure. Table l summarizes the biological ef
fects seen in dogs that inhaled 9ly FAP or 0. 75 llm particles 
of 239puo2. The biological effects seen in the dogs exposed 
to 1.5 or 3.0 llm particles of 239puo2 were qualitatively simi
lar to those listed here for 0.75 llm particles except the high
est exposure levels were deleted in the study with 0.75 llm par
ticles, thus producing fewer early deaths than seen in the 
studies with 1.5 or 3.0 llm particles. For both 9ly and 239pu, 
dogs exposed at the highest levels died of radiation pneumoni
tis and pulmonary fibrosis within the first 3 years. The lung 
doses to death in these dogs ranged from 150 to 600 Gy in the 
9ly study and from 6 to 82 Gy in the three 239pu studies. Be
yond three years after exposure, lung cancer was the most prom
inent finding at death, being found in 32 of 56 later deaths 
in the 91Y-exposed dogs with absorbed beta doses to lung rang
ing from 35 to 250 Gy. For the 239pu study, 28 of 36 later 
deaths involved lung cancer and the corresponding alpha doses 
to death were 3.1 to 80 Gy. All of the lung cancers seen in 
both studies were carcinomas except that three dogs in these 
studies had both primary sarcomas and carcinomas of the lung. 

Relative risk functions in the proportional hazards 
formulations for lung cancer were estimated assuming that the 
baseline functions for lung tumor incidence at 0 dose were the 
same for all four studies. Functions of the following forms 
were used to estimate the relative risk: 
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TABLE l. Biological Effects in Dogs that Inhaled Aerosols of 
9ly in Fused Aluminosilicate Particles or 239puo2 

Diagnosis 

Exposed Dogs 
Early Effects (<3 yr.) 

Pulmonary Injury 

Late Effects (>3 yr.) 
Pulmonary Injury 
Lung Cancer 
Other Cancers 
Non-Cancer 

Control Dogs 
Late Effects 

Lung Cancer 
Other Cancers 
Non-Cancer 

91y FAP 

Number 
of Dogs 

96 

40 

l 
32 
14a 
11 

12 

0 
5 
7 

Death 
Days PE 

113-1011 

2890 
1115-5624 
1435-5052 
3843-5721 

3363-5942 
3029-5386 

239puo2 (0.75 ~m) 

Number 
of Dogs 

Death 
Days PE 

48 

2 

12 

0 
l 
2 

891,1035 

1181-1588 
1467-3867 
1961-3626 

2007 

3609 
1893,3006 

aone dog had both a lung cancer and a TBLN cancer and another 
dog had both a lung cancer and a mammary cancer. 
bTen of these dogs also had lung cancer and are included in 
the "lung cancer" total. 
cone of these dogs had both a pulmonary carcinoma and a 
sarcoma. 
dFour of these dogs also had lung cancer and are included in 
the "lung cancer" total. 

Relative Risk (9ly) = e~ 1D(t) (l) 

Figure 1 illustrates the datum points for individual dogs 
in the 9ly study along with contours of the 10, 50 and 90% 
probabilities that a dog develops a tumor by the time and at 
the dose where they are plotted. These probabilities are 
conditional on the dogs surviving to the times shown. Similar 
plots were obtained for each of the 239pu studies. At low 
doses, the linear coefficients account for most (>90%) of the 
risk incurred. Comparison of these linear risk coefficients 
among the four studies indicates that all three 239puo2 
exposure regimens were more effective in producing lung cancer 
than was 9ly, The 239pu/9ly ratios for the linear risk 
coefficients were 18, 15 and 10 for the studies involving 
0. 75, 1. 5 and 3. 0 ~m, respectively. The 239pu studies are 
still in progress and the final results may result in some 
changes in these numbers. 
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Figure 1. Plot of 10, 50 and 90% conditional probabilities of 
developing a lung cancer using a Proportional Tumor Incidence 
Rate Model for dogs that inhaled 9Iy FAP. Squares = lung 
cancer, circles = other deaths. 

These long-term studies with 239pu and 91y in a long-lived 
species indicate that QF = 20 for internally deposited al
pha-emitting radionuclides if a value of QF = 1 is used for 
beta emitters. Also, the differences in effectiveness among 
the three particle sizes of 239pu indicate that, at this stage 
in the completion of these studies, the tumorigenic 
effectiveness is directly related to the uniformity of lung 
irradiation. As predicted by many national and international 
bodies, a more uniform distribution of alpha irradiation of 
the lung appears to be more effective in producing cancer than 
more nonuniform distributions. Such experimental results, if 
borne out at the completion of these studies, provide direct 
refutation to theories that ascribe unusually potent 
carcinogenic properties to non-uniform distributions of 
alpha-emitting radionuclides in the lung. 
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AGE EFFECTS ON THE INDUCTION OF RADIATION-INDUCED LUNG DISEASE 
IN BEAGLES THAT INHALED 239puo2 AEROSOLS: STATUS REPORT! 

R. A. Guilmette B. A. Muggenburg F. F. Hahn B. B. Boecker and 
R. 0. McClellan 

Lovelace Inhalation Toxicology Research Institute 
P. 0. Box 5890, Albuquerque, NM 87185, USA 

Exposure of the general population to airborne radioactive 
materials would involve persons of widely differing ages. It 
is important, therefore, to understand the role of age at expo
sure in modifying both the biological effects from and the do
simetry of inhaled radionuclides. Due to the lack of adequate 
human data, we are studying the effects of age on both the or
gan doses received and the biological responses observed after 
single brief inhalation exposures. The results reported here 
focus on the biological effects being observed in studies in 
which immature..( young adult or aged dogs inhaled monodisperse 
aerosols of 23~Pu02. The effect of age on dosimetric consider
ations jas been previously described for the dogs of these 
studies (1). 

MATERIALS AND METHODS 

All dogs used in these experiments were purebred beagles 
in good health and derived from the Institute's colony. All 
dogs assigned to the experimental portion of the study re
ceived a single brief ( < one hour) pernasal exposure to a mono
disperse aerosol of 239puo2 (1.5 J..lm activity median aerody
namic diameter) and are being maintained for life-span observa
tion. There were 96 dogs exposed at 90 ± 10 days of age (Imma
ture) to achieve initial pulmonary burdens ( IPB) ranging from 
0.0085 to 21 kBq/kg body mass, a similar group of 96 dogs ex
posed at 13 ± 1 month of age (Young Adult) to levels from 
0. 0085 to 21 kBq/kg, and 48 dogs exposed at 8-10.5 years of 
age (Aged) to levels of 1.1 - 10 kBq/kg. Equal numbers of 
males and females were used; 36 dogs were exposed once to the 
diluent aerosol and serve as controls for the studies. Meth
ods for the preparation of the aerosols and the exposure of 
the dogs have been previously described (2,3). In addition to 
pre-exposure clinical evaluation, each dog receives daily ob
servation, annual physical and radiographic examination and 
semiannual blood cell counts and serum chemistry tests. A few 
dogs died from their illness but most were euthanized when 
moribund. Necropsies were done on all dogs, and tissues were 
evaluated histologically. Both tissues and excreta samples 
were analyzed radiochemically for 239pu content by either 
alpha liquid scintillation counting or alpha spectrometry, 
depending on activity level of the individual sample. 

!Research conducted for the Office of Health and Environmental 
Research of the Department of Energy under Contract No. DE
AC04-76EV01013 in facilities fully accredited by the American 
Association for the Accreditation of Laboratory Animal Care. 



RESULTS AND DISCUSSION 

As of 30 September 1987, all dogs had been on study at 
least 4.8 years for the immature dogs, 8.6 years for the young 
adults and 5.3 years for the aged dogs. The current status of 
these studies in terms of numbers of surv1.v1.ng animals and 
major biological effects noted to this date are summarized in 
Table 1. 

Table 1 
Status of Age-Effects Studies for Inhaled 239puo2 in Dogs 

Pneumonitis*+ Pulmonary * 
Study Dogs on Study Survivors Fibrosis Carcinoma 
Immature 
Experimental 96 72 5 15 
Control 12 11 0 0 

Young Adult 
Experimental 96 34 47 20 
Control 12 12 0 • 0 

Aged 
Experimental 48 2 34 4 
Control 12 1 0 1 

*Dogs that had both pneumonitis and/or fibrosis and carcinoma 
were counted twice. 

+cases of radiation pneumonitis and pulmonary fibrosis in 
which the disease contributed significantly to the death of 
the animal. 

For the experimental dogs on study, the only radiogenic 
effects noted to date have been radiation pneumonitis, 
pulmonary fibrosis, pulmonary carcinoma, and fibrosis and 
atrophy of the tracheobronchial, mediastinal and sternal lymph 
nodes. These effects were expected given that the 239puo2 
aerosols used have proven thus far to be insoluble in vivo and 
that the lungs and lung-associated lymph nodes have incurred 
most of the alpha- radiation dose (4). With regard to these 
tissues, few differences in the cumulative radiation doses 
have been found for the three age groups. For example, the 
cumulative radiation dose to lung to 1100 days after exposure 
for the inhalation of 1 Bq 239puo2 was 0. 097 mGy for the 
immature dogs, 0.11 mGy for the young adults and 0.11 mGy for 
the aged dogs. Similarly, the doses to the tracheobronchial 
lymph nodes were 2. 2, 3. 3, and 2. 4 mGy/Bq inhaled for the 
immature, young adult and aged dogs, respectively. 

With regard to the biological effects of 239pu on the 
lungs of dogs exposed at different ages, there have been some 
significant differences noted thus far in terms of the 
relative incidence of inflammatory disease and lung cancer. 
For the aged dogs, all of the experimental animals that died 
of effects ascribable to the radiation exposure succumbed to 
radiation pneumonitis and pulmonary fibrosis. The pulmonary 
incidental findings. 
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In comparison, the dogs exposed as young adults also had a 
significant incidence of inflammatory disease (47 dogs); 
however, there also has been a significant number of cases of 
pulmonary carcinoma (20), which have included both 
incidentally occurring as well as fatal tumors. There also 
has been a difference in the temporal distribution of these 
two biological effects for the young adults, at least from the 
point of view of severity of the disease. Radiation 
pneumonitis was the dominant cause of death from about 100 to 
2000 days after exposure. The first pulmonary carcinomas were 
observed as incidental findings at 1100 days after exposure. 
Thereafter, lung tumors became more important such that, 
during the period beyond 2000 days after exposure, both 
carcinomas and inflammatory diseases were important findings, 
with the former appearing to be the dominant effect at the 
latest survival times and the lowest exposure levels. 

For the immature dogs, there have not been very many 
deaths associated with alpha radiation exposure (20). Of the 
small number, however, it is noteworthy that only 5 animals 
have died of radiation pneumonitis and pulmonary fibrosis, 
compared to 15 dogs that have died with pulmonary carcinoma. 
Additionally, the earliest occurrence of death from either 
cause was essentially the same, 1352 days after exposure for 
lung cancer and 1386 days for radiation pneumonitis. Thus 
far, both diseases appear to be continuing to occur; however 
lung cancer is already predominating. 

Figure 1 (a and b) shows the incidence of radiation 
pneumonitis and pulmonary fibrosis for all of the dogs from 
the three age studies that died from this disease. When 
expressed in terms of kBq/kg body mass initial pulmonary 
burden (IPB), there is an apparent age relationship of 
survival with IPB. For similar !PBs, the aged dogs died 
sooner than the young adults, who appeared to die sooner than 
the immature dogs. If the same survival data are reexpressed 
in terms of kBq IPB, the aged dogs still appear to die sooner 
than the young adults, but the immature dogs no longer appear 
to be different from the latter group. Since there were no 
differences in the retention of 239pu in the lungs of the 
immature and young adult dogs, it would appear that the growth 
of the lungs of the immature dogs subsequent to their exposure 
(which amounted to a two- to threefold increase in mass) 
played an important role in mitigating the inflammatory 
response in these dogs. Hence, local dose may be more 
important than average dose relative to the production of 
lethal inflammatory lung disease, and incidence would be 
directly related to the uniformity of the alpha radiation of 
the lung. 

In summary, there are biological effects of 239pu on the 
lung that appear to be related to the age of the animal at 
exposure. Sensitivity to development of radiation pneumonitis 
and fibrosis from an inhaled alpha emitter appears to be 
inversely related to age at exposure. The role of age in the 
development of lung cancer cannot yet be evaluated, but is 
under continuing study. 
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Figure l. Dose-survival relationship for immature, young adult 
and aged dogs that died of radiation pneumonitis and/or 
pulmonary fibrosis. Initial pulmonary burden expressed as 
kBq/kg body mass (a) or kBq (b). 

REFERENCES 
l. Guilmette, R.A., Boecker, B.B, Muggenburg, B.A., Hahn, F.F 

and McClellan, R.O., 1987 in Age-related factors in 
radionuclide metabolism and dosimetry. Proceedings of a 
workshop held in Angers, France November 26-28, 1986. 
(Gerber, Metivier, Smith eds). Mirtinus Nijhoff 
Publishers, Dordrecht pp 109-120. 

2. Raabe, O.G., Boyd, H.A., Kanapilly, G.M., Wilkinson, C.J. 
and Newton, G.J., 1975 Health Phys. 28, 955. 

3. Guilmette, R.A., Diel, J.H., Muggenburg, B.A., Mewhinney, 
J.A., Boecker, B.B. and McClellan, R.O. 1984, Int. J. 
Radiat. Biol. 45, 563. 

4. Guilmette, R.A., Muggenburg, B.A., Hahn, F.F., Mewhinney, 
J.A., Seiler, F.A., Boecker,B.B. and McClellan, R.O. 1987 
Radiat. Res. 110, 199. 

1066 



HEALTH HAZARDS FROM RADIOCAESIUM FOLLOWING THE CHERNOBYL ACCIDENT 

Michael J. Suess 
WHO Regional Office for Europe, Copenhagen, Denmark 

The WHO Regional Office for Europe has organized a series of 
meetings to assess the health impact of the Chernobyl nuclear 
accident. The most recent meeting in the Federal Republic of 
Germany reviewed the principal long-lived radionuclides emitted from 
the accident and concluded that l3qcs and 137 cs had the greatest 
potential for contributing to the human dose because they are still 
present, the dose will be delivered over a long term, and because of 
the accumulation in some edible plants and animal products. The 
observed contribution of radionuclides to the collective effective 
dose-equivalent in the first year is about 60-80% from ingestion, 
30-40% from external irradiation, and 2-20% from inhalation. 

ENVIRONMENTAL PATHWAYS 

Ingestion of contaminated food and water can occur by direct 
and rapid, or indirect and long-term pathways. The most immediate 
are the drinking of contaminated milk and the ingestion of fresh, 
leafy vegetables and fruits contaminated by direct deposition. 
Other pathways involve the movement of radionuclides from soil to 
plants and on to animals. 

The amount of direct contamination on plants depends on how the 
deposition occurs, the density and type of crop, and the weathering 
that occurs before the crop is harvested. Initial retention is 
typically 25%, but may vary between 5 and 40% depending on 
vegetation density and rainfall rate. Approximately half of the 
deposit may be lost in 2 weeks due to weathering and growth [1]. 
Uptake of radiocaesium by plants from soil depends on the 
physicochemical conditions of the soil and the type of plants. For 
example, soils with high clay content retain radiocaesium much 
better than certain acid, sandy and organic rich soils, and plant 
uptake from clays will be very low. The radiocaesium uptake from 
acid soils may be significantly higher, and contamination of plants 
grown in these soils will continue for long periods of time [2]. 

Transfer from plants to food products of animal origin, such as 
milk and meat, depends on how each radionuclide is metabolized by 
individual species. Radiocaesium is easily transferred from fodder 
to milk and meat. For humans, approximately 20-30% of the daily 
intake is secreted in human milk [3]. Of particular interest is the 
lichen-reindeer (caribou)-human pathway. The effective half-life of 
caesium in lichen is 8-10 years, and approximately 25% of the 
caesium contained in lichen is absorbed by reindeer [3]. The 
biological half-life (Tb) of radiocaesium in animals depends on 
the body mass, and on whether the animal is ruminant or monogastric, 
domestic or wild. 

Ingestion of radionuclides through the aquatic food chain also 
contributes to the dose, although the impact is often more limited 
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than through the terrestrial pathways. Radiocaesium is soluble in 
water. The uptake in aquatic life is influenced by factors, such as 
dilution, feeding habits and water salinity. Marine fish show 
steady-state concentration factors of the order of 100 [3]. 
Freshwater fish may have concentrations which are greater than those 
of marine fish by one order of magnitude or more, although large 
differences occur between species [4,5]. 

EXTERNAL AND INTERNAL EXPOSURES 

The external radiation dose received by individuals in urban 
and rural areas will vary markedly for a given amount of deposition, 
as the external dose from deposited radionuclides is influenced by 
the type and amount of deposited material, and the extent and time 
of exposure. In rural areas, compared to urban areas, a larger 
fraction of the airborne particles near the surface will be 
deposited as a consequence of differences in surface characteristics, 
but the dose rate will decline progressively due to the gradual 
penetration of caesium into the soil. In urban areas, deposited 
material will be washed away and weathered more rapidly; also, the 
buildings will provide a significant shielding. Moreover, the 
population in urban areas spends more time indoors than one in rural 
areas. Overall, therefore, the urban external dose rate will be 
considerably less than the rural one. 

Seasonal variations strongly influence the level of radio
activity in different foods, such as cereal crops, fodder, and 
pasture grass. The state of grass growth and availability of 
pasture at the time of the accident exerted a strong influence on 
the contamination observed in some animal products. 

Once radiocaesium has entered the food chain, dietary habits of 
different populations will exert a great influence on exposure of 
individuals to internal radiation because of food quantities eaten 
and selection of dietary items. Food processing may alter the 
degree of radioactive contamination. For example, it decreases 
during the preparation of fruit juices or bread, or increases due to 
drying or concentration of milk. 

DOSE FACTORS 

Whatever the entry route into the body may be, uptake of 
caesium to blood is generally quick and almost complete. Once 
absorbed, caesium distribution is diffuse and relatively 
homogeneous, and its concentration is approximately the same in all 
the internal organs and soft tissues. Consequently, the dose 
factors are virtually independent of the organ or tissue 
considered. When considering age, two parameters count: mass of 
organs and tissues, and retention. In the case of radiocaesium, the 
effect on the dose factors of their variation with age are opposite, 
and compensate each other. Indeed, going from the infant to the 
adult, dose factors should decrease because the mass of organs and 
tissues increases. However, this trend is counteracted as, at the 
same time, the long-term retention increases with age. The 
retention fraction and biological half-life (Tb) of the long-term 
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component of retention vary with age. An infant will retain a 
fraction of 0.4 (Tb = 20 d), whereas an adult will retain a 
fraction of 0.9 (Tb = 110 d). Consequently, dose factors are 
virtually independent of age, although the use of an age-independent 
dose factor may result in a small overestimate of the effect on 
children. 

HEALTH RISKS 

The possible health effects from radiocaesium after the 
accident may be expressed in terms of stochastic consequences. 
These are fatal cancers, serious genetically related ill health and 
possible teratogenic effects. They are added to the incidence of 
these ill effects which is normally present in the population. The 
calculations, based on a linear no-threshold model, will usually 
represent an upper or conservative limit of risk expectations. The 
radiation doses to individuals and population for the first year 
after the accident, as well as the committed doses projected for 
50 years, have been considered. For fatal cancers induced by 
radiation, a risk factor of 2 x lo-2sv-l is used. For serious 
genetic health effects, the appropriate risk factor is 
4 x lo-3sv-l for the first two generations. Teratogenic effects 
may be seen following high radiation doses, and present knowledge 
does not exclude the possibility of a threshold, especially for low 
doses, in the range of 1 mSv. At higher doses the risk of severe 
mental retardation is 0.4 sv-1 for a fetus exposed in the period 
between the 8th and 15th weeks of gestation, and 0.1 sv-1 for a 
fetus exposed between the 16th and 25th weeks. 

The range of individual 50-year dose increments from the 
accident is estimated at 0-6 mSv. The dose estimates are based on 
the measurements and assessments made within individual countries 
from methods they have considered most suitable. No attempt has 
been made to "normalize" such estimates. Standardization of dietary 
habits or other patterns of behaviour that will vary widely even 
within countries, is not appropriate. However, the overall 
uncertainty will be of the order of no more than a factor of 2. 

Concerning the health effects from all radionuclides 
contributing to population dose, the 50-year collective dose is 
about 0.33 x 106 person-Sv. Thus, the upper estimate of 
associated fatal cancer cases in Europe (excluding the USSR) is 
about (0.02) (0.33 x 106) = 7000, which would be added to a normal 
expectation of about 110 million fatal cancers (assuming 20% is the 
fraction of overall spontaneous mortality due to cancer which is 
applied to the cohort of 550 million Europeans, excluding the 
USSR). This is equivalent to an additional incidence of up to about 
0.006%, which is an added risk to the population of about 0.001% 
(7000/(550 x 106)). The first-year dose is considered for both 
genetic and teratogenic health effects. Assuming 28 x 106 cases 
as a nominal incidence of serious genetic effects, the additional 
radiation-induced cases in the first generation are estimated at up 
to 700 cases (an extra 0.003%). Teratogenic effects, such as severe 
mental retardation, have been seen in children who were irradiated 
during their 8th to 25th weeks of fetal development. The expected 
number of live births in the year following the accident in the 
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550 million people in Europe is 12 000 per million, or a total of 
6,6 million. The average individual dose in the first year is 
0.3 mSv, and this is combined with risk factors of 0.4 for 8 weeks 
plus 0.1 for 10 weeks. Up to an additional 200 cases might 
therefore be added to the 50 000 cases which would be expected 
spontaneously - (extra 0.4%) or an additional risk of 0,003% in the 
newborn population. The up to some 7000 anticipated 
radiation-induced cancer fatalities will not be evenly distributed 
throughout Europe (excluding the USSR). The risk of such fatalities 
will be higher in areas where deposition was higher or where 
received doses were greater. Because of differences in population 
density in these areas, radiation-induced cancer fatalities may be a 
higher proportion of the normal incidence than is given for Europe 
as a whole. Clearly, the reverse also is true. However, the 
estimated range of radiation-induced increments of possible 
stochastic health effects risk is very low and probably could not be 
detected, even by the most careful study. 
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IMPLICATIONS FROM THE CHERNOBYL-ACCIDENT FOR OFF-SITE RESPONSE TO 
TRANSBOUNDARY CONTAMINATION 
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A-5020 Salzburg, Austria 

*) International Atomic Energy Agency 
A-1400 Vienna, Austria 

ABSTRACT 

The paper reviews the performance of radiation monitoring
and meteorological systems, communication problems, and the 
suitability of countermeasures taken. Socio-economic consequences 
and legal aspects are discussed, together with actions needed in 
order to improve crisis management in a similar accident in the 
future. 

THE NEED FOR PREPAREDNESS -------
Since the nuclear reactor accident at Chernobyl, USSR, in 

April 1986, it is evident that a certain level of preparedness is 
required also at off-site distances hitherto considered too 
remote to be affected. For instance, the Austrian Province of 
Salzburg (population: 452 000) located about 1300 km from 
Chernobyl, is among the most heavily contaminated areas of 
Western Europe due to wash-out effects during the passage of the 
plume (WH86). 

By 1990 the 382 nuclear power plants presently operating 
world-wide will probably be increased by another 118 new 
plants . Therefore the probability of a major accident will 
increase due to the combined effect of aging old plants, larger 
total number of plants and the lack of international standards 
for operator training and quality control for hardware 
components. The following results summarize the experience in 
the Province of Salzburg, Austria and involvement with 
international agencies in order to identify potential areas of 
improvement with regard to cost-effective crisis management 
( St88). 

PERFORMANCE OF RADIATION MONITORING- AND METEOROLOGICAL SYSTEMS 

The nation-wide installed radiation monitoring-system 
provided most valuable information on the temporal and local 
distribution of the external gamma dose rate. Differences in 

The views expressed in this paper represent the personal opinion 
of the authors and not necessarily those of the Provincial 
Government of Salzburg or the IAEA. 
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mounting the probes caused in some instances a spread of data and 
misinformation about the actual situation at ground-level. Since 
no institutions had previously been designated as regional 
radiation laboratories, different institutions had to provide ~ 
hoc-analytical capacity for the large number of samples to be 
measured. Due to the lack of official guidelines for sampling and 
insufficient centralized dissimination of results, costly 
duplication was unavoidable. Differences in sampling methods, 
hardware counting equipment and analytical methods resulted in 
some problems of comparability among individual results. 

Complex topographical conditions, together with unusual 
weather phenomena added to the uncertainty of meteorological 
predictions of localized wash-out effects. Consequently, large 
gradients of nuclide surface deposition over short distances, 
typical for the present situation, were not foreseen. 

Action needed: calibration of automatic radiation monitoring 
network to assure description of the situation at ground level; 
establishment of a national inventory of radiation monitoring 
systems (hard- and software); regular national radiation 
monitoring intercomparison exercises; definition of graded 
sampling plans for different scenarios of environmental 
radioactive contamination (e.g. for different seasons, urban vs. 
agricultural vs. forest areas, mountainous regions vs. planes); 
improved meteorological models predicting rain-out effects as 
well as the trajectory of dispersing contamination. The 
International Atomic Energy Agency (IAEA) and the World 
Meterological Organization are conducting a joint program on 
atmospheric transport modelling to improve national predictions 
of transboundary releases. 

COMMUNICATION PROBLEMS 

At the regional level communication worked most efficiently 
in the form of a ''coordination committee", comprised of local 
public health authorities, radiation protection experts and 
representatives of farmers and food industries. Close 
collaboration with the local media, the installation of a 24 
hour-telephone service and numerous public lectures provided the 
basic information to the public. 

At the national level communication functioned best through 
personal contacts between individual scientists. Official inter
office information exchange was subject to sometimes serious 
deficiencies due to overburdening of the system (e.g. 
insufficient number of telephone lines, unidentifiable individual 
responsibilities, significant time-delays in urgently needed 
decisions). Since the existing national "Radiation Protection 
Commission" was not called into session, occassionally 
interpretation of national regulatory directives was 
varied from province to province, e.g. concerning the use of 
fresh grass as animal fodder or the method of waste-disposal of 
contaminated whey. 

At the international level special trade connections with 
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neighbouring West Germany were reflected in general decisions, 
e.g. Austria also excluded East Germany from the import 
restrictions concerning food from all other COMECON-countries but 
included Jugoslavia although it is not a COMECON-member; or: food 
limits for cheese and beef were adjusted to EC-levels to 
faciliate trading. While detailed information on quantity and 
nature of the release was ultimately communicated to affected 
States, the initial delay reduced confidence in the reliability 
of the data made available. The lack of prompt and credible 
information resulted in the implementation of some counter
measures which may not have been considered necessary in the face 
of the actual levels of cur1Lamlnation. 

Action needed: installation of a national system for retrieval 
and dissimination of radiation data with telex/telefax
capability; design of institutional mechanisms capable of making 
policy decisions on national radiation protection measures; 
internationally, adherence to and compliance with the convention 
on Eary Notification of a Nuclear Accident in co-ordination with 
the IAEA. 

SUITABILITY OF COUNTERMEASURES 

The information about the arrival of the plume was 
transmitted rapidly to the public via the broadcasting network. 
During the following ten hours only small amounts of dry 
deposition occurred. The official advice given at that time 
emphasized reduced contact with the ground, and limitations on 
the consumption of certain food stuffs grown outdoors. The 
resulting economic damages could have been minimized by providing 
group-specific advice on countermeasures, such as: intensified 
harvest of food stuff or animal fodder; covering of unripe 
vegetation or food stored outdoors with protective foils; closing 
of all openings of green-houses and stables; prohibition of the 
use of contaminated rain water or compost; advice to wear 
protective masks during dust-creating work. 

Action needed: collection of international experiences 
concerning practically applicable profilactic measures to 
minimize impact of fallout-contamination for different population 
groups (consumers, farmers, trade, industry); development of 
agreed levels of intervention; implementation of the Convention 
on Assistance in the Event of a Nuclear Accident or Radiological 
Emergency, including the development of a data bank on experts, 
materials, and equipment available in the event of an emergency. 

SOCIO-ECONOMIC CONSEQUENCES 

The fallout contamination affected most of all food 
producers (farmers, industries) and consumers. The milk industry 
suffered the heaviest losses (54% of the total direct damages), 
followed by stock farming (16%) and vegetable farming (5%). Based 
on the Austrian upper limits of radionuclide concentration in 
food the total costs due to damages amounted in Salzburg to 
about USS 13/person, resulting in a collective dose reduction of 
at least 50% had no action been taken. These costs were due to 
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the need for additional uncontaminated animal fodder for cattle 
and sheep, the destruction of contaminated vegetables and fruit, 
the blending of milk with varying degrees of contamination, the 
changing of the production ratio of milk, butter, and cheese, the 
disposal of contaminated whey, the use of contaminated game, 
pork and beef as powdered animal fodder and the cost of food 
additives to lower cesium-uptake by cattle. The supply of 
suitable raw materials was particularly difficult for producers 
of bottled food for babies, which had to rely to a large extent 
on imports. 

The consumers reacted with a change of their dietary 
characteristics, e.g. less demand for milk products, sheep and 
game, but increased demand for food products from knowingly 
uncontaminated areas, such as Spain, Israel and Africa. 

Action needed: legislative measures to provide for compensation 
of losses to food producers complying with national regulatory 
standards; provision for emergency fodder storage; development of 
techniques for waste disposal or re-cycling of contaminated 
agricultural products; increase of analytical capacity of 
existing laboratories (e.g. automatic sample changers). 

LEGAL ASPECTS 

Immediately following the accident, review of the question 
of compensation for damages revealed the lack of any multi
lateral agreement to which the Soviet Union was party which would 
provide a mechanism for compensating non-nationals for 
deleterious transboundary effects of a radiological release. 
While the Paris Convention on Third Party Liability in the Field 
of Nuclear Energy and the Vienna Convention on Civil Liability 
for Nuclear Damage both address this issue, neither are 
comprehensive, insofar as they deal only with civil liability and 
not State responsibility and limit the types of damage for which 
recovery is available, and neither are widely adhered to (14 
parties to the geographically-limited Paris Convention; 10 
parties to the Vienna Convention). 

Action needed: harmonization of the existing compensation 
multilateral 
and State 

conventions; increased adherence to bilateral and 
agreements covering both civil liability 
responsibility. 

WH86 

St88 
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1. Introduction 

Since many years health organisations have paid attention to 
the contamination of human milk caused by the exposure of pregnant 
women to toxic substances. In particular, several chemical pollu
tants, which undergo very slow metabolisation processes in the 
human body, can be accumulated in wet tissues and released to the 
milk. It has been observed (1) that in the case of some chemical 
substances (like DDT or PCB) the levels in human milk are higher 
than those in cow's milk. It is now well known that human milk is 
a biological gauge of environmental pollution. However, in the 
case of radioactive contaminations more experimental work and 
theoretical interpretation of data are yet needed. Generally 
speaking, available information seems to indicate that relative 
levels of some radionuclides in human milk may be different from 
those present in the maternal diet. 

After the Chernobyl accident, the Italian National Institute 
of Health (ISS), with the collaboration of the Epidemiological 
Unit of Latium District, started a research devoted to the study 
of the radioactive contamination of human milk in Latium. The 
motivation is three-fold, namely: i) to measure the contamination 
of a food product utilised for infants in order to assess the 
corresponding dose to breast-fed infants; ii) to clarify any 
possible correlations between radioactive levels in human milk and 
those in the total body; iii) to correlate the levels in human 
milk with those in the maternal diet. 

2. Main features of the collected samples 

Samples of human milk have been collected from one Milk Bank 
(which gathers milk from more than ten clinics and hospitals in 
Rome) and from the two greatest Universitary Polyclinics in Rome. 
It should be pointed out that such health units receive patients 
from the whole Latium District. Each sample is a mixing of milk 
from 5-10 women, collected within the first week after the child 
birth. 

In order to check if the collected samples are representative 
of the situation in the District, a comparison among the distribu
tions of some parameters relative to milk donors and to the whole 
class of pregnant women in Latium has been carried out. Indeed 
several factors (like the age of the mother, the weight of the 
child, the parity, the job of the mother and her food habits) may 
affect the representativeness of the samples. Such a comparison 
(see ref. 2) has clearly shown that the samples are really repre
sentative of the present situation in the Latium District. 
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3. Radioactivity in human milk samples 

Gamma activities of human milk samples of about 450 ml have 
been measured with two coaxial intrinsic HpGe detectors (efficien
cy 38.2% and 26.6%, resolution 1.95 keV and 1.73 keV, respective
ly). The values of I-131, Cs-134 and Cs-137 concentrations have 
been published in refs. 2 and 3. The I-131 concentration has 
never exceeded 4 Bq/1 and the Cs-134 + Cs-137 concentration has 
always been lower than 9 Bq/1. The corresponding effective dose 
equivalents have been evaluated for breast-fed infants born in 
three different periods (namely, at the end of April '86, October 
'86 and March '87), assuming the NRPB (4) conversion factors and 
the conservative hypoteses of 0.9 1/d milk ingestion and of a 
six-month breast feeding period. The calculated doses turned out 
to be lower than 15 ~sv (3). It must be stressed that the highest 
doses were received in the first period due to the I-131 contribu
tion, even if the ban of consumption of leafy vegetables for the 
whole population and that of cow's milk for pregnant women and 
children under ten lowered the intake of I-131 during May '86. 

In this paper attention is paid mainly to natural radioactiv
ity and to a comparison between cesium and potassium concentra
tions in human milk. In Fig. 1 the monthly averages of K-40 
concentration found in the samples are shown and compared with the 
corresponding Cs-137 mean concentrations. The uncertainties, 
represented by one standard deviation in Fig. 1, depend on the 
number of samples measured each month and are higher for potassium 
concentration due to background subtraction. The mean value of 
K-40 concentration in the period May '86 -November '87 was (19.9 
+ 2.6) Bq/1, whereas the corresponding value observed (6) in cow's 
milk from the Central Dairy of Rome was (57 ± 10) Bq/1. 

8.9 28.9 
• Cs-137 

I I 
c K-49 

Bq/1 

T I I j ! I 
Bq/1 

6.4 22.4 

I ! I 4.8 
f 
f I ! ! j 16.8 

+ + • 
3.2 • • • + 11.2 • + • 

• 
• • • 

1.6 • 5.6 • 
• 9.9 9.0 

APR 86 AUG 86 DEC 86 APR 87 AUG 87 DEC 87 

Hay 1986 - HoveMhe~ 1987 

Fig. 1. Monthly averages of Cs-137 and K-40 concentration 
measured in human milk samples. 

In Fig. 2 the monthly averages of Cs-137 concentration in 
human milk and cow's milk (from the Central Diary of Rome) are 
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compared. It can be seen that the Cs-137 level was much higher in 
cow's milk than in human milk during the whole '86 and the first 
half of '87. 

75,-r---------------------------------~ 
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15 

I 
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• lmMan Milk 

I I d ! I 
. . . . . • • ! I m ' 

9+---~·~·~.-------.-------,--------r·~·~·~-~ 
APR 86 AUG 86 DEC 86 APR 87 AUG 87 DEC 87 

Hay 1986 - NoveMber 1987 

Fig. 2. Monthly averages of Cs-137 concentration in human milk 
and in cow's milk (6) from the Central Diary of Rome (errors 
are one standard deviation and represent the spread of the data 
within each month). 

Total potassium concentration has been measured in some human 
milk samples and - for comparison - in some cow's and sheep's milk 
ones (see ref. 5 for the radioactivity measurements). The potas
sium mean content was found to be 0.75 g/1, 1.47 g/l and 1.20 g/1 
for human, cow's and sheep's milk respectively. The value for 
human milk is higher than some values found in literature (see 
ref. 7), but it is well known that it is highly dependent on 
mother's diet and other factors. The ratio between the K-40 and 
totab1K co~!entrations turns out to be in the range (28 - 36) 
Bq•l /g•l , in good agreement with the isotopic ratio of natural 
potassium (0.0118 %). This fact makes it possible to use directely 
the K-40 concentration measured in the samples instead of the 
total potassium concentration in evaluating the Cs-137 to potas
sium ratio. In Fig. 3 the monthly averages of the Cs-137/K-40 
ratio observed in human milk samples are shown. It can be seen 
that the ratio is always lower than 25%, whereas the corresponding 
ratio in cow's milk (6) is higher than 30% up to May '87. 

Unfortunately, up to now available experimental data cannot 
allow any meaningful assessment of the Cs-137/K-40 ratio in the 
total diet of pregnant women in Latium. However it is interesting 
to note that the Cs-137/K-40 ratio measured (5) in wheat samples 
from Latium was found to be higher than 30%. 

The results presented clearly shows that the Cs-137 contami
nation in human milk has been very low both in an absolute sense 
and in comparison with cow's milk. Furthermore, the Cs-137/K-40 
ratio has been lower than the corresponding ratio in cow's milk 
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Fig. 3. Values of the Cs-137/K-40 ratio found in human milk. 

and, probably, in mother's diet, unlike the case found by other 
authors in the past (8). 
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PRELIMINARY DOSE ASSESSMENT IN TURKEY 
AFTER THE CHERNOBYL ACCIDENT 

M. Guven Yalcintas and David E. Fields 
Oak Ridge National Laboratory 

P.O. Box X, Building 7503, MS-382 
Oak Ridge, TN 37831, USA 

ABSTRACT 

A major reactor accident occurred at unit 4 of the Chernobyl Nuclear 
Power Station located about 60 miles north of Kiev in the U.S.S.R. on 
April 26, 1986 at 1:23 a.m. Turkey's coasts on the Black Se.a are about 
1200 miles south of Kiev. The radioactive cloud reached northern and 
western Turkey about 48 and 72 hours after the accident, respectively. Most 
of the activity in the clouds reached the ground with localized rain; there
fore the ground contamination showed great variation. For example, at 
several different locations, milk samples taken between May 5-9, 1986 showed 
average activity of 399 Bq/1, and a standard deviation of ± 222 Bq/1. 
Cs-137 activity at one of these locations measured 108 Bq/1 on May 5, 1986. 
The air sample activity on the same location was 0.4 Bq/lt. The doses to 
individuals calculated from these figures are insignificant. For example, 
thyroid dose of an individual from one. liter of ingested milk is about 
0.19 mSv. Inhalation dose to an individual is about 0.0001 mSv/1 air 
inhaled. Short-term and long-term doses from the cloud itself, from 
inhalation and the deposited radioactivity on food, will be presented. 

The fallout information was not released to the public by the author
ities, which created a great deal of confusion and anxiety in the population. 
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WEATHERING AND MIGRATION OF CHERNOBYL FALLOUT IN SWEDEN 

Olof Karlberg 
Studsvik Energiteknik AB 
S-61182 Nykoping, Sweden 

ABSTRACT 

In situ spectromet~r measurements of the Chernobyl 
fallout in Sweden have been made tn the Gavle and 
Studsvik areas. The main oh~ective of the measurements 
is to study the weathertng etfects on typical urban 
surfaces and migration on porous suTfaces. 

Measurements were made in May, 3uly and September. The 
average remaining fraction after 5 months ts around 0.6 
(excluding decay} • No significant differences between 
typical urban surfaces were found, except for paving 
stones, which showed a remaining fraction of 0.8. 

The soil profiles have a half value depth of a few 
centimeters. Activity was found below 20 dm, which 
indcates other transport mechani:sms than pure diffusion. 

A similar behavior of all nuclides with respect to both 
weathering and migration, indicates that the main part 
of the activity is bound to carrier particles. 
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SWEDISH RADIATION PROTECTION RESEARCH FOLLOWING CHERNOBYL: 
DISPERSION, DEPOSITION, MIGRATION, UPTAKE, INTAKE, DOSE 

Ulf Baverstarn and Leif Moberg 
National Institute of Radiation Protection 

Box 60204, S-104 01 StoGl~holrn, Sweden 

ABSTRACT 

Immediately after the Chernobyl accident, a massive research 
effort in the radiation protection field was started in Sweden. 
Most projects were initiated by the National Institute of 
Radiation Protection (NIRP) and were carried out by a number 
of different Swedish research groups, including NIRP itself. 

The investigations cover fields such as: plume transport over 
Sweden, deposition of radioactive particles, transport of the 
activity in aquatic and terrestrial systems, food chain pathways 
including uptake in vegetables and intake of activity in animals 
(and some efforts to reduce this intake), intake in man and 
dose calculations for Swedish individuals and populations. 

A number of sociological studies of the reactions of the public 
to the accident have also been initiated. 

This paper summarizes and evaluates this national research effort. 
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RADIONUCLIDE CONCENTRATION FROM PEAT BURNING 
AFTER THE CHERNOBYL ACCIDENT 

Robert Hedvall, Bengt Erlandsson*, Hakan Pettersson 
Dept of Radiation Physics 
*Dept of Nuclear Physics 

University of Lund, Sweden 

ABSTRACT 

We have studied the radionuclide concentrations in byproducts and releases 
from a 30 MW peat-burning power plant in central Sweden. The plant is located 
in an area that received high levels of radioactive fall-out from the Chernobyl 
accident. 

After the accident at Chernobyl, the plant carried out a test run before 
the beginning of the normal running season. Samples of peat and ash were 
collected during a 2 month period and were studied in order to ascertain 
whether radiation protection was necessary for workers handling the peat and 
byproducts. 

In spite of the high ground contamination of radionuclides (20-80 kBq/m2) 
of the peat, the radionuclide concentration in the peat was only about 1 kBq/kg 
(and half of this one year later). This is due to the process in which the top 
50 em layer of peat is continuosly mixed and turned over. 

Samples of fly ash from different parts of the plant, analysed using 
gamma-ray spectroscopy, were found to have activity concentrations of 10-50 
kBq/kg Cs-137, while the activity concentration of bottom ash was 4-10 kBq/kg. 
During the winter of 1984-85 the average level of Cs-137 in the flyash was 340 
Bq/kg. 

Condensed water from the chimney did not contain any measurable amounts of 
Cs-137. Emission measurements of the gases in the chimney gave rather high 
activity concentrations of Cs-137. The maximum value of 70 kBq/kg was probably 
due to the ease with which caesium escapes during heating. 

No special radiation protection steps were found to be necessary. 
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INTRODUCTION 

After Chernobyl Cs-137 was one of the major contributors to external 
radiation in areas with high fall-out. Peat in these areas will therefore also 
contain Cs-137 in large amounts. 

Gamma-spectrometric analyses of radioactivity concentrations in peat and 
different ash products have therefore been determined in a district heating 
plant in Sandviken in the central part of Sweden. 

During this period 15000 tonnes of peat were used, producing 470 tonnes of 
flyash and 70 tonnes of bottom ash. Only about 1-3 tonnes of flyash passed the 
filters. 

SAMPLING 

During a two-month period, from the end of November 1986 till the end of 
January 1987, grab samples were taken at the plant and were sent to us where 
they were homogenized and dried and packed into 123 ml airtight tubs. 

Grab samples were taken at 5 stages, as shown in figure 1. Peat (1), 
flyash from after the cyclone (2), particle size 10-50 ~m, after the textile 
filter (3), less than 10 }Jm and a mixture of total flyash immediately before 
the waste container (5), and bottom ash (4), consisting of mainly sand, were 
collected at least once a week during the period of normal running. 

l PEAT 1---I 
~MILLED} <D 

I 

BOILER CYCLONE TEXTILE f-

~ FILTER ~ 

v.l (.) 

I r c( 
...... 

l® 
en 

I I 

~....,.. 

BOTTOM TOTAL 
ASH 

@ FLYASH@ L 

Fig 1. Schematic diagram of the Sandviken peat plant. The numbers 1-5 
show at which stages samples were taken. 
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DETECTOR 

We have used a germanium lithium detector for the determination of Cs-137. 
The detection efficiency was obtained using a reference solution in the same 
geometry and of the same density as the samples to be investigated. 

RESULTS 

Cs-137 concentration of fall-out was between 20 and 80 kBq/m2 in the area 
with several peat mosses used at the plant (1). 

In spite of the high ground contamination of mainly caesium but also other 
radionuclides, of the peat moss, the radionuclide concentration in the used 
peat was fairly low because of the process in which the top 50 em layer of peat 
is continuously mixed and turned over with less contaminated peat. One year 
after this sampling the activity concentration was only half of that in table 
1 . 

Table 1. 137cs concentrations in peat and ash products from Sandviken. 

Type of sample 

Peat (16) 
Bottom ash (6) 
Flyash 10-50 ~m (16) 
Total flyash (8) 
Flyash <10 ,<'m (13) 

Arithm ave 
s. d. 

Median 

Bq/kg dry weight 

1150+/-155 
6031+/-1691 
9565+/-2195 
16792+/-3560 
29934+/-14628 

1154 
5354 
9537 
17270 
28830 

The number of samples is shown in parentheses. 

It 
smallest 
values of 
samples. 

is evident that the highest activity concentrations are found on the 
particles. Emission measurements of the gases in the chimney gave 
about 70 kBq/kg, with great uncertainty because of small and only 2 

If we try to check the balance of in- and outcoming particulate matter for 
Cs-137 we will find that only about 15% is missing. This is probably due to the 
fact that Cs-137 is volatile. 

During the winter of 1984/85 the average level of Cs-137 in the flyash was 
340 Bq/kg (2). 
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COLLECTIVE DOSE COMMITMENT IN SWEDEN AFTER THE 
CHERNOBYL ACCIDENT 

CALCULATION FOR INHALATION AN EXTERNAL IRRADIATION 

Robert Finck, Kay Edvarson, Lars-Erik De Geer, 
Bjorn Bjurman, Ingemar Vintersved, Rune Arntsing and Siv Jacobsson 

National Defence Research Institute, 
FOA 215 Nuclear Detection, 

P.O. Box 27322, S-102 54 Stockholm, Sweden 

ABSTRACT 

The collective committed dose to the Swedish population from the Chernobyl 
accident has been estimated from a large number of measurements of radio
nuclides in air and on the ground. The calculation is, besides a number of 
teoretical assumptions, based on three types of measurements carried out 
during the first year after the accident. 

1. Particulate air activity from six high volume air filter sampling stations. 

2. In situ high resolution gamma spectrometry at selected sites representing 
the different fallout compositions. 

3. Gamma spectrometry of total Sweden by aircraft carried sodium-iodide 
spectrometer. 

The collective committed dose to the Swedish population has been estimated 
between 4000 and 6000 manSv, foodstuffs excluded. Around 20 % of the 
collective dose is received during the first year. The contribution to 
the collective <lotH' <'ouuuitnwnt fn>m inlwl:ati•>n und ••xlernul cloud radiation 
is small. 

The collective dose commitment is dominated by the ground deposited cesium-134 
and cesium-137 isotopes. In wet deposition areas up to 80 % of the dose 
equivalent during the first year is due to cesium isotopes. In dry deposition 
areas the relative composition of radionuclides is different from the wet 
deposition areas and the cesium contribution is lower. ' 

The average dose commitment to the Swedish population is around 0.1- 0.5 
mSv during the first year and 0.7- 4 mSv during the first 50 years. 

The dose commitmen~ from Chernobyl can be compared with the dose commitment 
from ground deposited cesium-fallout from nuclear atmospheric tests during 
the next 50-year period. The fallout dose is 0.26 mSv, which corresponds to 
a collective dose of 2170 manSv in Sweden. 
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RESULTS OF A HONEY MONITORING PROGRAM IN ITALY 
AFTER THE CHERNOBYL ACCIDENT 

C. Omet, S. Piermattei 
ENEA-DISP, Rome - Italy 

P. Ossola, S. Tofani 
Laboratorio di Sanita Pubblica, Ivrea - Italy 

M. Fabretto, R. Padovani 
Servizio di Fisica Sanitaria USL 7, Udine - Italy 

INTRODUCTION 

Honey bees (Apis Mellifera) as bioindicators of environmental 
pollution have been studied for a long time to analyse their 
ability to detect air ~d water pollution (1). Bees forage over a 
large area (around 7 km ) and seem to act as biomagnifiers of the 
contamination of the environment. 

Honey bees and their products, mainly honey, were used in the 
U.S.A. during the seventies to monitor potential releases from 
nuclear waste disposal sites. Honey samples were examined to detect 
contaminated areas surrounding a nuclear facility at Cattaraugus 
Country (NY) ( 2); the presence of radionuclides from fallout of 
nuclear weapon tests in honey samples was also investigated (3). 

As a consequence of the Chernobyl accident, the radioactive 
contamination spread all over the Italian soil allowed the analysis 
of the radioactivity transfer from the environment to honey. 

MATERIALS AND METHODS 

Soon after the Chernobyl accident few hundreds of honey 
samples from various parts of Italy were collected. 

The samples originated from two administrative districts 
(Regioni) located in the North-West (Piemonte) and in the 
North-East of Italy (Friuli-Venezia Giulia) were singled out. These 
two districts were heavily affected by the radioactive 
contamination. 

Mainly two different types of honey were sampled: honey from 
flowers (Multiflora) and from Robinia pseudoacacia. 
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The samples, weighing around 500-1000 grams, were 
without any pretreatment, by gamma spectrometry 
detectors. An intercalibration was carried out 
laboratories performing the measurements. 

analysed, 
using HPGe 
among the 

To study the contamination trend, honey samples of the same 
type were also collected in the same districts during 1987. 

EXPERIMENTAL RESULTS AND ANALYSIS 

The concentration of Cs-137 detected in the honey samples 
ranges from 3. 4 Bq/kg to 606.8 Bq/kg for the Piemonte and Friuli 
Venezia Giulia (FVG) districts in 1986. First of all an attempt was 
made to correlate the Cs-137 honey contamination with Cs-137 soil 
deposition averaged over an area comparable with that used by the 
bees to forage. 

In the case of FVG district detailed deposition data were 
available (4), enabling us to perform a correlation analysis. The 
results show that correlation exists (Pearson product-moment 
correlation = 0.85) between Multiflora honey contamination and soil 
deposition averaged over circular areas having radius :::;:; 8 km. 
Conversely, if samples of all different types of honey were 
considered, a very low correlation was found. The results of 
measurements performed on all the samples collected in FVG during 
1986 and 1987 are shown in TABLE 1. The district was divided into 
three geographycal areas (A= mountain, B =hill, C =open plain). 
For each area the average value of the Cs-137 honey contamination 
is indicated as well as the standard deviation and the number of 
samples. For each area the range of 1986 soil deposition is also 
shown. 

For the Piemonte district the soil deposition data did not 
allow us to carry out a detailed analysis as for FVG. However a 
rough 2 calculation of the ratio (Bq/kg) honey contamination ~~ 
(Bq/m ) soil deposition shows for Multiflora honey a value of 10 
which is in agreeement with that evaluated from the FVG data. The 
experimental results are shown in TABLE 2. Only two areas have been 
considered in this case (B =hill, C =open plain). 

In a previous study (5) it was noted that in Piemonte and in 
FVG the Cs-137 contamination detected in the Multiflora honey 
collected in 1986 was significantly higher than that of Robinia 
honey. This could be due to two reasons: 1) the activity 
intercepted by Multiflora is sensibly higher than that intercepted 
by Robinia and 2) the Multiflora blossom was at maximum at the end 
of April-beginning of May, while Robinia blossomed around half of 
May when the concentration of Cs-137 in air was rather low. 
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TABLE 1 
FRIULI VENEZIA GIULIA 

Cs-137 SOIL Cs-137 HONEY CONTAMINATION (Bq/kg) 

1986 2 1986 1987 
(kBq/m ) MULTIFLORA ROBINIA MULTIFLORA ROBINIA 

AREA 
MIN MAX n x s n x s n x s n :X s 

A 18.3 27.7 10 153.3 88.1 1 67.0 4 17.6 6.6 

B 4.5 20.5 15 149.3 139.2 11 39.4 35.8 3 16.7 12.4 4 3.2 1.0 

c 1.2 14.2 21 63.8 45.6 9 29.9 14.6 2 5.7 .7 4 5.9 5.2 ..... 
0 
O::l 
O:l TABLE 2 

PIEMONTE 

Cs-137 SOIL Cs-137 HONEY CONTAMINATION (Bq/kg) 
1986 2 1986 1987 

(kBq/m ) MULTIFLORA ROBINIA MULTIFLORA ROBINIA 
AREA 

MIN MAX n x s n x s n x s n x s 
B 5.5 18.2 3 128.5 53.8 13 13.6 7.9 6 5.7 2.4 13 1. 5 .7 

c 8.8 9.4 4 109.0 54.6 5 6.8 2.2 2 1.4 .1 5 1. 2 .3 



CONCLUSIONS 

The analysis of data collected in 1987 shows that the honey 
contamination is around one order of magnitude lower than in 1986. 
While in 1986 the honey contamination can be attributed mainly to 
direct deposition, in 1987 there are several factors which might 
affect the plant uptake of radionuclides: direct deposition, 
resuspension, translocation and it is impossible to discriminate, 
at the moment, their relative contribution to the honey 
contamination. 

An exception seems to be represented by some Chestnut honey 
samples. For the FVG district, in fact, the average value of Cs-137 
contamination in the 1986 Chesnut honey is 96.3 Bq/kg (n = 6, s 
89.0) and in 1987 is 43.3 Bq/kg (n = 4, s = 6.8). For the Piemonte 
district only one sample was collected in 1986 showing a Cs-137 
contamination value of 29.5 Bq/kg, while the average value for 1987 
is 38.5 Bq/kg (n = 6, s = 20.9). Due to the scarcity of data, more 
analysis is required to study Chesnut honey contamination trend. 

It appears also that no discrimination should take place 
between the transfer of Cs-137 and that of other radionuclides to 
honey, as the ratio Cs-137/Ru-103 in air is the same as detected in 
honey samples (1). 

With regard to the use of honey as bioindicator, we pointed 
out that Multiflora honey can be useful as contamination indicator 
in case of elev~ted contamination, during flowering time, around 
areas of few km • Nevertheless it seems to us that, in case of 
large contamination, environmental samples exist that can be better 
and perhaps less expensively used as bioindicators (milk, grass, 
soil). However the problem is still open and more analysis is in 
progress. 
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RADIATION MONITORING OF IMPORTED FOOD TO 
SAUDI ARABIA AFTER CHERNOBYL ACCIDENT 

Sarnir Abdul-Majid, Waleed Abulfaraj, 
Mohammed S.Al-Johani, Abdel Megid Marnoon, 
Abdulrahrnan F.Abdulfattah and Kollathodi 
M. Abubakar. 

INTRODUCTION: 

Nuclear Engineering Department 
King Abdulaziz University 
P.O.Box 9027,Jeddah-21413 

SAUDI ARABIA. 

Following Chernobyl reactor accident, King Abdulaziz Univer
sity (KAU) was assigned the responsibility of monitoring food imports 
reaching the western ports of Saudi Arabia. This includes the three 
western seaports of Jeddah, Yanbu and Jizan and the airport of Jeddah. 
Through the seaport of Jeddah, the largest in Saudi Arabia~essenti
ally all kinds of foodstuffs are entering. Chilled meat, fresh vege
tables and other items that can not be stored for long time are corn
ing through Jeddah airport, while Jizan and Yanbu handle rnianly bar
ley and animal feed. The monitoring program started in the middle of 
June. This is the time when pilgrimage season starts and about one 
million persons come from different parts of the world to the city of 
Mecca. Food imports drastically increases during this time and large 
number of live sheep and cows are imported for religious sacrifice. 

MONITORING PROCEDURE: 

The monitoring process includes the use of 5.08-x 5.08-crn 
(2-x2-in) Nai(Tt)scintillation detector used with counter that gives 
count rate only. Several samples of few kilograms each are brought 
from different parts of each shipment for radiation inspection. In 
this process the detector was either surrounded by the sample mater
ial or put on its surface to obtain better counting efficiency. In 
many cases and whenever possible inspection was done inside the food 
container where usually better counting is obtained, since more food 
is present and gamma photons are corning from all directions. An in
crease of 10 to 20% in the count rate is observed when the sample is 
containing few hundered Bq/Kg of total radioactivity. 

If any increase in the count rate is observed over the back
ground, larger samples were then inspected by a 12.7-x 10.16-crn 
(5-x4-in) scintillation detector provided with a discriminator and 
a counter-timer where discrimination was made only against lower le
vel background radiation. This detector was not used to identify ra
dionuclides in the food or for measuring their concentration, but 
rather to confirm the observation made by the survey meter since the 
counting time can be extended to any desirable value. Usually 5 min
utes is long enough time for such confirmation. 

Samples showing increased radioactivity above background 
are brought to the radiation detection laboratory for radionuclides 
identification and concentration measurements. The detection systems 
include a Ge(Li) detector, a pure Ge detector, a 1024 multichannel 
analyzer, a PC-IBM computer with special electronic board equivalent 
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to 8192 channels along with the associated electronics. The de
tectors are shielded by lead bricks to reduce as mush as possi
ble the background radiation. Meat samples were cut into small 
pieces to fill a plastic container where their activity was co
mpared with water (filling similar container) having 1000 Bq/Kg of 
each of different fission products. Milk powder radioactivity was 
compared with the activity of another milk powder originally free 
from radioactivity and then mixed with known amount of fission 
products radionuclides to give the same concentration as that 
of water. Radioactivity of other food samples, such as fruits, 
were compared with water, otherwise different reference sources 
were made for them. In the measuring system used it was possible 
to measure concentrations of few Bq/Kg. The Kingdom of Saudi Ara
bia has initially adopted the acceptable levels of imported food 
taken by E.E.C. countries namely 600 Bq/Kg and 370 Bq/Kg of total 
Cs activities for adult and dairy and children food respectively. 

RESULTS AND DISCUSSION: 

From the middle of June, when the monitoring program was 
effectively started, untill early September essentially all sam
ples analyzed in the KAU laboratory were meat and milk powder. 
These food items came from cattle and sheep grazing on contamina
ted grass. Mainly Cs-137 and Cs-134 were observed, although in 
the early days other fission products were found as well. During 
the same period no observation of radioactive contamination of fru
its and vegetables was registered. Presumably surface contamination 
of these items, if any, was removed by washing. In the month of Sep
tember, radioactivity were found in biscuits, mushrooms and ferti
lizers in addition to meat and milk powder. About early October, 
radioactive contamination was detected in nuts, fruits, grain pro
ducts, macaroni, amber and some indoor plants. 

Table 1 shows the type of food analyzed by the gamma snec
troscopy system, their total number, the number of those having 
radiation concentration above the acceptable level and their ner
centages during the period from the first of July 1986 untill 
the end of February 1987. During this period large numbers of meat 
and milk samples were brought for radioactivity analysis. Further
more a large percentage of them showed levels above acceptable. 
Wheat and wheat products such as Macaroni, biscuits also showed no
ticeable amounts of contamination. Clearly the right conclusion on 
tendency of certain food products to accumulate radioactivity can 
not be easily concluded from this table because this will depend on 
the total amount imported of the specific type of foodstuff. 

Figure 1 shows the variation of total number of samples 
analyzed and the number of those showing radiation above the accep
table level with time.From July to September 1986.The samples sent 
for analysis were decreasing in number. This may be due to the fact 
that radiation contamination was actually decreasing with time in 
meat and milk and/or possibly due to recognition by exporting coun
tries of radiation in-food and better inspection procedures being 
applied. After the month of October the number of samples brought 
for analysis started to increase due to the fact that contamination 
was found in other varieties of foodstuff in addition to meat and 
milk. Generally smaller contamination concentration was found. 
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Figure 2 shows the ratio of Cs-134 to Cs-137 concentra
tion in meat after August 16. Clearly this ratio is decreasing 
due to the fact that the half-life of Cs-134(2.06y) is much shor
ter than that of Cs-137 (30y). 

Sl. 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

9 
10 
11 
12 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 

Table 1: Types of samples analyzed by gamma spectroscopy 
method, their total number and the number having 
radiation level above acceptable. 

Sample Type. No.of Percentage Above acceptable level 

samples out of No.of Percentage 

received total samples 

Meat 66 29.07 22 33.33 
Lentils 25 11.01 4 16.00 
Milk Powder 23 10.13 13 56.52 
Wheat 17 7.49 1 5.88 
Macaroni 14 6.16 5 35.71 
Fig 9 3.96 0 0 
Biscuit 8 3.52 3 37.5 
'Mahlab' 7 3.08 6 85.71 
( c. efta;., u.o 
mahaleb) 
Semolina 6 2.64 0 0 
Plant soil 6 2.64 4 66.67 
Veg.soup 5 2.20 0 0 
Dried grass 4 1. 76 4 100 
(for animal) 
Chocolate 4 1. 76 0 0 
Hazelnuts 4 1. 76 2 50 
Apricot 4 1. 76 0 0 
Apple 3 1.32 0 0 
Walnut 3 1.32 0 0 
Chestnuts 3 1.32 0 0 
Honey 2 0.88 0 0 
Animal feed 2 0.88 0 0 
Ambergris 2 0.88 2 100 
Cumin 2 0.88 0 0 
Hazelnuts 2 0.88 1 50 
with honey 
Fertilizer 2 0.88 2 100 
Mushroom 1 0.44 1 100 
Cheese 1 0.44 1 100 
Almond 1 0.44 0 0 
Orange 1 0.44 0 0 
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MONITORING OF RADIOACTIVITY IN IMPORTED FOODSTUFFS 
EXPERIENCE GAINED AND RECOMMENDATIONS 

Abdel Megid Mamoon, Abdulrahman F.Abdulfattah, 
Waleed H. Abulfaraj, Samir Abdul-Majid, Moha
mmed Al-Johani and Kollathodi M. Abubakar. 

INTRODUCTION: 

Nuclear Engineering Department 
King Abdulaziz University 
P.O.Box 9027,Jeddah-21413 

SAUDI ARABIA. 

The Chernobyl reactor accident released large amounts 
of radioactivity that was carried by winds across international 
boundaries. Soils and surface waters as well as vegetation and 
grazing animals in neighbouring countries to the Soviet Union 
were subject to radioactive contamination in various degrees. 
Saudi Arabia imports much of its foodstuffs from European count
ries and about 75% of the imported foodstuffs come through west
ern ports of the country. Hence the Government of Saudi Arabia 
took appropriate measures to ensure safety of imported foodstuffs. 

King Abdulaziz University (KAU) was directed by the go
vernment at about mid-June 1986, to carry out radioactivity ins
pections of food items reaching Jeddah, Yanbu and Jizan seaports 
as well as food arrivals at King Abdulaziz International Airport 
at Jeddah. Parallel responsibilities were assigned to other uni
versities and King Abdulaziz City for Science and Technology, for 
radioactivity inspections of imported foodstuffs reaching ports 
or inlets in their respective areas. In applying the measures and 
controls enacted by the government against importation of radio
actively contaminated foodstuffs, much management experience was 
acquired and some of it is rather unique to Saudi Arabia. 

RADIOACTIVITY INSPECTION MANAGEMENT: 

1. Partition of the monitoring process into two parts was 
adopted. Gross radioactivity inspection was done at the inlets 
by the use of scintillation survey meters and qualitative and 
quantitative analysis for radionuclides was done at laboratories 
of the nuclear engineering department of King Abdulaziz Univer
sity. Food samples that showed any increase of radioactivity 
above background raised sufficient concern that the parent ship
ment might have radioactive contamination resulting from Cherno
byl reactor accident. The shipment was then held at the respec
tive inlet, pending detailed analysis of representative samples 
at (KAU) • Should that analysis show unacceptable levels of reac
tor fission products, the decision was 'then taken by the autho
rities to bar that shipment from entry into Saudi Arabia and its 
local agent was instructed to reship it to its port of origin. 

2. The inspection team applied the temporary foodstuffs ra-
dioactivity limits adopted by the government of Saudi Arabia and 
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were similar to those practiced by the European Economic Council. 
These limits were a maximum of 600 Bq/Kg or liter for adult food 
and 370 Bq/Kg or liter for all infant food, for total Cs-137 and 
Cs-134. Recently however, the limits were officially set at 75 
Bq/Kg or liter of total Cs-137 and Cs-134, for adult food, 30 Bq/ 
Kg or liter for infant food and 10 Bq/liter for water, while ani
mal feed limit was set at 300 Bq/Kg. 

3. The assignment of radiological inspection of imported 
foodstuffs to the different scientific institutions was on a tem
porary basis, pending completion of training of the technical 
staff at the government quality control laboratories at the di
fferent ports. Hence an appropriate program of technical training 
for the quality control employees, in the western ports, on radi
oactivity gross inspection was embarked upon by (KAU). Lectures 
on the relevant principles of atomic and nuclear physics, radio
isotopes, and foodstuffs' contamination by radioactivity were in
cluded. Furthermore experiments and laboratory demonstrations co
vering the different aspects and sources of error in gross radio
activity assay in foodstuffs were also included. 

4. Acquisition of various radioactivity monitoring equip
ment from the various companies suffered much delay after Cher
nobyl accident. There was much demand for these equipment and 
the inventories were down. It is important to be prepared for 
such emergencies and back-up equipment should always be available 
at the various inspection sites. 

5. There was a need for quick yet reliable sampling techni-
que. In some situations, the sample heterogenities were not only 
in single shipments, but also inside individual containers notice
able variations in radioactivity were observed. One sample might 
be practically free from fission radionuclides side by side with 
samples containing unacceptable radioactivity levels. This could 
be due to packaging of food items from different sources in one 
shipment. An efficient and not time consuming sampling technique 
should be devised so as to permit truely representative sampling 
in emergency situations such as at pilgrirnrnage times. 

6. The quantity of imported foodstuff is greatly increased 
around the time of Muslim pilgrirnrnage to Holy Mecca. A great in
flux of food items, live animals (mainly sheep and cows) and of 
course people takes place over a short period of time. In 1986, 
pilgrirnrnage time was about the middle of August, i.e. after 
the time of chernobyl accident, and food items and live animals 
were subjected to radioactivity inspection. The different ports 
to the country lacked animal whole body counters. When live ani
mals are imported for religious sacrifice on a certain day, sam
pling meat from hundreds of animals becomes a problem. Inspection 
by survey meters is not enough and installation of animal whole 
body counters at all inlets to the country would facilitate the 
inspection process tremendously. 

7. The Quality Control laboratories at the ports carry out 
several inspection processes on imported foodstuffs. Radioactivi
ty inspection was a newcomer to the battery of tests usually 
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conducted and a position in the sequence of these tests has to 
be marked for radioactivity examination. The decision was taken 
by the Quality Control Department to conduct the radioactivity 
test at least concurrently with other tests, if not before,since 
presence of unacceptable levels would render other test unwarran
ted. 

8. At the beginning of the inspection process, an unanti
cipated situation of great worry and concern evolved among sea
port and airport workers handling foodstuffs found to be radio
actively unacceptable, and ordered to be reshipped to its port 
of origin. This is not unusual anxiety on the part of these wor
kers, who have no technical knowledge concerning radiation. How
ever the problem was alleviated after oral communications with 
the workers and administrators in charge, and after distributing 
pamphlets written in nontechnical language explaning facts about 
radiations. 

9. The inspection process for radioactivity levels in im-
ported foodstuffs became widely known and had a tremendous impact 
on the public as well as on different governmental departments. 
As regards the public, this new awareness was definitely a posi
tive outcome but it had also, in some cases, a negative aspect. 
Some members of the public became overly worried especially mo
thers of newborn babies and pregnant women. This matter was han
dled by having local experts in the field of radiation and health 
use the different news media to explain in simple language the 
relevant facts about radioactivity contamination of foodstuffs. 
This information campaign, so to speak, helped to ameliorate the 
unnecessary anxiety of some members of our public. 

OBSERVATIONS AND RECOMMENDATIONS: 

1. A lot of work needs to be done regarding setting inter-
nationally agreed upon maximum limits of radioactive contamina
tion of adult and infant food items. The various situations of 
food mixes and eating habits should be taken in consideration. 

2. Certificates accompanying food shipments from various 
countries declaring the food items to be"radioactively safe for 
human consumption" need to be issued by officially designated 
technical organization of the country shipping the foodstuffs. 

3. The techniques used by the different countries for ra-
dioactive monitoring of food shipments should be standardized 
and agreed upon: Some certificates for example claimed that the 
accompanying food shipment was free from radioactivity as checked 
by Geiger survey meter. This of course is unacceptable technique 
at these very low radioactivity levels and was indeed found in 
error in several shipments. 

4. Because another chernobyl-like accident is not impossi-
ble , it would be extremely helpful to have publications written 
in the official languages of the United Nations and covering in 
simple non technical language the facts or rather the"true or 
false" about radioactive contamination of foodstuffs. Having such 
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publications distributed to member countries will be of great 
value in time of need. 

5. The IAEA or WHO or some similar international organi-
zation may arrange a workshop or training program for administ
rators and public relation employees at seaports and airports 
covering simple facts about radiations and health and food co
ntamination with radioactivity. Intelligent cooperation from 
these people is very important to the success of the inspection 
process. 

6. The radioactivity inspection process has alerted seve-
ral concerned scientific institutions in this country to the 
insufficiency of the present data on the radioactivity of our 
own natural environment and foodstuffs. This may actually be 
the situation with many other developing countries. Complete 
data on the radioactivity of locally grown food crops, meat 
from local cows and sheep as well as milk and milk products 
would have formed valuable baseline data for the food radioac
tivity inspection process. 

7. In our management of the food inspection process, pri-
ority was given to perishable foodstuffs such as chilled meat 
and small live chicks ••• etc., But when these items show in the 
gross radioactivity check at the ports, increase in activity 
above background, the shipments will have to wait for the com
pletion of the qualitative and quantitative tests. It is there
fore advisable that the suppliers of these perishable foodstu
ffs be doubly sure that their shipment is free from radioactive 
contamination, so as to avoid possible financial losses. 
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POST-CHERNOBYL WHOLE-BODY COUNTING MEASUREMENTS 

IN THE FEDERAL REPUBLIC OF GERMANY 

H. Schmier (1); P. Koeppe (2); H. Erlenbach (3); D. Berg (4); K.-H. Brod (5); 
H. Doerfel (6); Ch. Hansen (7); R. Kunkel (8); E. Rose (9); H. Schiefer
decker; (6); E. Werner (7). 

(1) Institut fUr Strah1enhygiene des BGA, D-8042 Neuherberg; (2) Freie Uni
versit~t Berlin, D-1000 Berlin 45; (3) Zentralstelle fUr Sicherheitstechnik, 
D-4000 DUsseldorf 1; (4) Institut fUr Strahlenbiologie der GSF, D-8042 
Neuherberg; (5) Johannes-Gutenberg-Universit~t. D-6500 Mainz; (6) 
Kernforschungszentrum Karlsruhe GmbH, D-7500 Karlsruhe; (7) Inst. Biophys. 
Strahlenforschg. GSF, D-6000 Frankfurt/Main; (8) Universit~t des Saarlandes, 
D-6650 Homburg/Saar; (9) Kernforschungsanlage JUlich, D-5170 JUlich. 

Introduction: The Federal Republic of Germany (F.R.G.) is 
situated about 1500 km west of Chernobyl, has a borderline 
approximately parallel with that of the Soviet Union, is densely 
populated, and was the first contaminated Central European 
country outside the Eastern Block. Furthermore, a network of 
whole-body counting laboratories extends over the entire F.R.G.'s 
territory for radiation protection purposes. These institutions 
started measurements 
immediately after the 
radioactive cloud rea
ched Germany (April 30, 
1986). The paper 
summarizes the 
measurements of Cs-134 
and Cs-137 body burdens 
of reference groups 
under both the regional 
aspect and the aspect 
of body burden 
development from May 
1986 till October 1987. 

Materials and Methods: 
For the feeding areas 
of the institutions 
with their respective 
reference groups, see 
fig. 1 which also shows 
the average Cs-137 
surface contamination 
as of May, 1986. Note 
that two installations 
are located in Munich 
(Mlinchen) and that the 
reference group of 
South-East Bavaria has 
been monitored by the 
BGA Munich counter. 
In table 1, the main 
technical data of the 9 
monitors are summari
zed. They all use 

Detector Meas. 
Time 

d/h No. (min) 

Saar- a·~ 2 10 
land 4" 

Karls- 8"0 4 5 
ruhe 4" 

Frank- 8"~ 1 20 
furt 4" 

Mainz 5"0 12 5 
4" 

Berlin 5"0 4 20 
4" 

Duessel- 11.5" 1 10 
dorf 4" 

Juel ich 4:0 4 10 
2" 

Munich 5"0 4 20 
BGA 4" 

Munich 5"0 4 25 
GSF 4" 

Table 1; see text. 
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* Efficiency Background Detector 
Cs-134 Cs-137 Cs-134 Cs-137 Geometry 

(/min/Bq) (/min) 

0.3 0.5 100 150 scanning, 
variable 

f, speed 

0.63 244 412 fixed, 
stretcher 

0.294 0.334 53 124 fixed, 
tilted 
chair 

1.07 1.01 270 680 fixed, 
stretcher 

0.43 0.67 90 140 fixed, 
stretcher 

0.92 0.80 315 fixed, 
tilted 
chair 

0.12 0.14 100 200 fixed, 
stretcher 

0.30 0.34 70 100 fixed, 
stretcher 

0.190 0.202 123 210 fixed, 
stretcher 

* 70kg standard man 



sodium iodide detector(s), at least for the results reported in 
this study. 
The number of persons measured differs from installation to 
installation as well as from month to month but is normally bet
ween 10 and 20 for each reference group and month. 
Thanks to a 
program being 
started about 4 
years ago and 
still in pro
gress, all moni
tors have been 
subjected to 
calibration 
intercomparison 
runs and, if 
necessary, reca
librated. Thus, 
we may assume 
that the average 
deviations of 
mean specific 
radiocesium 
acivities due to 
differences in 
monitor cali
bration do not 
exceed 20%. 

Results: The re
sults of the 
counter meas
urements of the 
reference groups 
in the different 
areas and for 
the first 18 
months after the 
Chernobyl acci
dent are shown 
in figs. 2 
(males) and 3 
(females), re
spectively. 

Bodenkontlminltion mit Cs 137 
lm Moi 1986 (in 8qfm2) 

0- 6000 
6001 - 15000 

15001 25000 
25001 - 35000 
35001 - 45000 

Fig. 1: Map of the Federal Republic of Germany 
including the locations of the reference groups. 
The Cs-137 surface contamination as of May, 1986, 
is also shown. 

Owing to lack of space, only the sum of Cs-137 and Cs-134 is 
given. To make the diagrams readable and since the relation is 
nearly constant (2 : 1 to 3 : 1), we did not diffentiate graphic
ally between the values for both nuclides. 
From the activities measured, we calculated the dose equivalents 
(a) for the first year after the accident (i.e. from May, 1986, 
until April, 1987), (b) for the year 1986, and (c) for the year 
1987 (November and December estimated); see table 2. 
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1987 (November and December estimated); see table 2. 
The calculations were performed under the assumption that the 
monthly values for the Cs-137 and Cs-134 content measured in each 
reference group can be considered as being maintained, to a good 
approximation, at almost a constant level for such a relatively 
short period of time. 
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Discussion: Corresponding to the surface contamination (fig. 1), 
the incorporated activities are higher in the southern part of 
Germany, with a pronounced maximum in South-East Bavaria. 
As an important result, it should be noted that their is at least 
no further increase in radiocesiurn body burden since the mid-
1987; some institutions already report a decrease. 
Nevertheless, the retrograde "12 months' doses" are still on the 
increase for most of the year 
1987. Starting September, a 
light decrease is observed. 

Dose Equivalent (microSv/year) 

In general, the dose equiva
lents for 1987 are about twice 
those in 1986. However, the 
absolute dose equivalents for 
the majority of the population 
of the Federal Republic of 
Germany is well below 100 (50) 
microSv/year for males (fema
les) and therefore negligible 
in comparison with the value 
due to natural sources (about 
2000 microSv/year). This is 
valid even for South-East 
Bavaria. 

Acknowledgments: In particular 
during the first months follo
wing the Chernobyl accident, 
the counter installations were 
inundated with requests for 
measurement from the local 
population as well as with 
calls from both the government 
and the press. The authors 
would like to thank their 
respective staff members for 
their indefatigable coopera
tion. Special thanks are due 
to Dr. I. Gans for the pattern 
used for fig. 1. 
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(a) 
Area First year 

rna le _llfema le 

Saar- 27~ land 

Karls- 28 21 
ruhe 

Frank- 25 20 
furt 

Mainz 24 21 

Berlin 33 22 

Duessel- 20 11 
dorf 

Juelich 12 n.a. 

Munich 62 44 
BGA 

Munich 65 41 
GSF 

Bavaria- 230 150 
SE (BGA) 

Table 2: see text 

(b) (c) 
1986 1987 

male female male female 

15 12 34 21 

18 13 32 25 

13 11 37 27 

1 10 44 31 

1115 40 22 

11 6 24 15 

6 n.a. 19 n.a. 

35 26 75 48 

35 24 85 48 

130 90 260 160 

n.a.: not available 
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HANDLING OF RADIOACTIVE FALLOUT PROBLEMS AT CHERNOBYL ACCIDENT 
(1986) AS COMPARED WITH THAT OF BIKINI ACCIDENT (1954) 

Y, Nishiwaki, H, Kawai, H. Morishima, To Koga, T, Niwa, *Y, Sugimura 
Atomic Energy Research Institute of Kinki University, Higashi-Osaka 
City, Osaka, *Meteorological Research Institute, Tsukuba, JAPAN 

I BIKINI ACCIDENT (1954) 

We conducted an analysis in Japan of the highly radioactive fall-out on 
the Japanese fishing boat No.5 Fukuryu Maru that was engaged in fishing about 
150 km east of Bikini at the time of the thermonuclear test conducted early in 
the morning of 1 March 1954, and which returned to Japan in the middle of the 
same month, According to the statements of some of the crew, a few hours after 
the thermonuclear detonation in Bikini the whitish dust began to fall on the 
boat so heavily that for a period they could hardly bear to open their eyes and 
mouth, It continued to fall for several hours, Some of the crew apparently 
tasted it, to see what it was, without knowing that it was highly radioactive, 
Owing to the difficulty of dose estimation without more accurate information on 
the initial condition, the radioactive fall-out conditions on the boat were 
experimentally reproduced by M, Miyoshi, the chief physician in charge of 
treatment of the exposed crew at the Tokyo University Hospital,using pulverized 
coral reef, This experiment was carried out in the presence of the crew as 
witnesses of the actual amount of ash which had fallen on the boat, This amount 
was then estimated to be about 3.38-8,52 mg/cm2, The radioactivity of the ash 
was estimated by extrapolation to be about 1 Ci/g at the time it fell on the 
boat. Taking into consideration various possible exposure conditions of the 
crew during the voyage,the probable gamma dose was estimated to be in the range 
170-600 rads, The degree of uncertainty was far greater for the internal dose. 
The long-lived radionuclides detected in organs such as the liver many weeks 
later could not be considered the only sources of internal exposure. Depending 
on the assumed degree of initial incorporation of short-lived radionuclides, a 
wide range of estimates was possible: for the liver, a few rads to a few tens 
of thousands of rads, the probable dose range being 10-104 rads; and for bone 
and bone marrow, a few rads to about 60 rads. If we assume a non-uniformity 
factor of five for bone, the local dose could be five times higher,The thyroid 
dose was estimated to be about 10-103 rads. Radiation syndromes such as radio
dermatitis, epilation, decrease of leucocytes, decrease of spermatozoa, etc. 
were observed in the ex~osed.Some of the larger1 aggregates of the Bikini dusts 
collected from the fishing boat 'Fukuryu Maru' were found to have a size of 
about 0,1-0.5 mm. (0.3 mm in average). However these granules were found to 
consist of finer unit particles of the size 0.1-3 ~m with cubic or spindle 
shapes. Some of the fine particles of indefinite shapes were found to have a 
size less than 0.1 ~m on electron microscopic examination. From electron micro 
diffraction and X-ray diffraction studies,the Bikini dust was confirmed to have 
the crystal structure of calcite while the coral reef is aragonite, From these 
findings it may be inferred that the coral reef evaporated at the time of the 
H-bomb explosion and recrystallized in the air into calcite with the inclusion 
of radioactive nuclides produced by the explosion. Double-coil magnetic-lens 
type beta-ray spectrometer was used to identify some of the radionuclides. The 
beta-ray activity of the rare earth elements mixture was about 30-60% of the 
total beta-activity of the original Bikini ash while that of uranium 237amounted 
to as much as 10-20% at the end of March 1954. This suggests the existence of 
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a large amount of uranium 238 in the March 1st bomb, if we assume uranium 237 
were produced by (n-2n) reaction from uranium 238. The unexpectedly large 
amount of radioactivity release by Bikini test was officially announced by 
USAEC on January 15, 1955. 

II CHERNOBYL ACCIDENT (1986) 

The accident of Chernobyl Unit 4 took place on April 26, 1986. The Soviet 
experts calculated that the first power peak reached 100 times the nominal 
power within 4 seconds. Energy released in the fuel from the power excursion 
(>300 cal/g) suddenly disrupted part of the fuel into minute pieces. This 
disruption mechanism is known from experiments in safety research programmes. 
Small hot fuel particles may have caused a steam explosion. The energy 
release shifted the 1000 ton reactor cover plate and cut all cooling channels 
on both sides of the reactor cover. After 2 to 3 seconds a second explosion 
was heard and hot pieces of the reactor were ejected from the destroyed 
reactor building. It may be assumed that steam-zirconium and other exothermic 
reactions occur. Hydrogen and CO is produced and may explode. The destruc
tion of the reactor allowed the ingress of air which led subsequently to 
graphite burning. Destruction of the Chernobyl containment and core structures 
led to release of radioactivity from the plant. The USSR experts estimated 
100% of the noble gas radionuclides escaped the plant. Of the remaining, 
condensible, radionuclides the release amounted to about 5xl07 curies or about 
3-4% of the core inventory of radioactivity. This release was composed of 
about 10-20% of the Cs, I and Te inventories and about 3-6% of the inventories 
of other radionuclides. 

The release of radionuclides from the Chernobyl plant did not occur as a 
single acute event. Rather, there was initial, intense release associated with 
the destructive events in the accident. Release rates decreased over the next 
few days probably as a result of accident management activities undertaken. 
Release rates were about 2xlo6 Ci/day five days after the accident lnitiation. 
At that point, the release rates began to increase and reached 8xlO Ci/day 
about nine days after the accident initiation. When U02 is further oxydized 
to U308, most of the fission products contained in U02 may be released. There 
was, then, a drop in the radionuclide release to 103 Ci/day. Release rates 
have continued to decline since that time. Radioactive releases corrected to 
6 May and have an uncertainty range of + 50%. In case of a nuclear bomb 
explosion, all the radioactive materials are instantaneously released to the 
environment. In case of Chernobyl Accident, volatile radionuclides such as I 
and Cs were more predominant. 

On 3-4 May 1986, the radioactivity included in the surface air was observed 
to increase suddenly at the central part of Japan. The radioactivity detected 
in different parts of Japan was as follows: 1-131, Te-132, Ru-103, Rh-106, 
Cs-134, Cs-137, Ba-140, La-140, Mo-99, Tc-99m. The radioactivity ratio 
Cs-137/Cs-134 observed in the dust and rainwater sampled by Morishima, et al. 
at Kinki University, Osaka, Japan, was about 2.0+0.2 during the period 4-11 
May, in good agreement with the ratio 2.0+0.3 reported by Aoyama, et al. The 
air concentration of 1-131 was observed to reach about 90 mBq/m3 on 9 May at 
Kinki University, Osaka, and the percentage of 1-131 was estimated to be over 
50% of the total beta activity on 10 May. Kr-85 was estimated by cryogenic 
separation from air samples collected in an iron cylinder followed by gas 
chromatographic purification at the Geochemical Laboratory of Meteorological 
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Research Institute. Before Chernobyl Accident, Kr-85 was 0.9Bq/m3, but 
increased to 1.04 Bqjm3 on May 6, falling steadily to the normal. There is a 
possibility that a small fraction of Chernobyl radioactivity went up to the 
stratosphere, but this fraction would be very small as compared with that of 
Bikini H-bomb test. Because of the large explosion power of H-bomb, the 
global fallout of Bikini Accident was larger, but the local and regional 
fallout of Chernobyl Accident would be more significant. 

III RADIOACTIVE FALLOUT PROBLEMS AND INTERVENTION LEVELS 

According to the USSR-Report, the released radioactivity of Cs-137 at the 
Chernobyl Accident (1986) is about one megacurie (+ 50%). The fraction of 
Cs-137 released is estimated to be about 13% of core inventory. The released 
radioactivity of Cs-137 at the Bikini Accident (1954) may be estimated to be 
about the same order of magnitude. Assuming 15 megaton TNT equivalent with 
fission and fusion energy about 50;50 and assuming U-238 fission spectrum the 
total Cs-137 released at the time of explosion is also estimated about one MCi. 
However, the local (30 km) close-in fallout of Cs-137 is estimated about 100-
1000 times higher with the Chernobyl Accident and the fallout of Cs-137 in an 
area equivalent to Central Europe region is about 20 times higher with the 
Chernobyl Accident. 

The fraction of radionuclides of refractory elements was more predominant 
in the thermonuclear test conducted at Bikini on March 1, 1954. The fission 
yield of Cs-134 is much lower than that of Cs-137, and it may be difficult to 
identify this nuclide in the fallout due to nuclear weapons test. However, 
fission yield of Cs-133 is much larger, and Cs-134 is produced by neutron 
capture of Cs-133 in the nuclear reactor. In case of Chernobyl accident, 
Cs-134/Cs-137 was about 0.5 which corresponds to the burnout of about 10,000 
Mwd/t of nuclear fuel. A large number of highly contaminated tuna fish 
brought back by the fishing boat showered by strongly radioactive fallout of 
Bikini test were distributed in the market. Sometime later, milk and vege
tables were also contaminated by the fallout all over Japan. A confusion was 
created about the handling of these radioactive fallout problems in Japan in 
1954. The situation encountered in Japan very much resembles that in Europe 
after Chernobyl accident in 1986. The intervention level of foodstuffs was 
one of the most important items of discussion. The intervention level under 
initial emergency condition and that under more or less stabilized chronic 
situation should be distinguished. In the latter case we may have more time 
to discuss the matter. However, in the first case, it is not known at the 
beginning whether the contamination may increase or not, and the extent of 
increase of external dose and that of inhalation dose, etc. are all fuzzy. 
Under such circumstances the derived intervention level based on maximum 
permissible dose or body burden may not be used to the full. Whether we take 
1/5, l/10 or l/100 is up to the subjective judgement based on intuitive opti
mization of the decision maker. This constitutes a most difficult case of 
optimization under fuzzy environment and decision making with fuzzy information. 
ICRP optimization technique may not be applicable in such cased. When non- or 
less-contaminated alternative foodstuffs are abundantly available, one may 
take very strict measures and very low intervention levels to compensate exter
nal and inhalation dose. On the other hand, when all available foodstuffs are 
contaminated, one may be obliged to take, at least temporarily, a highly 
intervention level for survival under emergency condition. 
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The first contaminated tuna fish which were brought back to Japan by No.5 
Fukuryu Maru in the middle of March 1954 were found to be emitting much 
stronger radiation from the surface (0.1-1.0 ~Ci/cm2) than from the inside,and 
the government set the tentative discarding level of radioactive contaminated 
fish at 100 cpm as measured at 10 em from the wet surface with the beta-ray 
counter with 3.5 mg/cm2 mica window plus 2.5 mg/cm2 plastic cover to protect 
the counter window. The natural counts of this counter were about 30 cpm. 
Geometry of this counting condition was estimated to be l/400 and the beta-ray 
absorption by mica window and plastic cover and water and scale on the surface 
of the fish about 2.5. The overall efficiency of beta-counting may be estima
ted about 1/1000. Since the first contaminated fish had very strong radio
activity on the surface, the above emergency intervention level was adopted 
tentatively to screen the high surface-contaminated fish. The fish caught 
later had much weaker radioactivity mostly inside and much lower intervention 
levels based on the then ICRP recommended action for respective radionuclide 
identified in the fish. The tuna fish is an expensive fish and a balance 
between the risk due to economic loss, the risk due to consumption of contami
nated food, the pressure of public opinion, the psychological and political 
effects, the effects on international relation and international trade, etc. 
may have to be considered in setting an intervention level. If the contami
nated food constitutes a significant fraction of staple food of the people, 
nutritional problem must be considered. A simple cost-benefit analysis may 
create a confusion and socio-political problems. According to an USSR expert 
(1987), the initial emergency intervention level at Chernobyl (1986) was 5 rem 
for external and 5 rem for internal irradiation, but later the level was 
reduced to a lower level. When no alternate food is available, one must assume 
a higher level under emergency condition. Through these two accidents the 
necessity of internationalization of radiation protection and nuclear safety 
was strongly felt. 

References: Y. Nishiwaki,"Studies on the radioactive contamination due to 
nuclear detonations" I-VI, 1954-1961, Kinki Univ. Press, Osaka, Japan;"Global 
contamination due to radioactive fallout", Progress in Nuclear Energy, Series 
XII, Health Physics, Vol.II, Pergamon Press, 1969; M. Morishima, H. Kawai, M. 
Aoyama, Y. Sugimura, et al, private communications 1986; USSR Report on 
Chernobyl Accident, 1986; Y. Nishiwaki, et al. Optimization of radiation 
Protection and the Possible Application of Fuzzy Set Theory,IAEA-SM-285/36,1986. 
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Beta-spectrum of Radioactive Ash 
(March 19-20, 1954) 

Beta-ray spectrum of the original Bikini Ash prior to chemical analysis March 
1954. Double-Coil Magnetic-Lens type beta-ray spectrometer was used. 
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FOLLOW UP MEASUREMENTS OF 131 I THYROID ACTIVITY IN 54 GERMAN 
CHILDREN AFTER THE CHERNOBYL ACCIDENT 

Ch. Hansen, P. Roth, E. Werner 
Ges. flir Strahlen- und Umweltforschung, Frankfurt am Main 

F. Kollmann, L. Hahnle, B. Stover 
Zentrum der Kinderheilkunde der J. W. Goethe-Universitat 

Frankfurt am Main, F.R. Germany 

INTRODUCTION 

In the first days after the Chernobyl accident the uptake of 
131I was a primary matter of concern with respect to the internal 
radiation exposure. In the body, nearly all iodine is stored in 
the thyroid. Especially in children the incorporation of radio
isotopes of iodine may result in high organ doses, because of the 
small thyroid masses. 

The thyroid dose can only roughly be estimated from a single 
measurement of the thyroid activity or from the activity in the 
air or in foodstuffs. The accurate calculation of the dose, how
I¥Ir, requires follow up measurements of the time course of the 

I activity during the whole period of incorporation. In order 
to get detailed information on the radiation dose to the thyroid 
in Germany after the Chernobyl accident, the time course of 131I 
activity was measured in 54 children during May and June 1986 
and the individual organ doses were calculated. 

SUBJECTS AND METHODS 

In 53 healthy children (29 boys, 24 girls; age: 1 - 16 
years) and in an eight years old girl with a hyperfunction of the 
thyroid gland, the time course of the 131I activity in the thyro
id was followed by up to 6 measurements performed in May and June 
1986. The counting time ranged between 1 and 5 minutes. A 3" by 
3" Nai(Tl)-crystal in a lead shielding was applied as thyroid mo
nitor. The distance between the crystal and the neck surface is 
fixed by an adjustment device to 12.5 em. A multichannel pulse 
height analyzer was applied for the spectrum collection. The 
count rate in the energy window from 0.31 to 0.41 MeV was used 
as a measure of 131I activity. The transformation of the obtained 
count rates into activity requires a careful calibration of the 
system with several thyroid phantoms (1). These measurements 
showed that the volume of the thyroid has only little influence 
on the counting efficiency, but there is a strong dependence of 
the measured count rate on the distance from the detector to the 
thyroid. The calibration factor which was used to calculate the 
131I activity in the thyroid of children corresponds to a thick
ness of the tissue over the thyroid of 10 mm (2). After the decay 
of 131I the individual background count rates were measured. Net 
count rates were converted into thyroid activities AT and indi
vidual retention functions AT(t) were evaluated to calculate the 
cumulated activity AT in the thyroid: 
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It w~s assumed that the earliest uptake of 
131

I in the131 thyroid was on the 3rd of May, because no or only very low I 
activity was measured in four adults on the 2nd of May 1986 (1). 
The thyroid dose DT is calculated from 

DT 
AT 

EB a(mT,E) 'E + b(mT,E) Ey + 
mT X 

with: mT: mass of the thyroid 

EB: mean emitted energy of B-particles per decay 

'E : mean emitted energy of x-rays per decay 
X 

Ey: mean emitted energy of gammarays per decay 

a,b: absorbed fractions of photon energy 

Absorbed fractions of the photon energy were determined from 
values published in MIRD-Pamphlet No 8 (3). In 31 children the 
thyroid volumes were determined sonographically, for all other 
children the values were interpolated corresponding to their age. 

THYROID ACTIVITY THYROID ACTIVITY 
500 500 A I Bq A I Bq 

.. ... a) b) ... ... ... 
200 200 

100 100 

50 50 

20 20 

10 I 10 I I I I I I I I I I I I 3~ 7 13 19 25 31 7 13 19 25 

MAY 1986 MAY 1986 

Figure 1: Time courses of 131I thyroid activity in an 11 years 
old boy (a) and in a 5 years old girl (b) 
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RESULTS AND DISCUSSION 

As examples, the figure 1 shows the time courses of 131 I 
thyroid activity of an 11 years old boy and of a five years old 
girl. For the calculation of the cumulated activity this time 
course could mostly be described as a monoexponential function. 
In those cases where no monoexponential decrease was observed, ~T 
was determined by linear interpolation of the activity values. 
Since in the Rhein-Main-region it was not raining before May, 5th, 
most of the radioactive iodine was inhaled during the first days 
in May. But part of the 131I must have been ingested, because the 
half life of the monoexponential decrease of the activity was 
higher than the physical half life time of 131I. 

The sonographically determined thyroid volumes ranged bet
ween 2 and 21 ml. Values of the calculated doses are given in 
figure 2. Radiation doses to the thyroid were between 0.3 and 2.1 
mSv. According to the age dependent thyroid volumes, a decrease 

2.5 THYROID DOSE 
D/mSv 

2.0 

1.5 
lol . 
,~, ,., 

1.0 . . 
COl 

0.5 1•1 

• ,., 

0 5 10 
AGE I YEARS 

15 

Figure 2: Thyroid doses in 54 German children 
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of the thyroid dose with increasing age was observed. The girl 
with the hyperfunction of the thyroid showed no deviation in 
thyroid activity and dose from the other children of comparable 
age. 

These values are representative for nearly all parts of 
Germany except Southern Bavaria. For that region higher values 
have been reported (4). Thyroid doses can be assumed to increase 
to the south east corner of Germany (Berchtesgaden) , corresponding 
to the higher fallout and washout. Nevertheless these data show 
that even about 1500 km from the site of the accident significant 
thyroid doses due to radioactive iodine were observed. 
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ENVIRONMENTAL ACTIVITY LEVELS MEASURED AT THE NIJMEGEN UNIVERSITY 
AFTER THE CHERNOBYL ACCIDENT 

by Lucas B. Beentjes and John H. Duijsings 
University of Nijmegen 

The Netherlands 

As a consequence of the Chernobyl nuclear reactor accident on 
April 26, 1986 large areas of Europe became contaminated with 
fission products. Since then many measuring programs have been 
started in order to determine the radionuclides and the activity 
levels in air, water, soil and vegetables. They served to determine 
which countermeasures had to be taken to keep the dose equivalent 
to the public as low as reasonably achievable. At the University 
of Nijmegen rainwater was collected during the first three weeks 
of May 1986 and the samples were measured with a Germanium 
detector coupled to a 4096-channel MCA. From quantitative analysis 
of the y-spectra thus obtained and the amount of rainwater, we 
reported 55 GBq as the total activity precipitated per square 
kilometer in the Nijmegen area (Be87) . People all over Europe 
were very concerned about the radiation risk when consuming 
contaminated foodstuffs. This caused us to measure a variety of 
samples we obtained from different countries. 
Table 1 shows measured activity levels in such samples. 

Sample 

Mushrooms (The Netherlands) 
a) Paxillus involutus (Sept. 1986) 
b) Chantarelles (Oct. 1986) 
Cherries (Greece, Aug. 1986) 
Hay (Serfaus, Austria, July 1986) 

~~A~c~tivity (Bq.kg- 1 ) 
134Cs 137Cs Total 

110 
80 

190 
1400 

240 
220 
410 

2800 

350 
300 
600 

4200 

No detectable activity was found in samples of milk (Krakow, Poland, 
June 1986), drinking water (Krakow, Poland, June 1986 and 
Leningrad, USSR, Sept. 1986), peaches (Nijmegen, The Netherlands, 
Sept. 1986) and several other fruits picked in the autumn of 1986 
in The Netherlands. 

Particular attention was given to the air inlet filters of 
large air conditioning systems. Because of the enormous flow rates 
of air of such systems the total accumulated activity in these 
filters could reach considerable values. Table 2 presents the 
measured activities per radionuclide of a representative sample 
from an air inlet filter from one of the buildings of the University 
of Nijmegen. This sample was taken on May·16, 1986, at which time 
the total filter was due to be changed. 
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Table 2. Measured activities in an air inlet filter at the 
University of Nijmegen after the Chernobyl accident. 

Nuclide Specific Activity -1 (kBq.kg ) 
16 May, 1986 

95Zr/95Nb 50 
103Ru 56 
106Ru/106Rh 360 
129~e/129Te 1000 
131I 730 
132Te/132I 300 
134Cs 350 
137 Cs 630 
140Ba/140La 800 
141Ce 50 
144Ce 50 

Total 4880 

The adsorption coefficient for atmospheric dust for this type of 
filter is 0.35 and the total voluMe of air which passed through 
this section of the filter from May 2 until May 6 amounted to 
1.6 *106m3 • However, care must be taken in calculating the air 
activity concentration of the different radionuclides from the 
values given in table 2, since the adsorbed quantities may not 
be indicative of the concentration, for instance in the case of 
iodine. ~'lorried technicians who had to change these filters were 
reassured by monitoring during the exchange. They were advised 
to wear dust masks to prevent internal contamination by inhalation. 
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COMPARATIVE EVALUATION OF INCORPORATED ACTIVITY BY FOUR DIFFERENT 
WHOLE BODY COUNTERS 

E. Werner'', Ch. Hansen••, P. Roth 1 ', A. Andrasi~'. E. Beleznay2 ), 

F. Steger~•, E. Lovranovich~', R. Hochmann•• 

ll Ges. fur Strahlen- und Umweltforschung, lnst. fur Biophysik. 
Strahlenforschung, Frankfurt/FR Germany; 2) Central Research 
Institute for Physics, Budapest/Hungary; 3> osterr. Forschungs
zentrum Seibersdorf/Austria; 4) IAEA Wien/Austria 

INTRODUCTION 

The assessment of internal radiation exposure requires the 
determination of the activity of incorporated radioactive 
substances and the knowledge of their biokinetic behaviour. If 
possible, the total body activity should be determined by direct 
measurements applying whole body or partial body counting. 
Thereby, serious problems can arise from differences in body size 
and shape, as well as from variations in the distribution of 
radioactivity within the subject. To overcome these problems, 
careful calibration of whole body counters is necessary. Long
term reproducibility of the calibration may be achieved by 
regular measurements of phantoms or activity sources in standard 
position. The accuracy of determinations of activity can only be 
realized by intercomparisons with the results obtained with other 
such devices. Several intercomparisons among whole body counters 
11-4> showed that improper calibration may result in errors of 
estimated body activities of up to a factor of two or even more. 
With respect to the variations in the fall out of fission 
products from the Chernobyl accident, consistency of total body 
measurements throughout Europe for the estimation of the conse
quences due to ingestion of radioisotopes is required. The 
present study was aimed to compare the results obtained by four 
different whole body counters in Budapest/Hungary, Seibers
dorf/Austria, and Frankfurt/Germany. 

INSTRUMENTS 

The whole body counter of the Central Research Institute for 
Physics, Budapest, is housed in a steel chamber with inner lead 
and copper lining. The routinely applied measuring arrangement is 
a modified single detector 16" x 4" Nai <Tl )-crystal> scanning
end-stop geometry with a scan length of 126 em 15). The measured 
spectra are transferred to a PDP 11/34 computer and evaluated by 
least square fitting procedure using a preselectable set of 
calibration spectra stored in the spectrum library. For calibrat
ion, a BOMAB type standard phantom was used assuming uniform 
activity distribution. The measuring time applied for the persons 
of this intercomparison was 1294 seconds. The expected overall 
uncertainty for the determinations of the whole body activities 
of •a4 Cs, •~7Cs, and 4 °K is estimated as less than 11%. 
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The whole body counter operated by the Ges. fur Strahlen
und Umweltforschung, Inst. fur Biophysikalische Strahlenfor
schung, Frankfurt am Main, is housed in a basement with concrete 
walls of 2 metres thickness. The device is installed in a steel 
chamber <16 em wall thickness>. It applies the tilted chair 
geometry with a single 8" x 4" Nai<Tl>-detector, equipped with 
four 3"-photomultipliers. Gamma ray spectra are collected on a 
0.5 K multichannel analyzer <5>. Calibration of the counter for 
the measurement of 1 ~4Cs, 1 ~7Cs, and 4 °K was performed using 
plastic bottles of 1 1 and 2 1 volumes, by which different body 
weights <between 10 kg and 100 kg> as well as different body 
shapes could be simulated. For this study, the subjects were 
measured for 20 minutes. The expected overall uncertainty for the 
determination of total body activities of 1 3 4 Cs, 1 ~ 7Cs, and 4 °K 
was estimated to be less than lOX. 

The body counter at the Austrian Research Center Seibers
dorf, Institute for Radiation Protection, employs a shadow shield 
tilted chair geometry. The outer shield consists of low activity 
30 em thick concrete walls lined by 1 em steelplates. 4 Nai<Tl>
detectors are used. The backside of the chair is shielded by 5 em 
of lead with copper lining and two detectors are integrated in 
the backside. The other two detectors mounted in front of the 
subject are also shielded with lead of 2-4cm thickness with 
copper lining. Thus, minimum detectable activities (3u of 
background and lOOX yield) for 1000 s measuring time are in the 
order of 100 Bq. Calibration of the counter was performed with a 
selfmade bottle-phantom <PTE-standard-solution with 7 radionu
clides> by which different body weights and sizes could be 
simulated. Additionally, a high purity Germanium detector of 30X 
relative counting efficiency is installed in the same device for 
measurements with high energy resolution. The measured spectra 
are transferred to a PDP 11/34 computer and evaluated by a 
modified SAMP0-80 programme. The expected uncertainty for Caesium 
and Potassium is estimated as less than lOX <without statistical 
error>. 

The whole body counter at the laboratories of the Interna
tional Atomic Energy Agency, Forschungszentrum Seibersdorf, is 
housed in a 249x188x233 em (lengthxwidthxheight> steel chamber. 
The shielding is composed of 19 em mill steel and 3 mm virgin 
lead. Also various counting methods and geometries are available. 
Only the tilting chair geometry is used for routine measurements. 
The measuring arrangement consists of a single 8" x 4" Nai<Tl>
detector with 3 photomultipliers, 1 K multichannel analyzer 
<Canberra S 35 plus>, and for controlling and calculation a 
commodore 4032 computer. The measuring time for gamma ray 
counting is 600 seconds. The expected uncertainty without 
statistical error for the determinations of the whole body 
activities of ••7 Cs and 4 °K is estimated as less than 6X. The 
detection limit for 1 B 7 Cs is about 40 Bq. 

SUBJECTS 

The intercomparison measurements were performed on 8 healthy 
adult subjects (3 females, 5 males>. Their body weights ranged 
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from 55 kg to 94 kg. Since the activities of the cesium isotopes 
varied slightly during the investigation period in spring 1987, 
all measurements for a particular person were carried out within 
one week. Only one subject <S.F.) underwent two courses of 
measurements, the first of which comparing the results as 
determined in Seibersdorf with those of Budapest and the second 
comparing Seibersdorf with Frankfurt. Subjects were measured at 
their home whole body counters immediately before and after the 
visit to all the other laboratories and the means of these two 
measurements were used as reference values. 

Table 1: Total body activities of 134Cs, 137Cs, and -"'K as 
measured with the whole body counters in Budapest 
<KFKI>, Seibersdorf <FZS and IAEA>. and Frankfurt 
<GSFl 1n 8 healthy adult subjects.· 

Subject Nuclide Frankfurt Budapest Seibersdorf Seibersdorf 

H.Ch. 1
'"

7 Cs 
f, 55 kg 'c'"•Cs 

"-'·">K 

R.P ''"
7 Cs 

m, 93kg '""'•Cs 
"<·OK 

R.V. '·""
7 Cs 

f, 63kg 1· ~:J..:+Cs 

<o·<:>K 

W.E. 1
·'"

7 Cs 
m, 84kg '·"'''""Cs 

"'·"'K 

A.A. 1 "'7Cs 
m, 71kg 1

"'
4 Cs 

.t-4-c:)K 

B.E. '· "'·"'cs 
f, 68kg 1

"'
4 Cs 

'"·OK 

F. I. ·1 '"""Cs 
m, 94kg '·"''

4 Cs 
"'·">K 

S.F. 1
·'"

7 Cs 
m, 80kg 1·"''"'"Cs 

Lt-c:::-1< 

>.:r.•··"'cs 
1.C .. "<·Cs 

.t".oK 

KFKI FZS 
<Bql <Bql 

480 600 
187 280 

3224 3036 

734 740 
286 310 

6385 4883 

466 520 
182 260 

4038 2441 

1005 1070 
392 490 

5321 4100 

1849 1830 
660 723 

4538 4539 

852 740 
305 286 

3318 2817 

1186 930 
424 374 

4570 4696 

3432 3310 
1338 1290 
4132 3787 

3800 
1540 
3975 
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IAEA 
<Bql 

442 

2817 

887 

6291 

479 

2911 

1096 

5603 

1626 

3913 

712 

2661 

1177 

5133 

3646 

5133 

3752 

4194 

GSF 
<Bq> 

547 
204 

3020 

762 
304 

5930 

503 
178 

3285 

1073 
420 

5005 

1786 
591 

4223 

866 
259 

3051 

1182 
375 

4132 

3742 
1276 
3963 



RESULTS 

The data obtained from the four whole body monitor laborato
ries are summarized in table 1. Since the calibration for • 3~Cs 

had not been completed for the instrument operated by the IAEA, 
no body activities of that radionuclide could be evaluated for 
this place. In general, the results obtained show a good agree
ment. For the radionuclide 1 ~7Cs, there are no systematic 
deviations between any two of the four laboratories. Although 
particular measurements even on the same day show differences of 
activity determination of up to about 25%, the sums of •s~cs
activities of all measurements coincide within 5%. Since in the 
calculation of aa 7 Cs body activity the 134Cs contribution in the 
photopeak region of 187Cs has to be considered but not vice 
versa, even better agreement could be expected for the evaluation 
of 1 ~4Cs activities. Actually, the observed deviations are 
greater for 1 ~4Cs than for 187Cs. This may be due to the poorer 
statistics and the different evaluation methods applied. Similar 
differences of up to 15% are also seen for the mean values of 
potassium ( '•°K). 

CONCLUSIONS 

The mean values of all three isotopes show no systematic de
viations between the four laboratories, whereas for a particular 
person the differences may exceed those that could be expected 
from counting statistics. This intercomparison again demonstrates 
that in whole body counting systematic errors in reproducibility 
of subject and detector positioning together with the evaluation 
technique applied are predominating. During the preceeding years 
separate comparative measurements have been carried out in Eas
tern Europe including Budapest (4) as well as in Western Europe 
including Frankfurt and Seibersdorf <1,3). The data presented 
here close the gap between both parts of Europe, showing that 
there are no systematic deviations in the assessment of total 
body activity by direct measurements applying whole body counting. 
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SELECTION OF SUITABLE LIQUIDS AND SOLIDS FOR 

A PHANTOM FOR INTERNAL DOSIMETRY MEASUREMENTS 

Bente Lauridsen and Per Hedemann Jensen 

Ris0 National Laboratory DK-4000 Roskilde, Denmark 

1. INTRODUCTION 

The absorbed dose to various body organs from internally deposited 
radionuclides has two components, the ~-/y-dose from activity 
deposited in the organ itself and the y-doses from activity 
deposited in all the neighbouring organs. Average dose equivalents 
in different target organs per transformation in a source organ 
can be determined either by Monte Carlo photon transport calcu
lations or by point kernel calculations. Limitations of the 
computational methods as well as of the mathematical model of the 
human body call for experimental validation of internal dose 
calculations. Uncertainties of physical data such as tissue 
compositions may be of minor importance compared to the overall 
uncertainty but need to be experimentally demonstrated. 

2. TISSUE EQUIVALENT MATERIALS 

For internal dose measurements in phantoms, the phantom material 
and the tissue it simulates should have identical responses to 
both photons and electrons. Therefore, the photon mass-attenuation 
and mass-energy absorption coefficients, ~/p and ~en/p, as well 
as the electron mass-stopping power, S/p, should all be identical 
for the two materials over a wide energy range [ 1]. As equal 
volumes of the two materials should have the same mass, the mass 
density, p, should also be identical. 

New tissue substitutes for 9 tissues have been evaluated, both 
theoretically and exJ:)er imentally [ 1 ] • One of these substitutes, 
"total soft tissue", is close to the composition of the total soft 
tissue given by the ICRP [2]. The mass density is 1.03 g/ml and 
the composition in per cent by weight is: H(10.49%), C(23.33%), N 
( 2 • 58% ) , 0 ( 6 2 . 8 0% ) , N a ( 0 • 11 % ) , Mg ( 0 . 0 1% ) , P ( 0 . 1 3% ) , S ( 0 . 2 0% ) , C 1 
(0.13%), K(0.20%), Ca(0.02%). The ratios of ~/p, ~en/P and S/p 
for the substitute to those of real tissue are equal to 1 in the 
energy range of 0.01-100 MeV, and the tissue is recommended as a 
sui table phantom 1 iquid in which the organs could be submerged. 
Consequently, the "total soft tissue" liquid was used in these 
experiments. 

Because of the low density of a human lung '(0.25-0.30 g/ml in the 
median respiratory state) a liquid cannot be used as lung substi
tute. For these experiments, a preliminary substitute was prepared 
from two different types of porous granules, VERMICULITE and 
LECA, both produced from geological minerals. The grain sizes 
ranged from 0.3-3 mm and their mass densities were measured to be 
0.10 and 0.40 g/ml, respectively. The two materials were mixed in 
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an approximately equal volume ratio giving a mass density of 0.26 
g/ml. Unfortunately, the content of H, c, and N is negligible: a 
chemical analysis gave the following elemental composition: H 
(0.3%), 0(46.7%), Na(0.68%), Mg(4.4%), Al(10.1%), Si(25.0%), K 
(2.9%), Ca(0.72%), Ti(0.54%), Fe(5.8%). The effective atomic 
number z has been calculated as 13.8, which is a factor of 2 
higher than for both soft tissue and air. 

In the energy range of 0.1-2.0 MeV the ratio of ~/p, ~en/P and 
S/p for the lung tissue substitute to those of soft tissue were 
calculated to be 1.10, 1.12 and 1.20, respectively. As the elemen
tal com:t?osition of lung tissue + blood + air is similar. to soft 
tissue L2], the absorption and scattering properties of the lung 
tissue substitute for photons and electrons are rather poor com
pared to real lung tissue, especially for the electrons. 

3. EXPERIMENTAL WORK 

An experimental programme for determining the radiation doses 
absorbed in target organs from radionuclides deposited in differ
ent source organs will be carried out with a newly constructed 
phantom [3]. To determine the importance of tissue substitute 
compositions in the phantom, experiments with both y- and ~-emit
ting nuclides have been made. 

The y-dose rates were measured in cylindrical "organs" submerged 
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Figure 1. Measured y-dose rates and the experimental setup. 
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in three different "body" liquids, namely alcohol, water, and the 
tissue equivalent liquid. An aquarium of dimensions 80 em x 30 em 
x 20 em contained the 1 iquid and represented a body. Two water 
filled cylinders with 10 em diameter and 13 em height represened 
a source and a target organ. The target cylinder was supplied with 
13 vertically mounted tubes containing a total of 39 LiF TLD-700 
dose meters. The centerline distance between the target and source 
could be varied from 10 to 50 em. The target organ dose rates 
were represented by the average value of the readings from the 39 
target dose meters. 

Three different nuclides, 6°co, l3'+cs, and 203Hg, representing a 
photon energy range from 279 keV to 1332 keV were successively dis
solved in the water in the source cylinder. The activities of 
the nuclides were chosen so that the dose rate was approximately 
100 ~Gy/h at a source-target distance of 50 em. 

Figure 1 shows the results of the target dose rate measurements 
and the experimental set-up. As can be seen, the results for 
alcohol differ considerably, up to 80%, from those of the water 
and tissue for all three nuclides. At large source-target dis
tances (50 em) the difference between the target dose rate in 
water and in "total soft tissue" is 9% for 60co, 17% for l 34Cs, 
and 10% for 203Hg. 

Pure ~-emitters 32P (E~max = 1.71 MeV), 204 Tl (E~max = 0.763 MeV), 
and 3 S (E~max = 0.167 MeV) were successively dissolved in water, 
the soft tissue equivalent liquid, and the lung tissue granule. 
The lung granule was soaked with water containing the nuclide, 
and after drying the absorbed activity was distributed homogene
ously in the granule. 

The ~-dose rates were measured in cubic "organs". Glass bowls of 
dimensions 12 em x 10 em x 8 em were filled with the three organ 
materials. TL dose meters were placed in a special holder and 
covered with mylar foil of 0.8 mgjcm 2 thickness to avoid contami
nation of the dose meters. MgB407:Dy dose meters in which 3% gra
phite was imbedded were used, representing a nearly infinite thin 
dose meter, so that correction for attenuation in the dose meter 
was necessary only for 3 5s [ 4]. The correction factor was 1. 7. 
A correction for attenuation of ~-particles in the mylar foil was 
also made for 35s. 

Dose rate (mGy /h • l) 
Nuclide 

Water Tissue Lung 

35g 27.13 24.21 146.71 
204-Tl 16.52 14.92 79.28 
35p 19.02 18.02 116.32 

Figure 2. Measured ~-dose rates and the experimental setup. 
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Figure 2 shows the result of the measurements ~nd of the exper
imental set-up. The dose rate ratio Dtissue/Dwater normalised 
to source volume varied between 0.89 and 0.94, and the dose rate 
ratio Dlung/Dwater between 4.8 and 6.1. 

4. DISCUSSION AND CONCLUSION 

With 1 liter target and source "organs" submerged in a 50-liter 
"body" containing different liquids .as substitutes for soft body 
tissue, y-dose rate ratios 01 iquid/Dwater were measured at dif
ferent source-target distances up to 50 em. For the total soft 
tissue equivalent liquid this ratio was measured at the largest 
distance to 0.91 (0.88) for 2° 3Hg, 0.85 (0.93) for 13 4cs and 0.92 
(0.95) for 6°co, respectively. For alcohol the ratio varied from 
1.2 to 1.6. The figures in parentheses are the corresponding 
ratios calculated by the point kernel method. The measurements 
were carried out in two identical arrangements, and the differ
ence between the two sets of results were in all situations less 
than 3%. Based on these measurements, it is concluded that for 
y-radiation water is a rather good substitute for soft tissue, 
and that internal y-doses for a given source-target geometry can 
be measured with an uncertainty less than 10% compared to a more 
correct soft tissue composition. 

A homogeneously distributed ~-emitting nuclide in a source organ 
will result in a ~-dose rate to all the organ tissue that is pro
portional to the volume concentration (Bq/1) divided by the organ 
mass density if edging effects are neglected and the organ dimen
sions are greater than the ~-particle range in the organ material. 
The ~-dose rate ratio for two organs with the same nuclide concen
tration but with different densities will accordingly be equal to 
the reciprocal ma~s density ratio. The ~-dose rate ratios Dtissue/ 
Dwater and Dlung/Dwater were measured within 1-liter source or
gans containing soft tissue liquid, lung tissue granule and water 
to be 0.89 (0.93) and 5.4 (3.8) for "3ss, 0.91 (0.93) and 4.8 
(3.8) for 204Tl and 0.94 (0.93) and 6.1 (3.8) for 32p, respect
ively. The figures in parentheses are the reciprocal mass density 
ratios. The measurements were repeated several times with small 
scattering between the results. The mass density for the soft tissue 
liquid was measured to be 1. 08 g/ml, i.e. greater than the theoreti
cal value of 1 .03 g/ml, apparently due to an unnoticed evapor
ation loss of alcohol from the liquid during earlier measurements. 
It is concluded that water is also a good substitute for different 
tissue equivalent liquids for measurement of internal ~-doses, 
and that mass density is the decisive parameter for the absorbed 
~-dose. The measurements on the lung granule show that factors 
other than the mass density may influence the absorbed ~-dose. 
Further measurements on other granule materials with a more 
realistic elemental composition are required to determine these 
factors. 
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Monitoring For Internal Contamination in the WAK-Reprocessing Plant 
W.Kraut, H.-P. Wichmann, H.O. Willax 

(Wiederaufarbeitungsanlage Karlsruhe, Betriebsgesellschaft mbH) 

By choosing suitable dosemeters individual monitoring of external radia
tion causes no problems. The risk of exposure due to internal radiation, 
however, seems to us by far more difficult to control, especially in the 
case of unexpected events. 
Besides the general guideline of keeping any exposure as low as possible, 
routine monitoring for internal contamination is required by a German 
BMI recommendation /1/ whenever 5 % of the annual limits of intake (ALI) 
are supposed to be exceeded. 

In the WAK ca. 500 workers (staff and contractors) with working permits 
for contaminated areas are to be observed using the monitoring program. 

A. General Aspects 
In a reprocessing plant with direct maintenance, detailed knowledge of 
the radiological working conditions is essential for specifying the 
adequate protective outfit. Any lack of information thereupon has to be 
taken into account by prophylactic means of protection. 

During the over 15 years of experience since reprocessing started at 
the WAK, there has evolved a certain classification of rooms according 
to which a standard protective clothing and equipment has to be worn. 

Under real working conditions room-ventilation has to be properly 
controlled. Advantage can be taken of the fact, that in the WAK air is 
generally conducted from rooms with a lower contamination potential to 
rooms with a higher contamination potential by pressure gradients up 

to 700 Pascal. 

Surface contamination measurements are taken by direct monitoring, in 
the case of too high a radi;o,tion background by wipe-tests. After work 
has finished surface-cofltami ~'·'I i.·~'" mnnitoring is CI.JJT\~'ulsory. 1'-la .. nincJ 

2 -1 alarms are defined at 3, 7xl0. · Bq;cm for a-particles and 3, 7x10 
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Bq/cm2 for ~particles. It has proven advantageous to retain one wipe 
test for nuclide specifc investigations in the lab. In the case of any 
accidental exposure a quick estimate of the total intake of radionuc
lides is obtained by taking only a body-counter measurement on a "lea

ding" nuclide like Cs-137 and with that equating the proportions of the 
other nuclides according to your wipe test. Analysis of excreta taken 
after the accident corresponded well with the first estimates. Relevant 

nuclides to be considered are shown in table 1. 

Actinides 
uranium (U-238,U-234,U-232) 
plutonium (Pu-238,Pu-239,Pu-240) 

americium (~241) 
curium (Cm-242, Cm-244) 

Fission products 
caesium (Cs-137,Cs-134) 
strontium (Sr-90) 

ruthenium (Ru-106) 
tritium (H-3) 

Table 1: Relevant nuclides for internal contamination monitoring 
- In many areas of the plant this looks like a spectrum calculated 

by the ORIGEN-Code. An exception may be given by Ru-106, which often 
shows different behaviour. 

- Detailed analysis of all process-streams in the WAK shows that there 
is a relatively strong correlation between Cs-137 and Sr-90. As 

Sr-90 has a great radiological importance and a radiochemical analy
sis of Sr-90 is not immediately available a conservative estimate of 
a Sr-90 intake is possible by taking intake Sr-90 ~ 2x intake Cs-137. 

- Because of the low annual limits of intake for Pu (160 Bq for Pu-239 
for example), the Pu-isotopes have to be considered in any contami

nating event as possible contaminants, even if concentrations of Pu 

are very low. 

B) Air Monitoring Systems 

Air monitoring is an import0Dt tool for routine incorporation control. 
In the WAK there are ab<~ut '',f' ''"Jm:: •sith contimJO'"; ;~1.i.' saJ11p.lin•r i."· 

stalled. The filters are anoJys•::d claily for ex- and t3-aerosols. Long 

term air surveillance of rooms which could be entered without protec

tive mask showed Pu-activity concentrations of less than 10-4 Bqlm3. 
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In operating rooms where there is a potential hazard of being contami
nated and the need of longer working times for personnel, there is an 
additional continuous air-monitoring by means of pseudo-coincidence 
techniques, semiconductor and plastic-scintillator detectors for a

resp. ~aerosols. 

Pseudocoincidence monitors are the most sensitive monitoring devices 
installed. With implementation of high volume samplers (- 40m3/h) and 
large-size proportional counters a sensitivity of 2xl0-2 

Bqxh/m3 for a and 5xl0-2 Bqxh/m3 for ~particles and better is achieved. 

Yet the conditions of a very low background radiation and very well 

defined Radon;Thoron activity concentrations cannot be guaranteed by 

routine operating practice in all plant areas. In these areas a

monitors with semiconductor detectors give a better performance. Se
lective air monitoring for Kr-85 is done in the fuel element reception 
hall only. 

H-3 is continously monitored in the chemical make-up working area. Re
covered HN03 in use in this area generally shows HTO contamination. 

Iodine-air surveillance is only necessary when work is carried out on 
the iodine-filter systems. 

C) Individual routine monitoring for internal contamination 

Fission Products: 
The WAK-routine monitoring program involves two whole-body counting 

measurements per year. This guarantees a safe monitoring of the inve
stigation level of 5 % intake for Cs-137 (ALI = 1,3xl06 Bq) as a "lea
ding" nuclide. 

H-3: 
Individual monitoring of exn:<>t"l is foreseen only fnr those workers who 

are working in the chemi ·~a] ,,. " .. "I' :n:ea. 
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Actinides: 
Routine urine excretion analysis is carried out for uranium and pluto
nium once a year. The sensitivity is about 1,5 mBq for Pu and 1 pg/1 

for uranium. If the results show any inconsistencies, there is a spe
cial follow up with further samples of excreta (urine+faeces) and ad
ditional analysis for americium and curium. 
Despite the fact that urine excreta-analysis for transportable Pu has 
only limited sensitivity/2/, for example covering a 7-10 days surveil
lance period assuming a constant uptake on a 5 % ALI level and a de
tection limit of 1,5 mBq, you gain information on a much greater sur

veillance period by taking the samples equally spread over the year and 

thereby picking out representative candidates of each working group. 

D) Special individual monitoring for accidental exposures 

Criteria for this monitoring scheme are given by: 

- skin contamination, especially face. 

- damaged outfit. 

- inconsistencies in routine monitoring especially values above detec-
tion limit 

- ~ wound incurred in a contaminated area etc. 

In the case of any of these criteria a series of special procedures is 
instigated. 

- analysis of nose blows and throat swabs 

- further analysis of excreta (urine+faeces) 
- lung and whole-body monitoring 
- wound detection 
- analysis of blood samples. 

In all these procedures the medical department is directly responsible. 

The following foil show::~ sl:ati·. 1 ic: of i.ncorpor,c,tio, events (> 57; 

ALI) for the WAK. 
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From the data the total body-intake of radioactive material has to be 

defined. 

Dose calculations are to be carried out according to the German BMI 
recommendations whenever 50 % .ALI a.re exceeded. In general in the WAK a 
dose is recorded at inte.kes ~ J t) % N~I. In nearly all dose calculations 
one can in fact take a class vJ solubility according to ICRP. Pu-oxide 
(class Y) can be ruled out for the majority of working areas in the 
plant. 
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Investigations of aerosol particle sizes in ventilated WAK rooms are in 
the 1 pm AMAD range, so the ICRP recommendations readily apply. 

F) Conclusions 

- WAK experience in monitoring for internal contamination shows that 
air monitoring is an important tool for routine incorporation con
trol, especially in view of the difficulties in Cs-137 individual 

monitoring after the Tschernobyl incident. 

- In any case of a positive monitoring for fission products Pu

isotopes had to be controlled too by excreta-analysis. 

- Sampling of faeces is regarded as a non-routine measure, not only 
because of a psychologically motivated lack of acceptance, but also 
because there are indications that positive findings in faeces on a 

mBq detection level cannot be totally excluded in reference groups 
not engaged in the nuclear industry. 
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CONSTRUCTION OF A HETEROGENEOUS PHANTOM FOR 

INTERNAL DOSIMETRY MEASUREMENTS 

Per Hedemann Jensen and Bente Lauridsen 
Ris0 National Laboratory, DK-4000 Roskilde, Denmark 

1. INTRODUCTION 

Intake of radionuclides could result both from routine work with 
radioactive materials and from accidents. For medical purposes, 
intakes of radionuclides are administered in both diagnostic and 
therapeutic treatments. Therefore, there is a need to evaluate 
the internal radiation doses received by the body organs from 
intakes. As measurements of internal doses are almost impossible 
to make in practice, internal dosimetry today is, to a large ex
tent, based on calculations. 

The current method of internal dose calculations is described in 
pamphlets from the MIRD (Medical Internal Radiation Dose) Com
mittee [ 1]. The MIRD-method is based on calculations of the ratio 
of the energy absorbed by a target organ to that emit ted by a source 
organ. The phantom used in these calculations - the Snyder-Fisher 
Phantom - is a heterogeneous phantom approximating the adult 
human body. 

Some years a9o the ICRP (!nternational ~ommission on ~adiological 
Protection) L2] published limits for the intake of radionuclides 
based on a method very similar to the MIRD-method. 

Although there are limitations and uncertainties associated with 
internal dose calculations, little effort has been made so far to 
verify the calculations experimentally. Therefore, the present 
study has been undertaken with the goal to build a phantom more 
close to a "standard man" than the MIRD-phantom and use this 
phantom for measuring the Specific Effective Energy SEE(T+S) 
absorbed in selected target organs fromradionucl1des distributed 
homogeneously in specific source organs. 

2. BASIC THEORY 

One of the basic parameters in the field of radiological protection 
is the committed effective dose equivalent, Hso· To calculate Hsor 
it is necessary to determine the committed dose equivalents in a 
number of target organs T from the activity in a given source 
organ S, Hso(T+S)i, for radiation type i: 

where 

Us is the number of transformations of the radionuclide in 
the source organ S over a period of 50 years after the 
intake 

SEE(T+S) i is the specific effective energy in MeV·g-1 per 
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transformation for radiation type i (modified by the 
quality factor) absorbed in the target organ T from each 
transformation in the source organ S 

SEE(T+S)i is given by: 

SEE(T+S)i 

where: 

Yi•Ei •AF(T+S)i •Qi 

MT 

Yi is the yield of radiations of type i per transformation 
of the radionuclide 

Ei is the energy of radiation i 

AF ( T+S) i is the fraction of energy absorbed in the target 
organ T per emission of radiation in the source organ S 

Oi is the quality factor for radiation type i 

MT is the mass of the target organ 

For an intake of a given radionuclide, a target organ can be ir
radiated by several source organs giving the committed dose equiv
alent to the target organ as: 

Hso,T = L Us L SEE(T+S)i 
s i 

The value of Us is the time integral over 50 years of activity of 
the radionuclide deposited in that organ: 

depending on both the biological retention and the physical half
life of the radionuclide. 

3. CONSTRUCTION OF A HETEROGENOUS PHANTOM 

Human organs from the body of a 180 em, 75 kg male were used 
for the moulding process. The person did not die of a disease in 
any of the used organs, leaving these as reasonably representa
tive of an adult male. The following organs were used: 

- lungs - pancreas 
- kidneys - spleen 
- liver - stomach 
- thyroid - bladder 

All organs were saturated with a mixture of formalin and alcohol 
thereby keeping their original shape. The stomach and bladder 
were both filled with gypsum. 
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A negative form of each half of an organ was moulded by Sadocover 
488, a 2-component polyethane surface coating material. A posi
tive model of a half organ was moulded by filling the negative form 
with Sadocast 521, another 2-component polyethane casting ma
terial. After hardening, this second material is easily machined 
and polished to prepare a completely smooth surface. A heated 
sheet of 2-mm Acryl-plast material was placed at the top of the 
positive model, and with a vacuum technique a plastic shell 
identical in shape to the original half organ was produced. Because 
of the size of the trunk, head, and limbs it was necessary also 
to make negative vacuum forms of the casting material from the 
positive models. 

The two plastic shell halves were then glued together leaving a 
hollow replica of the original organ. Several thin plastic tubes 
were inserted through each organ for the placement of TL dose 
meters. A hole in the side of the organ, closed with an 0-ring 
tightened plug, makes it possible to fill the organ with liquid. 

The positions of the organs were determined from anatomical at
lases. The organs were fixed within the body in an easily replace
able way. Figure 1 shows different steps in the moulding process 
and Figure 2 the final phantom. 

Figure 1. Moulding process for the 
product1on of a hollow replica of 
the right lung. From left to right: 
real lung, positive model of a half 
lung, and hollow replica of lung 
filled with granule. 

4. EXPERIMENTAL PROGRAMME 

Figure 2. Phantom for intern
al dosimetry measurements. 

An extensive experimental programme will be undertaken to deter
mine the Specific Effective Energy SEE(T+S) absorbed in the tar
get and source organs of the constructed phantom that will represent 
man more closely than the MIRD-phantom. Radionuclides of import
ance in health physics at nuclear installations and laboratories 
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as well as nuclides used in nuclear medicine will be used. The 
organs and the body will be filled with liquid except for the lung 
material which will be simulated by a granule [3]. The activity of 
the nuclide will be dissolved in the organ liquid and success
ively placed in all the source organs. For the lungs the gran
ule will be soaked with liquid containing the radionuclide and 
then dried. 

Two dosimetric methods can be used to measure the organ dose: 
small TL dose meters that measure the doses at several selected 
points within the organ or a volumetric dose meter with TL powder 
mixed in organic materials molding a solid dose meter with the 
same shape as that of the organ. 

Both methods have their advantages and limitations. The measure
ment of dose at selected points within the organ is easily per
formed and gives the dose distribution in the organ directly. The 
total organ dose, however, has to be calculated from the point 
measurements. The volumetric dose meter gives the total organ dose 
directly, but not the dose distribution, although possible by 
measuring the response from sub-volumes of the organ. The diffi
culty here is to obtain a uniform mixture of TL powder and or
ganic material and to recover all the TL powder from the mixture 
for the dose reading process. 

In this study TL dose meters of the size 1 mrn x 1 mm x 0. 5 mrn 
will be placed inside the thin plastic tubes passing through the 
organs to measure the y-dose. The ~-dose in the source organs 
will be determined in a separate arrangement where TL dose meters 
are submerged in the organ tissue liquid or granulate having 
linear dimensions large compared to the range of the ~-particles 
[ 3] . 

The measured values of SEE( T~S) will be compared to the corre
sponding values in ICRP publication no. 30 [2]. 
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INFERENCES FROM DIRECT THORAX COUNTING ON OCCUPATIONAL 
WORKERS OF FUEL FABRICATION PLANTS 

R.C.Sharma,T.K.Harida san ,T.Surendran ,S.Vi swanathan, 
B.Surya Rao and C.M.Sunta 

Health Physics Division,BARC,Bombay,India. 

Introduction:Indian fuel fabrication plants produce fuel assemblies 
for the country's nuclear power reactor s(PHWRs&BWR).Uranium Oxide(UOP), 
Ceramic Fuel Fabrication(CFFP),Enriched Uranium Oxide(EUOP) and Enr
iched Fuel Fabrication(EFFP) are the four main production plants. Nat. 
an d en r i c he d U o f en r i c hme n t s 1 • 6- 2 . 6 6% are han d 1 e d in t he se p 1 an t s. 

In most of the areas of these fuel fabrication plants,de spite 
rigorous controls,potential internal exposures through inhalations of 
(u..,o,.,,uo 2 ) classY aerosols,remain distinctly possible. Since 
pefi8dic urine assay as the sole method of controlling internal 
intakes may not be adequate,direct thorax counting of fuel fabricators 
becomes obligatory.Fulfilling this obligation,we have monitored thorax 
burdens in a majority of occupational workers from these four fuel 
fabrication plants.This paper presents methodology,results,their anal
ysis and atttempts to draw some notable inferences there from. 

2.Me!~~dology:It is based on direct detections of 63 ~ ~3keVY'-rays 
from Th assuming it in radioactive equilibrium with 3 U- .a .Yalid 
assumption for fuel fabricators and 185 keV Y'-rays from Z3ou. Two 
types of detectors-a 20cm dia x 3mm thick phoswich in centrally over 
supine chest geometry and 12.7cm diax 1.27cm thick Nal(Tl) in one 
over each lung configuration,housed inside a graded lined steel room 1 ) 
shield,facilitate the measurements of low-energy photons(LEPs). Phos
wich(10-150keV) and Nal(Tl)(20-300keV) measurements together provide 
indications of sur face contamination and uranium enrichment as well. 

The calibrations of the detection systems were per formed with 
the aid of a REMCAL phantom. Effective soft tissue thickness concept 
is used to derive calibration factors for each subject separately. The 
spectral regions of 40-105keV for phoswich and 40-120keV and 165-215keV 
for Nal(Tl) are employed.Averaged value is reported as the subject's 
thorax burden. 

3.Results:U-Thorax burdens in 128 occupational workers from four plants 
have been measured-about 1/3rd showing.(5 mg,the rest in the 5-25mg range 
with only three exceeding it.The plots of assessed thorax burdens Vs. 
cumulative% probability on log-probability graphs are given in Figs.l 
& 2 displaying data from Nat.& enriched Uranium plants respectively. 
Burdens exceeding 15mg are sho~m plotted in fig.3 against the length of 
occupational service being an index of inhalation period of the respe-
t i ve worker . 

4 • D i sc u s si on 
4.1 Log-Normal Analysis: Log-probability plots(fig.l&2) reveal that 
data upto 80-90%cumulative probability appear to fall on straight lines. 
Hence the thorax burden data from each plant are suitably describable 
by log-normal di stribution.The internal exposure status of an occupa-
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tional group from a particular plant would,thus,be signified by the 
geometric mean of thorax burden distribution .Calculated geometric means 
(GMs) & standard geometric deviations(SGDs)corresponding to the dis
played distributions along with the total number of cases measured and 
the maximum burdens encountered are also given in the figures. 

It is evident that UOP besides showing highest GM among the four 
plants shows SGD much greater than 2,implying perhaps an uncommon intake 
by some plant worker s.For other plants,SGDs are fairly close to 2. 

4.2Comparisons with Lung Model Predictions:The observed burden's from 
thorax countings,infact,represent lungs+lymph nodes contents and there
fore,reflect the cumulative effects of intakes over the period of occu
pational service. We,now examine their magnitudes vis-a-vis lung model 
prediction s.Since the thorax burdens show log-normal distribution s,their 
GMs are the proper parameters to be compared with.In Fig.3,lung model 
predicted build-ups of lungs & lungs+lymph nodes burdens as a function 
of exposure time are di splayed.The results are for continuous inhala
tions at the rate of lALI/365/day of lj.Jm MAD classY aerosols of Nat. 
& 2%enriched uranium.Apparently,for chronic exposures,burden in lungs 
tends to saturate with time but that in lymph nodes continues to rise. 
To facilitate ready comparison ,the values of GMs of the thorax burdens 
for four plants plotted against the mean service period of the moni-
tored group are also shown in Fig.3. It is seen that all GMs fall 
well below the limits delineated by the lung model predictions.It 
implies that the working conditions in all plants are such that a 
majority of occupational workers would accumulate thorax burdens much 
less than those expected from an intake of !ALI for each year of ser
vice.It should be noted that Fig.3 considers AMAD of lj.Jm whereas the 
average size of aerosols in fuel fabrication plants is 6)Jm. Nonethe
less,this does not invalidate the conclusion reached as the lung model 
predicts almost identical values of the saturated burdens for chronic 
intakes of lALI/365/day irrespective of the particle size if same 
clearance half-time is assumed. 

From the continuous intake model(Fig.3) & plant-wise estimated GMs 
of assessed U-thorax burdens,~e deduced the projected a1erage air con
centrations as 8.8 & 7.6)Jg/m Nat.U & 4.1 and 4.7)Jg/m enriched U in 
UOP,CFFP,EUOP & EFFP plants respectively. These estimates appear to 
be generally less than the five yearly averages of experimental mea
surements. Inevitable inference,thus,is that by and large generally 
satisfactory working conditions have prevailed in these fuel fabrica-
t i on p 1 an t s. 

It is clear from Figs.1&2 that burden values lying above estimated 
GMs would need individual scrutiny too.Incidentally, more significant 
of these are data points lying beyond 80-84 cumulative % to which the 
assessed thorax burdens)l5mg correspond.These are shown plotted in 
Fig.3.It is observed that except 3 data points from UOP,5 from EUOP/ 
EFFP and 2 from CFFP appear to marginally exceed the delineated limits. 
However ,due to in-built con servati sms in ALI and lung model ,uncertain
ties inherent in the direct detection methocts(max.±20%) and likelihood 



of lower effective U-enrichment invivo,the points marginally exceeding 
the limits cannot be adjudged as over-exposures.Usually such subjects 
are referred for repeat monitoring after a certain interval .By any 
reckoning,3 data points from UOP,indeed indicate over-exposure.But it 
is plain from the foregoing discussion,that over-exposures are not 
expected from the working conditions and are necessarily attributable 
to poor working habits and possibly improper use of respirators. 

4.3Follow-up Measurements: 3 follow-up measurements over a year have 
been made on one over-exposure case.The shape of pulse-height spectrum 
recorded from a Nal(Tl)detector positioned over right lung of this sub
ject A is compared with the observed spectral shapes from a Nat.U sou
rce embedded in side Mix.D absorber s,identi fying the internal contami
nant as Nat.U beyond doubt(Fig.4).Worthnoting are the changes in LEP 
spectrum shapes occuring with different thicknesses of tissues over a 
Nat.U source.Invariably,such supplementary measurements aid spectral 
interpretations from contaminated subjects. 

Extrapolating from the limited measurements on subject A,an usu
ally long clearance half-life from thorax of about 970days was obtai
ned. At least a few similar cases,have been reported from Canadian 
fuel fabrication plants2l.In addition,the phoswich response pattern 
over the frontal chest gave evidence of translocation of f~me Nat.U from 
lungs to lymph nodes-indicating a relatively old intake .Localised 
measurements with Nal(Tl )over skull and kidney sites of the subject 
with chest covered with 3mm Pb sheet,indicated no detectable Nat.U in 
these organs.These observations are subtly supportive of ICRP metabolic 
model of inhaled Y-Class uranium. 

4.4Detection Equipment Capabilitie s:Accumulated thorax burdens of 
about 7.5 & 5.5mg Nat.U are expected from chronic (Fig.3) and acute 
intakes of 1ALI respectively at the end of one year. These are much 
above the currently achieveable MDAs (2-3mg marked in Fig.3) of 
the detection equipment employed.Therefore,the direct thorax counting 
techniques are capable of detecting intakes of atleast 1/2 ALI/yr in 
a yearly monitoring frequency. 

5.Conclusion s:Direct thorax counting conducted on a majority of occ
upational workers of fuel fabrication plants lead to these inferences: 
l.About 2/3rd of the subjects showed measurable thorax burdens in 
5-25mg range. 2. The assessed thorax burdens in each of the the four 
plants are log-normally distributed and their estimated-GMs correspond 
to air activity concentrations of about 1/3 DACs-te sti fying sati sfa
ctory working conditions. 3. Comparisons with lung model predictions 
have identified 3 .probable over-exposures. 4. Follow-up measurements 
on one case revealed unusually long clearance half-life,detectable 
translocation s to lymph nodes but not to skull and kidneys. 5. With 
the available detection equipments, intakes of U at 1/2ALI level are 
me a sur a b 1 e • 
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ESTIMATION OF PLUTONIUM AT LOW LEVELS BY SOLID STATE 
NUCLEAR TRACK DETECTION (SSNTD) TECHNIQUE 

A.M. Bhagwat, M. Parameswaran, V.K. Panday, H.S. Dang, 
C.M. Sunta and S.D. Soman 

Health Physics Division, BARC 
Bombay - 400 085, INDIA 

ABSTRACT 

Integrating property of SSNTD, CR-39 in this case, was used in the measurement 
of low levels of plutonium in urine and liver tissue. The desired level of measure
ment was 1 mBq which corresponds to a daily stabilised urinary excretion of Pu-239 
(for Y-class compound) following an intake of 1 ALI by inhalation. 

Track development procedure consisted of chemical pre-etching (CPE) followed 
by electrochemical etching (ECE). Developed ECE spots were counted using a micro
fische card reader. Calibration experiments and measurements on spiked samples 
indicate that 0.5 mBq and 1 mBq of plutonium activity is easily measurable in urine 
and tissue samples respectively for exposure periods of 30 days. Possibilities about 
detection of still lower levels are discussed. 

INTRODUCTION 

With the discovery of SSNTD technique in 1958-59 (Young, 1958; Silk and Barnes, 
1959) and proliferation of its applications from 1961 onwards, measurement of low 
levels of activity in a variety of mattrices has received a new impetus. Several 
such uses have already been reported (Fleischer, Price and Walker, 1975; Bhagwat 
& co-workers, 1976; Ellis, 1986; Jeanmaire and co-workers, 1986; Cecchi & co-workers, 
1986) where alpha/fission track recording properties of SSNTDs have been made 

use of. In this paper results are reported which utilise high sensitivity of CR-39 
as well as the advantages offered by ECE technique. 

EXPERIMENTAL 

Background Measurement and Calibration 

Influence of background was minimised by i) choosing films with low background 
track densities and ii) reducing the film area under investigation. The film area 
in this study was restricted to 10 mm diameter because the smallest diameter of 
the electrodeposited (ED) sources which could be conveniently prepared was 6 mm. 

Track development procedure for alpha tracks consisted of 6 hours' chemical 
pre-etching (CPE) at 60°C in 6N KOH followed by 8 hours' ECE at room temperature 
using the same etchant. The a.c. voltage applied across the film during ECE was 
10 Vp/ )Jm of the film thickness at a frequency of 500 Hz. The CPE step also incor
porates one advantage: it helps to reduce number of background ECE spots by convert
ing sharp shallow surface defects (or pits) into blunt pits unsuitable for ECE. 
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Track detector pieces were exposed to ED sources in a way that eliminated 
contact of film with ambient air. This exposure arrangement is shown in fig.l. The 
activity used in the trial experiments was 0.5 mBq (= 0.03 dpm) of Pu-239 which, 
being lower than the desired estimation level by a factor of two, gave a corresponding 
safety margin. Table 1 shows the data from control and exposed CR-39 films obtained 
under different conditions. It demonstrates that the level of 0.5 mBq of activity 
is not difficult to assess for exposure periods of the order of 30 days. 

In a separate calibration experiment, employing a stronger Pu-239 source, the 
efficiency of track registration for the given exposure and etching conditions was 
evaluated and found to be 21.4%. 

Application of the Method 

The technique was then applied to actual samples of urine and liver tissue which 
were spiked with plutonium activity. A radiochemical procedure was followed for 
the separation of plutonium from the given mattrices (Rudran, 1985). The ED sources 
prepared from spiked urine and tissue samples, along with their respective blanks, 
were exposed to CR-39 films for a period of 33 days. The results of this exposure 
are shown in Table 2. They clearly indicate that the levels of added activities of 
plutonium are easily measurable under the experimental conditions outlined. For 
tissue samples the plutonium activity added was l mBq instead of 0.5 mBq. This 
was due to the fact that initial blank runs with tissue controls had generally shown 
the background to be higher by about a factor of 1.5. A photograph of ECE spots 
in CR-39 film is shown in fig.2 which clearly brings out the difference in track densi
ties of the exposed area and the surrounding background area. 

CONCLUSIONS 

i) These studies indicate that levels of·0.5 mBq in urine and 1.0 mBq in liver 
tissue can be conveniently estimated by the procedure outlined above. 

ii) It should be possible to detect still lower levels of activity (a factor of 2 
or more lower) by just increasing the film exposure times correspondingly. 

iii) Further lowering of detection lim its may be possible by controlling observed 
background in CR-39 films. This could be achieved by a detailed investigation of 
interplay of etching parameters used during CPE and ECE. 
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Table 1: Data from Control and Exposed CR-39 films obtained during initial trials 
(diameter of scanned area = 10.3 mm) 

S.No. Nature of Exposure No. of ECE Average No. of 
spots spots 

1 Control film 58 
2 II 69 
3 II 84 
4 II 46 62.7 ± 11.8 
5 II 65 
6 II 59 

8 Exposed to pla ncheted sources 302 
9 of 0.5 mBq activity, for 31.6 days 311 324.3 ± 31.2 

10 360 

11 Exposed to electro-deposited sources 284 
12 prepared from solutions containing 280 
13 0.5 m Bq of Pu-activity, for 31.6 days 334 

294.5 20.6 14 283 ± 

15 300 
16 286 

17 Exposed to pla nchets, subjected to blank 92 
90.5 ± 9.5 18 runs of electrodeposition, for 31.6 days 89 

Table 2: Data from spiked and liver tissue samples (Exposure duration = 33 days; 
diameter of scanned area = 10.3 mm) 

S.No. Sample Details Track Data 
(Matrix and activity) Recorded No. Average No. Net Average 

1 500 ml urine control 87 
2 II 132 98.7±29.3 
3 II 77 

4 500 ml urine+Pu (0.5 mBq) 239 239.5±15.5 141 ± 33 
5 II 240 

6 15 g liver tissue control 144 168.5±34.6 
7 II 193 

8 15 g liver tissue + Pu(l m Bq) 515 516.5±22.7 348 ± 41 
9 II 518 
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A COMPARISON BETWEEN A PHYSICAL AND A MATHEMATICAL MODEL USED FOR 
THE DETERMINATION OF THE COUNTING EFFICIENCY IN THE EVALUATION OF 

239-PU AND 241-AM BURDEN IN LUNGS AND LIVER. 

Righetti, M.A.; Hernandez, D.; Diodati, J. 

Comision Nacional de Energia Atomica <CNEA>, Argentina 
Gerencia de Proteccion Radiologica y Seguridad 

INTRODUCTION 

The determination of calibration factors for "in vivo" 
measurements of 239-Pu and 241-Am in order to assume a failure of 
the radionuclide in the considered organ, may produce some 
differences in the final evaluation. 

A mathematical model, which permits to simulate the 
different distributions and to obtain the calibration factor for 
each one of them, can produce important estimations in these 
errors without the necessity of reproducing the different cases 
in physical models. 

This report shows the comparison of the calibration factors 
obtained with the most advanced physical model, the Livermore 
phantom and a mathematical model based on the application of 
Monte Carlo method to the photon transport in a modified MIRD-V 
phantom. 

The compared calibration factors include geometries with one 
or two phoswich detectors in lungs and liver as source organs. 

MATHEMATICAL MODEL 

The model used is based on the application of the Monte 
Carlo method to the photon transport in a MIRD-V heterogeneous 
anthropomorphous male phantom. 

This 
reference 
includes 
lung. 

phantom is a mathematical representation of 
man, defined in the ICRP publication Nr. 23,and 

three types of tissue which simulate bone,muscle 

the 
it 

and 

In this phantom it was introduced a chest modification which 
permits to change the soft tissue thickness around the lungs in 
order to obtain calibration factors for different chest wall 
thickness <CWTl and abdominal wall thickness <AWTl. 

This model is completed with a code which permits to modify 
the source system reproducing different kinds of distributions 
located in lungs and liver, and another one which considers the 
detector efficiency for the energies of the incident photon and 
generates a pulse height spectrum similar to the obtained by a 
multichannel analyzer. 
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PHYSICAL MODEL 

It was used a Livermore phantom with homogeneous 
contamination of 241-Am in liver and, 239-Pu, 241-Am in lungs 
granted by IAEA within an intercalibration program under the 
agreement Nr.3698/R1/RB. 

The measurement geometry of the first organ consists in one 
detector placed on the organ, while for the second two geometries 
were used: one detector on the sternum and a detector on each. 
side of the trunk and tangent to the clavicle and sternum 
(standard geometry). 

This work was carried out with chest plates which simulate 
100Y. tissue muscle with CWT in the range of 2 to 4 em for lungs 
and 1.8 to 4 for liver. 

The measuring system is formed by two phoswich detectors of 
127 mm diameter <2.3 mm of INa<Tll and 50 mm ICs<Tlll with an 
aluminium window of 0.076 mm thickness and it was completed by a 
pulse shape discrimination system. 

RESULTS AND CONCLUSIONS 

In figures 1, 2 , 3 and 4 are shown the calibration factors 
resulting from the different distributions of the radiactive 
material in different organs considered. 

Due to these results, if we consider as real the calibration 
factors derived from the physical model, we observe that the 
diference between both models is always lower than 13Y.. 

The short difference obtained between both models permit us 
to estimate the validity of the mathematical model to study other 
distributions, geometries, organs and nuclides avoiding to obtain 
them through experimental technical and physical models. 

Besides, the flexibility of the code and the possibility of 
using different kinds of sources in each of their organs as well 
as changing the position and the type of detector used permit to 
use it in the study of any kind of located internal contamination 
to be detected by in vivo meassurement. 
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Efficiency [counts/photon] 
CWT 

Livermore Phantom MIRD-V Phantom 
[em] 

17 Kev 60 Kev 17 Kev 60 Kev 

2.18 2.37x10-3 1.95x10-2 2.23x10-3 1.94x10-2 

2.78 2.06x10-3 1.75x10-2 2.04x10-3 1. 82x10-2 

3.24 1.82x10-3 1.57x10-2 1.76x10-3 1.65x10-2 

3.98 1. 52x10-3 1.32x10-2 1.57x10-3 1.48x10-2 

Fig 1.Efficiencies for 241-Am in lungs.One phoswich on 
the sternum . 

Efficiency [counts/photon] 
CWT 

Livermore Phantom MIRD-V Phantom 
[em] 

17 Kev 60 Kev 17 Kev 60 Kev 

2. 18 5.41x10-3 4.18x10-2 4.76x10-3 4.70x10-2 

2.78 4.48x10-3 3.69x10-2 3.94x10-3 4.03x10-2 

3.24 3.78x10-3 3.15x10-2 3.35x10-3 3.50x10-2 

3.98 3.02x10-3 2.63x10-2 2.69x10-3 2.94x10-2 

Fig 2.Efficiencies for 241-Am in lungs.Two phoswich in 
standart geometry. 

I Efficiency [counts/photon] 
CWT 

Livermore Phantom MIRD-V Phantom 
[em] 

17 Kev 17 Kev 

2. 18 7.70x10-4 6.94x10-4 

2.78 4.34x10-4 3.83x10-4 

3.24 2.76x10-4 2.40x10-4 

3.98 1.44x10-4 1.27x10-4 

Fig 3.Efficincies for 239-Pu in lungs.Two phoswich in 
standart geometry. 
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Efficiency [counts/photon] 
CWT 

Livermore Phantom MIRD-V Phantom 
[em] 

17 Kev 60 Kev 17 Kev 60 Kev 

2. 18 4.28x10-3 3.25x10-2 4.14x10-3 3.67x10-2 

2.78 3.69x10-3 2.93x10-2 3.60x10-3 3.23x10-2 

3.24 3.18x10-3 2.58x10-2 3.09x10-3 2.78x10-2 

3.98 2.59x10-3 2.07x10-2 2.58x10-3 2.34x10-2 

Fig 4.Efficiencies for 241-Am in liver.One phoswich on 
the liver. 
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EVALUATION OF BODY CONTENT 90sr IN WORKERS 
USING EXCRETION ANALYSIS 

~ivanka Ubovic, Miodrag Trajkovic and Marija Stojanovic 
Boris Kidric Institute of Nuclear Sciences 

Vinca, Yugoslavia 

ABSTRACT 

The review of the radiotoxicological control of the seven workers 

which were contaminated by radiostrontium in an accident is presented. 

The contamination occured In the laboratory condition during the work with 

the 90sre12• These condition may be accepted as the single intake. It was 

estimated that the main way of the 90sr intake was the gastro-intestinial 

canal. 

Evaluation of the internal contamination levels wqs found out by 

determination of the 90sr content In the 24h urine samples, using the quanti
tative radiochemical methods in the programmed time intervals. From tt)e 

excretion data of 90sr by urin, the initial body activity of radiostrontium 

Ao(Bq) where calculated and further the theoreticaly treated by extrapola

tion function for excretion and retention. 

The satisfy lng correlation between the experimental and theoretically 

expected data (according to ICRP recommendation) was found. 
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THE BACKGROUND OF IN-VIVO MEASUREMENT 

AND THE SELF-COMPENSATION ME'l'lliOD 

Zheng Renqi and Ma Ruwei 

Institute for Radiation Prot.ectiC!ln, J11NI. 

P .0 .Box 120, Taiyuan, Shal1lXi, P.R. o .CHINA 

INTRODUCTION 

The objective of this study is to solve the background problem 

in whole body counting( WBC) , espec·ially for these nuclides emitting 

l~w energy gamma rays. We have examined that where does various 

ba.ckgroUl'ld in il1l-vivo measurement come from and how to eliminate 

them .• The history of redtllc:tioru and subtract methods for WBC back

ground is developing gradually. At first screening the subject; and: 

the detec:tor iru a lead chamber, and subtracting the k1ckground of 

equipment, then sub.rtracting the oockground of phanton, recently 

using control person and appropriate detector. Even if one carefully 

choose control person Hhose heie;ht, weight and potassilun-40 content 

are similar to a subjcc.L, the n:Sltlts of sub-traction is rarely sati

sfactory. 'l'he radiation irr·adiated from the naturally occurring 

radionuclides or contaminated source· in the subject or control 

person is scattered by his own body and decraded its enerey,but 

only· a part of scattered radiation with same energy as the radiation 

being detected is taken as baclcground. The reason is that human 

body is very· complicat, same source strencth doe.s not mean it would 

have same amourut of low energy scattering radiation, and any detec

tor can not clist;in~uislt the r:1ys with same energy but different 

sources. We have developed a new subtraction method taking a part. 

of the in,..vivo spectuurn as a compensation term. 

ANALYSIS 

Suppose a subject with internal contamination of As Bq. rad.io

nuclide S emitting garnrna ray with energy Es. In a p;i ven WBC equipment 

the rneasureLl energy spec·trwn can represent as 
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As •'Yl.• F(Es ,Ex,l3i 

where "\is a traJilJSfer· factor, the c:oun:ts per minute due to 1 Bq. of 

r~dionuclide S, with similar distribution in b.ody, at ideal condi

tion, i.e. there is no any scattering by body tissue or orgin. F is 

characteristic function of energy spectrum, it is dependent on ray's 

,initial energy·· Es, emitting energy Ex and human body fac·tors Bi, sucll 

as height, weight, muscle thickness, fat proportion, rela-tive posi

tion of differen! tissues density and the distrabutLon of nuclide S 

in the body. The func·tion ah1ays express a:> follows: 

E:x>Es 
v1hen Ex=Es 

Ex<Es 
( 1) 

where A is the decrease fraction of the primary ray, while it erni t 

out the body. Ax is the low energy gamma ray fraction, which is a 

succe:;:Lve sea tteri.ng ~3]J('Ctrum Sid as a function of Ex. 

If D is the measured nuclide, its gamma ray energy Ed, activity 

Act, and S is a nature radionuclide, Es>Ed. The enerG7 Ed is detected 

in energy range E-J to E2. rrhen the counting rate M in this range is 

(2) 

The first term in Eq.(2) is the backGround due to S, only the second 

term is just the demanded quantity. 

The criterion for choosing control person is that whose S con

tent approximates to the subject. 'fha t means the both terms: 

(3) 

are· equal. Even if .6 ':reatly vary, the variation of ( 1-A) may be 

not obviously, v1hile A i:J small, it is in general much less ·than 1 • 

The variation of Llx is L~re<1ter than that of A , and Ax is a factor 

in back{~row'Jd term or Eq.(2). This .Ls the reason why :1ame As can l'liOt 

obtain similar backc;round in the E1 to Ez range. 
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:.>ELF -COMPEN:3A'riON ME.'ThiOD 

Beside the charac:teristic energy range E1 to Ez of nuclide D, 

vJe take another energy range E3 to E4, E3 is larger than E2 but 

much less than Es. 'rhe c:ounts in E3 to E4 range is: 

(E4
(As1'J.F + Ad'Y\.Fd)dEx.= (E

4
AsY1AxdEx 

)E s )E \ 
3 3 

(4) 

This is quite like lhe background term of Eq.(2). If E3,E4 is very 

near.·~ ,E2, the difference between ~x in these twc range might be 
very s~all. It is reasonab.le to use Eq.(4) to compensate Eq.(2), 

then we have 

(5) 

where K is the compensation constant, whic±1 can be det~rmined in 

following metnod. 

For non-contaminated person Ad=O, then Eq.(5) becomes 

(6) 

These two integrals are measurable, so that tile K is solved. In 

practice, K is statistically determined by a lot of ordinary persons·. 

',•/e have measured lead-.~10 in skull for five tin miners and nine 

ordinary nonr-contarninated men. The spectrum data are treated by four 

methods for comparison. 

( 1) c·ounts in the range of 81 to E2 of miner is subtract by 

counts in 
(2) 

(3) 
and N(E41) 

same range of control person. 

Same as (1) but only take the counts in the peak area. 

Constant slope me-thod: the slope is detcrmir.c.d by N(E3) 
in the spectrum, then only the upside counts in range of 

E1 to E2 are tal~en into account. 

(4) The self-compensation tnctl1od as mentioned above. 
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The results of ordinary men are given in Tahle 1. The perc-ep
tibility is more or less like the concept of minimum detectable 
activity but with a definite coefficient. The miners 1 data ar~ 
given in Tahle 2, the values in ~able 2 are. in unit of perceptibi~ 
lityt. The data in these two tables show that the proposed method 
gets best effect. 

Table. 1 Ordinary men 1 s data (in counts per 30 minutes) 

Method ( 1) (2) (3) (4) 
---------- ... -,---------- -------- . - ---------------------
Mean valul!! N 217 -3.9 -920.6 0 
Standard deviation s 20.25 18.99 661.5 18.74 

2./2 c::f 2.J2 cf 20' 20" Perce- \ Deftndtion 
ptib£- Value 57.3 53.7 _j223. 37.5 
11 ty Equivalent value-:' ( Bq) 6.1 5.? 129.6 4.0 

-------- ------------------------
.;;"rhis vaJ.ue is equivalent to that obtained at following 
condition, two detec:tors, measuring time· of 120 minutes 
with a calib:rat.ion factor 9 Bq. /cpm~ 

•rnble 2 Miners 1 data (in perceptibility) 
----------------------------·rotal meaS\!l!l?ing Analyslis method 

Number time (min.) ( 1) ( 2) ( 3) (4) ------- ·--------- ------ -~- ... ----- --~-- . ----------------
M1 

60 1 .5 1 .3 -1.3 2.8 
3h5 2.9 3.6 -2.1 6~5 

M2 155 0.3 -0.4 -1 .5 0.1 

M3 
60 -0.3 0.2 -0.3 -0.2 

150 0.9 0.7 -0.7 0 .L~ 

M4 150 -0.5 0.8 -1 .9 0.4 

M5 
60 0.1 0.7 -0 .. 7 1 .1 

150 1 .2 0 .. 9 -1 .4. 1 .9 
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RADIOLOGICAL ASSESSMENT OF THORIUM WORKERS 

C.A.N. Oliveira, J.L. Lipsztein, P.G. Cunha and L. Bertelli 
IRD, National Commission of Nuclear Energy 

Av. das Americas, Krn 11,5 - Barra da Tijuca, 
Rio de Janeiro, CEP 22602, P.O. Box 37025, Brazil 

ABSTRACT 

Brazilian soil is a major depository of Natural Thorium. It is 
extracted from monazite sand and is concentrated in a mill located in 
Sao Paulo, the largest industrial city in Brazil. Workers in this mill 
have been employed for times up to 33 years. We have monitored these 
workers through urine, feces and whole body counting bioassay technique& 
We have developed a technique for "in vitro~ monitoring in which it is 
possible to analyse both uranium and thorium, since monazite sand has a 
percentage of uranium. ''In vivo" whole body monitoring is accomplished 
by analysing both Tl-208 and Ac-228. "In vivo" and "in vitro" measure
ments are compared. 

The thorium concentrate produced in this mill is sold to several 
industries, including a gas lamps factory. We have monitored works from 
this industry using the same techniques described above. 

Results from monitoring performed in the mill and in the industry 
will be shown. A comparison giving emphasis to the employing time is 
made. 
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SALIVA AS A PRACTICAL PARAMETER FOR ESTIMATING 
RADIATION DOSE FROM INTERNAL CONTAMINATIONS 

De Lange, P., Coops, A.J. and Hoekstra, A. 
The Netherlands Cancer Institute, A.v.L., Amsterdam 

The Radio Nuclide Center, Free University, Amsterdam 

The main methods for estimating radiation dose, received by 
the body and its component parts from radionuclides taken into 
the body, are the external detection method by means of a total
body counter and the internal detection method by measurements 
of radionuclides in excreta (urine, faeces, breath, nasal 
discharge, sputum, saliva, sweat and blood). 

In analysing biological materials for the assessment of 
internal contamination, the ICRP (International Commission on 
Radiological Protection) recommends, mainly for practical reasons, 
the use of urine as the most relevant parameter, because of the 
relationship between the urine content en extracellular fluid 
content. 

With respect to this relationship, there may be a reasonably 
good correlation between the concentration of the radionuclide in 
urine, blood and saliva. In addition, saliva is relatively easily 
collected and therefore of practical importance. 

In the light of the above mentioned, a preliminary study was 
conducted to investigate the suitability of saliva as a parameter 
for estimating radiation dose. 

Rats were i.v. injected with 150 ~Ci sodium (3H)-acetate. 
Samples of blood, urine and saliva were collected and measured 
for radioactivity, twice daily, during three weeks. No significant 
differences in fractional excretion curves were evident when 
comparing the date of blood, urine and saliva. 

In conclusion, the preliminary results, obtained with sodium 
(3H)-acetate, suggest that saliva may be an excellent parameter, 
because of its practical availability at any time, and the close 
correlation with the recommended standard method of the ICRP using 
urine. Further investigations on this subject are in progress. 
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FURTHER APPROACHES TO BIOLOGICAL INDICATORS 
OF RADIATION INJURY 

G.J. Koteles, Csilla Kormos, J. Kerekes and L.B. Sztanyik 
"Fr~d~ric Joliet-Curie" National Research Institute for 
Radiobiology and Radiohygiene, H-1775 Budapest, Hungary 

Despite of the decades-long investigations, the search for 
proper biological indicator of radiation injuries did not result 
in techniques fulfilling all the requirements as yet (6). So far, 
the most reliable assay is the dicentric chromosome aberration 
analysis (9,10). New developments have been made recently on a 
cytogenetic technique, i.e. the micronucleus assay, and for local 
injuries on the application of thermography. Our own results as 
presented below suggest that these methods are promising. 

MICRONUCLEI IN X-IRRADIATED HUMAN LYMPHOCYTES 

The detection of micronuclei in lymphocytes has come into the 
limelight a few years ago. The fairly consequent dose-effect rela
tionships obtained by several laboratories made the technique 
rather promising (ref. 1), especially after the modification re
commended to recognize interphase cells after their first mitotic 
divisions (2,3,11). 

On Fig. 1. our data are shown on dose-response relationships 
of appearances of micronuclei in human lymphocytes from x-irradiat
ed whole blood as detected in traditional lymphoblasts and cyto
kinesis-blocked ones. 
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Fig.1. Dose-effect curves of 
appearances of micronuclei 
after x-irradiation of human 
blood in mononuclear lympho
blasts (A), binuclear cyto-
kinesis-blocked cells (o) 
both after 72 hrs and the 
frequency of acentric frag
ments (e) after 48 hours in
cubation. 
The points represent data ob
tained from 3 donors. Cyto
kinesis-blocking was perform
ed by 3 ~g per ml cytochala
sin B through the last 28 hrs 
of incubation. 



In addition, for comparison, the yield of radiation-induced acent
ric fragments is shown as well. The data from 3 donors per test 
and per dose could be best fitted to linear-quadratic relationship. 
The yield-equations for micronuclei in mononuclear lymphoblasts 
(MN) and for citokinesis-blocked (CB) cells are as follows: 

YMN (6.9+2.8) + (38.9+5.8)0 + (16.3+2.1)02 

YCB (11.3.:':_4.3) + (139~0.:':_44.0)0 + (3G.8.:':_18.6)o 2 

When comparing the three curves on Fig. 1. it is obvious that in 
CB cells more micronuclei can be detected by appr. 40-50 per cent 
than in mononuclear lymphoblasts but the frequency of acentric 
fragments is still higher. 

Based on the yield equations presented, if the "c" value is 
properly low and the frequency of micronuclei in CB-cells is at 
least double of the background level, an estimate of a dose of 
appr. 0.1 Gy can be made. The "c" value, however, is somewhat de
pendent on age (1,3,4) which fact has to be considered in dose 
assessment through micronucleus assay. Therefore, further collec
tion and comparison of background data by various laboratories 
will help the wide acceptance of this technique as a reliable bio
logical indicator or even dosimeter of radiation injury. 

It has to be noted, however, that further studies are needed 
also to reveal the origin and mechanism of formation of micronu
clei appeared in mononuclear and CB lymphoblasts that the size 
distribl.1.tion in the latter is wider, i.e. a push toward the larger 
diameters were found (5). 

THERMOGRAPHY FOR LOCAL IN.:;URIES 

In cases of partial body irradiation including extremities 
the usual tests applied most commonly have only limited values in 
assessing the severity ofl~ tissue damages. For such situations 
a few laboratories including our one have introduced various tech
niques of thermography. We have reported on a clinical case when 
an industrial radiographer has suffered an accident with Ir-192 
gamma radiation source (7). Especially three fingers of his left 
hand were seriously irradiated. Although clinical symptoms were 
restricted to the distal parts of the fingers, by contact thermog
raphy (Flexi ThermR) it was indicated that larger areas of the 
thenar and hypothenar were also involved. Telethermogrammetry has 
indicated even larger areas involved (8). The case raised several 
problems on detectability of dose- and time-dependent tissue dam
ages. Investigations on mini-pigs revealed thermographically de
tectable alterations even in phases without clinical symptoms. The 
Figs. 2. and 3. present data obtained after x- and gamma-irradia
tions of thighs of mini-pigs in the dose range between 12.5 and 
75 Gy. 

We could conclude from our clinical and experimental experi
ence collected so far that thermography is a sensitive and useful 
technique to detect local radiation injuries also in the phases 
when clinical symptoms are not evident, i.e. in the early and 
latent periods. 
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Fig. 2. 
Thermal alterations in 
time (hours then days) 
on surfaces of mini
pig thighs after x-ir
radiation with 12.5, 
25,50 and 75 Gy as de
tected by NovaThermR 
contact thermography. 
The AT expresses dif
ferences compared to 
the temperature of un
irradiated surrounding 
areas. Letters and ar
rows indicate time
points when clinical 
signs appeared, i.e. 
Ep: epilation, E:ery
thema, WD: wet des
quamation, N: necrosis. 

Fig. 3. 
Thermal alterations in 
time (hours then days) 
on surfaces of miR~
pig thighs after Co
gamma-irradiation with 
12.5, 25, 50 and 75 Gy 
as detected by Nova
ThermR contact thermo
graphy. Abbreviations 
as on Fig.2. 
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BREAST CANCER RISK IN SCOLIOTIC WOMEN 
EXPOSED TO MULTIPLE DIAGNOSTIC X-RAYS 

D.A. Hoffman, M. Morin, J.D. Boice, and J. Lonstein 
Center for Environmental Health, 1600 Clifton Road, 

NE Atlanta, Georgia 30333, USA 

ABSTRACT 

Although exposure to ionizing radiation is a well-known risk 
factor for development of breast cancer, the potential risks from 
low-dose, fractionated diagnostic exposures during the period of 
breast development have not been thoroughly evaluated. Women with 
scoliosis may be at increased risk of breast cancer as they are 
exposed to multiple diagnostic x-rays during childhood and 
adolescence, when the breast may be highly sensitive to the 
effects of radiation. To evaluate these risks, the authors 
conducted a historical cohort study of 1, 036 women treated for 
scoliosis at four Minneapolis-area hospitals between 1925 through 
1965. Medical records were abstracted for information on 
treatment and number and types of x-ray films taken. Breast doses 
were reconstructed on the basis of machine settings, tube type, 
and other relevant variables. Ninety percent of the group was 
located, and over 88% responded to a mail questionnaire or 
telephone interview. Eleven cases of breast cancer were observed 
compared with less than 6 expected (O/E=1.84, 95%CI=0.9, 3.3). 
The 0/E ratios stratified by time since first exposure (<15 years, 
15-29 years, 30+ years) were ~ 1.6, and 2.4, respectively. The 
rates of breast cancer per 10 exposed women by number of x-ray 
films taken (a preliminary surrogate for radiation dose) were 0, 
5.8, 12.9, and 20.7 (for 0, 1-29, 30-59 and 60+ films, 
respectively). The potential effects of concomitant breast cancer 
risk factors are being evaluated. The data suggest that exposure 
to low level diagnostic radiation during childhood or adolescence 
may increase the risk of breast cancer. 
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EVOLUTION OF AN ACUTE RADIATION SYNDROME 
ACCIDENT 

IN A CRITICALITY 

Gim~nez, J.C. 
Comisi6n Nacional de Energia At6mica CCNEAl 

Argentina 

INTRODUCTION 

On September 23 rd., 1983, during the assembling of the Ra-2 
critical facility, located at the Constituyentes Atomic Center, 
Buenos Aires, Argentina, an uncontrolled increase of power 
occurred, causing the operator's death. 
The RA-2 is a critical facility with a nominal power of 0.1 W. It 
has been under operation since 1966 for experimental purposes and 
for trainning courses. It works with high enriched uranium plate 
fuel and with light water as a moderator and as a reflector. The 
reactor pool is cylindrical with a diameter of 2 m and a height 
of 1.5 m. To be assembled, the reactor core can be reached 
through an open upper surface. The reactor shielding consists of 
rectangular blocks placed in such a way that the radiation field 
to the surrounding laboratories is limited. 

The accident occurred when the operator was trying to change 
the core configuration, resting on the edge of the reactor pool 
(1). According to the operation procedure, it was necessary to 
fully evacuate the moderator, but this was, in fact, only 
partially done. During the core configuration change, a transient 
reactivity occurred. Under these circumstances, the operator, who 
was the only person present in the facility, resulted highly 
overexposed. Some other people located in the control room and in 
contiguous laboratories were exposed at a much lower level. 

PRIMARY MEDICAL INTERVENTION 

All the people were exposed to a field of gamma and neutrons 
beams liberated in a very short time. 
Initially, measurements to detect personal external and internal 
radioactive contamination, as well as measurements of body 
induced activity of Na-24 and hair induced activity of P-32 and 
activation 
dosimetric 
dosemeters 
processed. 

of personal elements were done. In the meantime, 
sys~em, consisting of personal dosemeters 

for criticity accidents located in the area, 

the 
and 
was 

The medical evaluation was clinical 1 haematological and 
cytogenetic, by chromosome aberration analysis. 
Thirty minutes after the overexposition, the operator had nausea, 
vomiting and diarrhea. When examined, prostration and facial and 
right hand erythema were observed. Two hours later, lymphocytes 
count had dropped to 46 % of normal values. All these events made 
it possible tc diagnose Acute Radiation Syndrome in severe 
evolution. The initial clinical and dosimetric results on the 
other persons involvP•J made it possible to estimate whole body 
doses below 1 Gy, values tnat were confirmed later (2). None of 
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them showed located injuries. 

PLANIFICATION OF THE MEDICAL ASSISTANCE 

According to the expected risks, the following decisions 
were taken to treat the overexposed persons: 
1- Hospitalization of the operator in Prodromal Stage of Acute 
Radiation Syndrome, with skin injuries and 
2- Ambulatory control of the remaining personnel without 
clinical, haematological and ,local manifestations. 

CLINICAL EVOLUTION OF THE HOSPITALIZED PATIENT 

The chronometry of the events that were observed during 48 
hours and 25 minutes to the lethal evolution is as follow: 
During the next two hours following the overexposure, it was 
observed after 15 minutes, gastrointestinal and neuromuscular 
symptoms of the Prodromal Stage, different from the 
manifestations of the psychologic reactive phase of the 
Adaptation General Syndrome, that in its primary phase 
mimethasies it (3). It started at 15 minutes with painful 
vomiting that did not respond to medication. During this period 
of time skin-mucous located non-stochastic effects like 
conjunctional hyperaemia and erythema on the right hand were 
detected. The pharynx's pain could be related with the oedema 
observed some hours later. 
Between hours 2 and 26, the evolution was apparently calm without 
clinical manifestations. However, during this period the 
haematopoyetic harm increased; lymphocytes were less than 100 per 
microliter and neutrophils were more than 12000 per microliter, 
the latter indicating reactive alarm against the accidental 
stress. The important decrease in lymphocytes, as well as the 
possible harm to the cell membranes of the surviving ones, 
prevented the estimation of dose by chromosome analysis. During 
this period the skin-mucous injuries on the pharynx, forearm,and 
right hand increased. Besides, erythema on the right side of the 
chest appeared. 
After 26 hours, the patient was in oliguria and arterial 
hypotension, without changes in ECG; 25000 neutrophile per 
microliter were counted, LDH, SGOT and SGPT were elevated. 
After 29 hours, the patient had a sanguinolent vomiting. The 
platelet count was not too low (100000/microliterl. 
Between 32 and 38 hours, the patient became anxious and excited. 
He had 44 breaths/minute and his respiratory difficulty 
increased. Laboratory tests indicated metabolic acidosis. The 
chest film showed diffuse haziness on the right lung. Physical 
dosimetry estimated a dose by neutrons on the right lung of 20 Gy 
and on the left one of 6 Gy (4). 
After 48 hours, the patient did not respond to painful stimulus 
and did not display pupillary light reactions. Convulsions 
started, this was the onset of coma, quick evidence of the Crisis 
Stage of the Neurological Form of the Acute Radiation Syndrome. 
The ECG presented a broadening of the QRS complex, specially at 
the expense of the repolarization component, possibly associated 
with the destruction of the active transport mechanisms in the 
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myocardium fibers. 
Three cardiopulmonary arrests followed, one after the other, 
during the last one he died. The necropsy at brain level showed 
vascular injuries, intravascular coagulation, demyelination and 
nervous cell destruction. 
The distribution of the damage caused upon the tissues and its 
clinical manifestations is consistent with the estimated doses in 
the reconstruction done by physical dosimetry, characterized by a 
craniocaudal decreasing of dose with prevalence upon the right 
side of the body. 
Death occurred after 48 hours and 25 minutes of evolution of the 
Acute Radlation Syndrome, with superposition of clinical 
manifestations of the Cardiovascular and Neurological Forms 
including radiopneumonitis in the right lung. 
The reconstruction of physical dosimetry estimated a whole body 
dose of 43 Gy, 21 Gy by gamma and 22 Gy by neutrons (4). 
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THE EXPERIMENTAL STUDY OF COMBINED EFFECTS OF IONIZING 
RADIATION, ALCOHOL AND TOBACCO SMOKE ON 

WARM BLOODED ANIMALS 

P.V. Ramzaev, N.I. Mashneva, 0. Yu., Kudritskaya, V.M. Kupriyanova 
V.N. Pulkov, S.Ya. Sukalskaya, and V.M. Shubik 

Institute of Radiation Hygiene, 8 Mira ul., 
Leningrad 197101, USSR 

ABSTRACT 

Results are presented of experimental study of socially 
significant (life span, reproductive function, working capacity) 
and medico-biological (immunological, biochemical, genetical, 
etc.) indices under the influence of ionizing radiation, alcohol 
and tobacco smoke. 

The experiments were performed on 7000 white non-linear mice 
of both sexes. The effects of strontium-90 and polonium-210 
differing in their radiation quality and metabolism in a warm 
blooded organizm have been studied. The radionuclides were given 
with drinking water daily over the animal lifetime both separately 
and in combination with alcohol and tobacco smoke. The duirnal 
amount of alcohol simulated man's daily consumption of 2.5 g pure 
ethanol per 1 kg body weight, and the action of tobacco smoke 
corresponded to daily smoking of 20 cigarettes. 

The mean lifetime shortening and the increased tumours yields 
observed in the experiments were found to be caused principally by 
the chronic action of ionizing radiation. But at the doses above 
10 Gy the three factors combined caused the intensive metastatic 
spreading. 

The gonadal changes and disturbances of the reproductive 
function in males were observed under the action of all factors in 
question, but in females the most manifestative deviations of 
their reproductive capacity from the control level were noted 
under the combined action of ionizing radiation, alcohol and 
tobacco smoke. The combination of these detrimental factors 
revealed stunma tion and synergism of effects for humoral 
nonspecific protection and some immunological reactions. 
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EFFECT OF DTPA CaNa3 ON THE DISTRIBUTION OF Ce-144 IN THE SOLUBLE 
CYTOPLASMATIC FRACTION OF ISOLATED IIEPATOCYTES 

DUBNER,D.; FERNANDEZ DEGIORGI,C.; GOMEZ PARADA,I.; 
COHISION NACIONAL DE ENERGIA ATOMICA ARGENTINA 

INTRODUCTION 

Numerous animal experiments and therapeutics applications have 
demostrated the usefulness of DTPA CaNa3 to increase excretion of 
actinides and lanthanides in cases of internal contamination. 

Because of the high affinaty of these radionuclides for the li 
ver,hepatocytes in primary culture was chosen as a simple model sy~ 
tern. 

The purpose of this work was to study the distribution of 
Ce-144 between compounds of high and low molecular weight of the so 
luble cytoplasmatic fraction obtained from isolated hepatocytes af= 
ter they were incubated with and without DTPA CaNa3, since the 
effectiveness of this chelating agent to remove contaminants is lar 
1er while they remain in this fraction. 

HATERIALS AND METHODS 

The methodology consisted in the intraperitoneal contamination 
of Uistar rats with Cl3 Ce-144. Prior to sacrifice, 48 h later, 
the liver was perfused "in situ" with modified Hank's buffer supple 
mented with collagenase 0.05 % and then removed and digested in a
'Jolume of the same complete buffer. 

The suspension was centrifuged and the cells resuspended in 
Waymouth's HB 752/1 medium supplemented with 10% Fetal bovine se 
rum and antibiotics. 

Aliquots of the final suspension were incubated in a humidi
fied 5 % C02 air incubator at 37°C during 6 h. The chelator DTPA 
CaNa3 was added at a final concentration of 5 x 10-3M, prior incuba 
tion. A corresponding control was processed. 

The suspension was removed, centrifuged and the cells were re
suspended in TRIS 5 mH - Sucrosa 0.25 M and ruptured in a Dounce ho 
mogenizator. The soluble cytoplasmatic fraction was obbained by cen 
trifugation at 105,000 x g for 80 min. The supernatant was examined 
'Jy gel permeation chromatography through ULTROGEL ACA-22 columns 
( 1. 6 x 80 em) using 0 .1M TRIS-ClH, pH 8. 0, containing 0 .lH ClNa and 
J.02 % sodium azide as eluting buffer. The column was calibrated u
sing horse spleen ferritin and human transferrin. 

Fractions of 4 cm3 were collected at a flow rate of 0.15 
cm3/min. The eluate was monitored spectrophotometrically at 254 nm 
and each fraction was counted for radioactivity by a multichannel, 
well-crystal, scintillation counter. 
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RESULTS 

Two peaks with Ce-144 activity were observed with the hepatocy 
tes with DTPA CaNa3 (fig 1) and with the controls (fig 2). One of -
the peaks was coincident with the elution volume of ferritine (MW 
700,000 - 800,000) and the other was located in the lower limit of 
exlusion of the gel (fractionation range 100,000 - 1,200,000). The 
chromatographic profile for a preparation of ce144-DTPA complex is 
shown in figure 3. The ratio between Ce-144 activity in high and 
low molecular weight fractions is 0.08 for the sample incubated 
with DTPA CaNa3 and 3.60 for controls. 

DISCUSSION 

In the treatment of actinides and lanthanides contamination 
with DTPA, the amount of radionuclides which can be removed from 
the liver decrease with the length of time wich elapses between con 
tamination and the start of treatment. 

This decreasing efficiency of DTPA probably reflects the trans 
fer of nuclide from the soluble fraction to the formed elements of
the cell becoming less accesible for reaction with the chelating a
gent. 

Our previous experiments showed that Ce-144 content in the rat 
liver reached a maximun at 2 days P.I. and that the fraction of 
Ce-144 in the cytosol was larger in hepatocytes incubated with DTPi. 

The purpose of the present work was to investigate the distri· 
bution of Ce-144 amongst proteins of the liver cytosol with and 
without DTPA using gel chromatography on Ultrogel ACA-22. 

At 48 hours after injection the major cerium-bearing peak was 
in the region of the ferritin elution volume. In the presence of 
DTPA the pattern of isotope destribution had changed. The propor
tion of cerium in the low molecular weight region had increased and 
in the ferritin region had declined. 

According the hypothesis of Bhattacharyya et al, DTPA may be ta 
ken up by the parenchymal cells of the liver by pinocytosis of ex-
tracellular fluid. Fusion of pinocytotic vesicles with lysosome con 
taining Pu-239 could result in direct chemical contact between the
retained DTPA and hepatically deposited Pu. Excretion of Pu-DTPA 
complex into bile was demonstrated. 

The observed differences in the distribution of cerium by che
late action might be explained by this hypothesis but we can not 
assert yet that the increase is due to the Ce~DTPA complex. 

Clearly more experiments need to be done to elucidate the finer 
details of the mechanism for DTPA-induced removal of lanthanides 
from the liver rat. 
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BIOLOGICAL DOSIMETRY IN AUSTRALIA 

J.K. Brown 

Australian Nuclear Science and Technology Organisation, Lucas 
Heights Research Laboratories, Private Mail Bag 1, Menai, NSW 

2234, Australia 

The accuracy of biological dosimetry (B.D.), by enumerat
ing dicentric chromosome aberrations in peripheral blood 
lymphocytes, has been improved over the perjorl 19n9-1986 by 
increasing the number of cells examined from 300 to 500. The 
use of the bromodeoxyuridine technique to score cells only in 
first division has not, however, contributed to improved 
accuracy as in our laboratory metaphases in second division do 
not exceed 10% at 48 hours. Routine practice is to score 
cells immediately while awaiting the ageing and staining of 
the bromodeoxyuridine slides. 

Blood samples from 74 subjects involved in 45 real or 
suspected radiation accidents were examined for B.D. (Table 
1) . No dicentrics (D) were observed in 70 subjects suggesting 
that if an exposure did take place it was less than the lower 
limits of detection of 0.1 Sv for acute uniform whole body low 
LET radiation ("zero" dose estimate). This included four 
subjects where a physical reconstruction of the accident 
indicated exposures exceeding 1 Sv and three others where film 
badge readings of similar magnitude were found on processing 
but for which no explanation could be given. Doses in four 
subjects where a biological dose > 0.1 Sv was estimated are 
shown in Table 2. 

Table 1. Cases investigated by occupation 

Occupation Subjects Accidents "Zero" dose 
estimates 

Industrial radio- 26 16 23 
graphy 

Diagnostic X-ray 14 13 14 

Radiotherapy 2 2 2 

Dental 1 1 1 

Physicist 2 2 2 

University worker 2 2 2 

Radiation worker 8 8 7 

Public 19 2 19 

Total 74 46 70 
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Table 2. Biological dose estimates > 0.1 Sv 

Occupation 

Industrial radio
grapher 

Industrial radio
grapher 

Industrial radio
grapher 

Factory worker 

Dicentrics/ 
cells scored 

7D/400 

6D/300 

6D/300 

2D/500 

Biological 
dose (Sv) 

0.27 

0.29 

0.29 

-0.10 

Film badge 
dose (Sv) 

0.15-0.20 

0.22 

? 

0.20-0.60 

Industrial radiography accounted for 35% of accidents 
investigated. In nearly all cases the '"Ir source became 
detached from the windout cable leaving the source unshielded. 
Radiation exposure occurred as a result of the fault not being 
detected until the termination of operations and/or in 
endeavouring to retrieve the source. Accidents involving 
hospital staff were investigated in 37% of cases, particularly 
staff in diagnostic radiology departments. Virtually all 
exposures were low, <0.1 Sv, but were investigated for B.D. as 
the circumstances suggested that the film badge reading might 
not accurately record the true dose. All external exposures 
involved X or y rays except for three accidents involving 
mixed n andy radiation from moisture density gauges. 

Sensational and misleading information was published in 
the media concerning two accidents involving the "public". In 
the first, eight government workers were allegedly exposed to 
a n and y source during clean-up operations following a truck 
accident. Two subjects showed symptoms of acute radiation 
exposure although no breach of the 137Cs and 241Am/Be source had 
occurred. In the second accident involving 11 subjects 
working for a private firm, one of the subjects was reported 
as "minutes away from death". His y exposure was estimated as 
<0.06 Sv and a "zero" biological dose estimate was also 
calculated. 

Details of some of the more interesting types of cases 
investigated are shown in Table 3. 
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Table 3. Highlights of radiation exposures and biological 
dosimetry 

1. Excess film badge readings 

10 subjects with badge readings 0.15-2.50 Sv. 
Explanation 

- nil in 5 subjects 

confirmed by B.D. in 2 

probably malicious exposure in 2 

chemical vapors in 1 

2. Chronic exposures 

- investigation of leukemia 

- 12 months exposure to 740 MBq "Sr through 
wall 

- internal U contamination 

- no details 

3. Non uniform exposures 

- no B.D. estimates reported 

- 4 subjects, fingers or feet 

- all subjects showing 1-2 incomplete cells 
with chromosome aberrations 

4. Occasional dicentrics 

- 8/74 subjects with 1D/300-500 

- 5/8 subjects industrial radiographers 

- no B.D. estimates reported 

There were 8 subjects, including five industrial radio
graphers, where one dicentric was found in 300-500 cells. 
These cases pose a dilemma in biological dosimetry as to 
whether the dicentric can be rightfully ascribed to the 
radiation accident under investigation, to chronic occupation
al exposure or to the spontaneous background rate for 
chromosome aberrations (1D/1500-2000 cells) . 
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The presentation of cytogenetic data in court cases, where 
subjects are seeking compensation for alleged radiation 
accidents involving acute or chronic occupational exposures, 
is a new aspect of B.D. In the latter type of exposure B.D. 
estimates can only be very approximate as the aberration yield 
is influenced by a combination of factors including age, time 
of sampling, differing patterns of dose accumulation and 
variation in lymphocyte kinetics between individuals. In all 
court cases so far the prosecution has used the absence of 
chromosome aberrations as evidence that no significant 
radiation exposure has taken place, despite the lack of 
scientific validity in making such a statement. 

In one case a physicist employed in the radiotherapy 
department of a large hospital was diagnosed as having chronic 
myeloid leukemia at 37 years of age. His film badge records 
showed a total accumulated dose of 0.02 Sv for his 15 years of 
employment with little exposure over the last 7 years. No 
film badge doses exceeded monthly permissible limits. There 
was no history of other radiation exposure or of clastogenic 
drug ingestion. No dicentrics were detected in 1000 cells. 
The subject sued the hospital for negligence, claiming that 
the film badge records did not give an accurate record of his 
actual exposures, particularly during an early 10 year period 
when he was loading and transporting radium sources for 
intracavitary exposures. For this case a probability of 3.9% 
was calculated for the induction of chronic myeloid leukemia 
due to radiation exposure based on the radioepidemiological 
tables of the National Institute of Health (1985). 
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COMPARATIVE STUDY ON SCORING AND IDENTIFICATION 
OF CHROMOSOME ABERRATIONS AMONG 4 LABORATORIES IN CHINA 

Deng Zhicheng 
Institute for Radiation Protection 

and 

Jin Cuizhen, Bei Yushu and Zhang Siuzheng 

ABSTRACT 

The aim of this paper was to examine the differences of meta
phase selection, identification and analysis of chromosome aberration 
among 4 laboratories in China. Based on this comparison a standard 
dose-response curve (mean value of 4 Lab.) and 4 separate curves 
were established. The radiation source was 6 °Co r-rays at dose 
rate lOOrad/min. FPG method was used to analysis first metaphases. 
For the purpose of examining mentioned above differences, 
researchers from 4 laboratories have scored the chromosome number 
and aberration on the same predefined areas of 4 slides. 

The range of cell number selected for analysis was 56.8-65.5% 
with the mean of 61.73%. The frequencies of aberrant cell, Dic+R 
and acentrics varied within the ranges of 38.7-46.8%,30.8-42.6% 
and 19.4-20.6% respectively. There was no significant statistical 
difference in metaphase selection and aberration identification 
among the scorers. 

The four dose-response relationships obtained by each 
laboratory were best fitted by using regression analysis. Three 
best fitting models have been as Y=A Exp(B/D+C) for aberrant 
cells, Y=AD+BD 2 for D+R and Y=C+AD+BD 2 for acentrics, where Y 
is the yield of aberrations, D is the radiation dose in Gy. 
There was more variation of A and B in the latter models than 
those of metaphase selection and identification of this study, 
but all were not significant from the mean curve. The difference 
may be due to scoring criteria of chromosome aberration and 
distribution deviation of aberrations in different slides as well. 
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THE EFFECT OF LOW LEVELS OF IONIZING RADIATION ON 
PERIPHERAL BLOOD CHROMOSOMES 

J. Pohl-Ruling, E. Pohl, P. Fischer 
Division of Biophysics, University of Salzburg, 

A-5020 Salzburg, Austria 
G. Obe (Institute of Genetics, Free University of Berlin, FRG) 

0. Haas (St. Anna Childrens Hospital, Vienna, Austria) 

ABS'rRACT 

The shapes of various dose-effect curves for the frequency of 
chromosome aberrations induced by low doses (up to 0.05 Gy) of 
ionizing radiation turned out to be not linear, as usually 
expected by theory, but rather revealed a plateau in a certain 
dose range. A review will be given of several in-vitro and in
vivo investigations hitherto published. Regarding the rising 
environmental radioactive burden of man information on low dose 
effects and especially of alpha irradiation, e.g. due to radon 
inhalation, is becoming more and more important. Since the 
possibilities of in-vivo studies on people exposed to eleva ted 
levels of alpha emitters are limited, in-vitro experiments have to 
be carried out. The induction of chromosome aberrations with 
alpha particles causes, however, many difficulties regarding the 
chemical toxicity of the radionuclides and the uniform dose 
distribution within the blood sample. To avoid these problems we 
developed out a novel method to expose hwnan blood lymphocytes in
vitro to Rn 222 decay products. Preliminary results confirmed the 
nonlinearity of the dose-effect relationship at very low doses. 
In concordance with our former in-vivo investigations on a 
population living in an elevated radioactive environment the 
aberration rates increase sharply with dose at very low doses and 
allow us to obtain a more accurate dose effect curve in this 
important dose range. 
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THE CYTOGENETIC EFFECTS OF TRITIATED WATER (HTO) IN HUMAN 
LYMPHOCYTES: RBEs AND COMBINED EFFECTS WITH CHEMICALS 

K. Morimoto 
University of Tokyo School of Medicine, 

Department of Public Health 
Hongo 7-3-1, Bunkyo, Tokyo 113, Japan 

ABSTRACT 

Tritiated water (HTO) is expected to be released from 
nuclear-fusion research facilities and power stations in the 
future. Biological effect-monitoring systems should be developed 
to assess and control genetic effects of HTO in both working and 
living environments. The chromosome aberration, a directly
visible change in genetic material, is one of the most sensitive 
indicator of radiation exposure. Human lymphoctyes are also cell 
samples that can be most easily obtained. 

We have performed experiments on human lymphocytes in vitro 
to get information on dose-response relationships between the 
frequency of chromosome aberrations (dicentric and ring 
£~7omosomes; D+R) and radiation doses by tritium beta-rays and 

Cs-gamma-ray. These relations can be readily applicable for 
estimating exposure to the human body. 

Human lymphocytes at G0 were exposed in vitro to HTO (1) to 
obtain the dose-response relationships between exposure and the 
dicentric and ring (D+R) frequency, (2) to see the dose-rate 
effect on the D+R frequency, and (3) to investigate the enhancing 
effect of the combined treatment with metabolic inhibitors on the 
HTO-induced chromosome aberrations. The dose c~v29 obtained was 
shown to be fitted by a power ~~del: Y = 0.2Qg x2 · , or a linear 
quadratic model: Y = 1.5 x 10 X + 1.9 x 10 X , where X is HTO 
exposure in rad and Y is the D+R frequency. When lymphocytes were 
exposed to HTO at 3 different dose rates, it was found that 
exposure at 0. 042 Gy /h produced a 30% smaller number of D+R 
chromosomes than that at 0. 5 Gy I h. In cultures exposed to 2-Gy 
HTO along with various metabolic inhibitors such as cytosine 
arabinoside (ara-C), 3-aminobenzamide (3-AB), hydroxyurea (HU), 
fluorodeoxyuridine (FUdR), Caffeine, and cycloheximide (CHX), a 
remarkably enhanced ratio of D+R frequencies was observed when 
cells were combinedly exposed to ara-C, varying from 2 to 10 among 
lymphocytes from different blood donors. Caffeine, FUdR and 3-AB 
also enhanced HTO-induced chromosome aberrations by 20-50% whereas 
HU and CHX appeared not to affect the D+R frequency. 

Relative biological effectiveness (RBE) was also assessed 
using the chromosome aberrations as a biological endpoint with 
different dose rates. The data indicate that RBEs of HTO beta
particles were 1. 5-1.8 with dose-rates ranging from 0. 3 to 10 
radsfmin, but that the RBE appeared to be several times larger 
with a dose rate of 0.1 rad/min. 
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FLOW CYTOMETRIC QUANTIFICATION OF PERIPHERAL BLOOD 
RETICULOCYTES AFTER RHODAMINE 123 STAINING 

D. Grunwald, J. Prudhomme, P. Laroque, and G. Frelat 
Commissariat a l'Energie Atomique, IPSN, DPS/SPE, 

BP 6, F92265 Fontenay aux Roses, Cedex, France 

ABSTRACT 

The counting of the rare peripheral blood reticulocytes, 
which are immature red blood cells, can be used as an indicator of 
radiation exposure. However, the current microscopic method 
cannot be envisaged on large scale, and more rapid and precise 
techniques are needed. 

Flow cytometry could be one of them. Indeed, some results 
have been still obtained in reticulocyte quantification by 
fluorescent measurement, after staining with acridine orange, 
pyronin Y, thioflavine and cyanin dye DIOC1(3). Nevertheless, the 
fl uorochromes used have several drawbacks such as: difficulty in 
handling, apparatus specificity, low quantum yield, narrow 
Stroke's shifts, and no commercial availability. 

We have set up a flow cytornetric method (ATC 3000, ODAM
Bruker), using rhodamine 123, a common fluorescent probe for 
mitochondrion. The results obtained in reticulocyte detection in 
human and rat blood, showed close agreement between the manual 
method using brilliant cresyl blue, and the flow cytornetric one. 
Indeed, the presence of mitochrondrions have been demonstrated by 
electronic microscopy, and allow to suggest a new operational 
definition of the reticulocyte. 

this new method, 
promising for the 
after irradiation 

Although further work is needed, 
incomparably more rapid and precise, seems 
determination of reticulocyte frequencies 
exposure, especial! in case of mass examination. 
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DETECTION OF HUMAN CHROMOSOME KINETOCHORES BY FLOW CYTOMETRY: 
A NEW TOOL FOR BIOLOGICAL DOSIMETRY? 

D. Grunwald(l), J. Prudhomme(l), J-C. Courvalin(2), 
and G. Frelat(l) 

(l)Commissariat a l'Energie Atomique, IPSN-DPS/SPE, BP 6, F92265 
Fontenay aux Roses, Cedex, France; (2) Centre de Genetique 

Moleculaire, CNRS, F91190 Gif sur Yvette, Cedex, France 

ABSTRACT 

In case of individual exposure to irradiations, the 
microscopic counting of dicentric chromosomes is used to estimate 
the dose level. Unfortunately, this manual method, slow and 
tedious, is unusable for major environmental accidents, and for 
systematical studies of large populations. 

Flow cytometry is able to fast analyse chromosomes according 
to their DNA content, but only sophisticated prototype slit-scan 
apparatus can detect dicentric chromosomes. 

In last years, it has been shown that the blood serum of 
patients with the CREST syndrome of scleroderma, contains 
antibodies against kinetochore, which is the proteinaceous 
structure of the centromeric region, that attaches to the spindle 
microtubules. 

The goal of our study is to 
chromosome centromeres, in order 
relative number of dicentric and 
commercial flow cytometer. 

use such antibodies to label 
to detect and quantify the 
acentric chromosomes with a 

With this aim, different points are to be resolved: (1) the 
kinetochore labelling of chromosomes in suspension, using 
antikinetochore sera and FITC-labelled secondary antihuman 
antibodies; (2) the sensitivity of the flow cytometer used (ATC 
3000- ODAM Bruker), as kinetochore being a very small part of the 
chromosome gives a weak fluorescence; (3) the design of a double 
fluorescent labelling for recognition of the chromosomes; (4) the 
enormous difference of fluorescence between the chomosomal DNA and 
the kinetochore. 

Several of these points have been resolved, allowing to 
demonstrate clearly chromosomal kinetochore detection by immuno
fl ow cytometry. Although there is a lot of work before to use 
this technique as a routine one, our results show the feasibility 
of this chromosome labelling. 

The use of monoclonal antibodies against kinetochores should 
improve the detection of the centromeres and, consequently of 
dicentric chromosomes in irradiated cell population. 
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QUANTIFICATION OF RADIATION TRANSFORMATION FREQUENCIES 

C.B. Seymour and Carmel Mothersill 
Saint Luke's Hospital, Rathgar, Dublin 6, Republic of Ireland 

ABSTRACT 

The relationship between the administered dose of irradiation 
and the frequency of transformation in vitro renains to be clarified. 
Several authors have detected 'bell shaped.,- or plateau type dose 
response curves, where the transformation frequency either reaches 
a constant level or falls off at high doses, even after an 
allowance is made for cell kill. 

We have recently been studying the development of 
transformation in primary thyroid cultures and found a 
characteristic bell shaped curve when our results were corrected 
for initial cell kill using a clonogenic assay. However, we also 
noticed while trying to isolate immortal clones in serial 
subcultures that the plating efficiency of cells contained in 
irradiated survivor colonies in a variety of cell types including 
C3H lOT 1/2 and throid cells was considerably below normal. The 
effect is dose dependent and is significant out to the third 
subculture. This means that using the first survival curve will 
lead to a considerable overestimate of the number of surviving 
cells and a consequent underestimate of transformation frequency. 
Because of the problem of senescence of primary thyroid cells it 
is not easy to quantify the degree to which the effect alters the 
observed transformation frequency but when the effect is taken 
into consideration using C3H lOT 1/2 cells it raises the observed 
transformation frequency based on the initial surviving fraction 
considerably and converts the characteristic plateau type C3H lOT 
1/2 transformation dose response curve to a curvilinear or linear 
response. The results have disturbing implications for the use of 
in vitro transformation data in the assessment of carcinogenic 
risk. 
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RADIATION EFFECT ON HUMAN DIPLOID CELLS 

Tang Pei, Wang Shoufang and Chang Shuxion 
Institute for Radiation Protection, MNI 

ABSTRACT 

We studied in vitro the influence of 239 Pu0 2 with MMD 1.3um 
on short-term effect and long-term effect of human diploid cell 
population called 2BS cell line that is human embryo lung 
fibroblasts. The short-term effect includes proliferation, 
surviving fraction and ultrastructural changes. The long-term 
effect involves life-span shortening and transformation of the 
cells. 

The short-term effect observed is that the changes of 
proliferation and surviving fraction of the cell line was 
significant following exposure at concentration of 0.0006uCi/ml 
observed for a week. On the 7th day after exposure the 
proliferation of control and treated cells was 10.5 and 4.88 PDN 
(population doubling number) and the surviving rate of them was 
96% and 56.3% respectively. 

For the long-term effect studies, the follow-up observation 
for 12 groups of culture exposed to 239 Pu0 2 was made. In three 
groups exposed at 0.003uCi/ml, the shape of the cells became 
shorter and shorter and their life-span shortened with higher 
mortality appearing early death. In 7 cultures exposed at 
0.0015uCi/ml, the similar changes of cell morphology were the 
same as above and their life-span was shortened by 58.7% 
averagely. In other cultures at same concentration, not only 
the life-so~n was not shortened but it was longer than that on 
the controls. At last they appeared epithelium - like shape 
of transformed cells. 

By electron microscopy the treated cells revealed sinking 
of the nuclear membranes into nucleus and hypertrophy of the 
nuclealus with netted stracture. The nuclear volume increased 
largely and the ratio between nucleus and cytoplasm increased 
as well. 

In this paper we provided the data of human cells in vitro 
for radiation protection, which are considered important in 
the absence of human experiment conditions. 
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THE INFLUENCE OF Cs-137 ON THE TRANSMEMBRANE_ RESTING 
POTENTIAL AND ON THE PROLIFERATION OF HUMAN LUNG CELLS 

B. Reubel, M. Huber and F. Steinhausler 
Div. of Biophysics, Univ. of Salzburg, 
Abteilung fur Biophysik, Hellbrunnerstr. 34, 
5020 Salzburg, Austria. 

ABSTRACT 

Since Cs-137 was a main fallout product detected after the 
Chernobyl accident. it is of primary interest to investigate the 
effects of this radionuclide on human cells. Human embryonic lung 
fibroblasts in vitro allow experiments under standardized and 
reproducible conditions. Specific Cs-137-activities in the range 
of 0.56 Bq/g u~ to 1850 Bq/g were produced in the cell growth 
medium. The transmembrane resting potential (TMRP), measured with 
the aid of glass microelectrodes. was used as an electrophysical 
parameter. The TMRP is an indicator for changes of the cellular 
membrane and physiology such cts due to transformation processes 
or radiation damage. The changes of the TMRP of the cells after 
exposure to dJffcrent doses of beta-rays are evaluated by 
statistical ancdys1s and reldted to membrane and physiology 
changes. 
In addition, microscopical observation and recording of cell 
growth make it possible to study the influences of Cs-137 on cell 
proliferation. 
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THE NECESSITY OF REVISING OF A-BOMB SURVIVORS DATA 
IN RESPECT OF INDIVIDUAL SENSITIVITY TO RADIATION 

T.M. Domanski 
Institute of Occupational Medicine 

0-950 Lodz; P.O. Box 199, Poland 

ABSTRACT 

Nowadays reconsideration of 'dose-response' relation in A-bomb survivors 
data is mainly concerned with the re-evaluation of doses. However, new 
findings on the individual sensitivity of organism to ionising radiation 
imposes the real necessity of reconsidering the data on A-bomb survivors. 

These findings are described briefly in the paper. They are as follows: 

- the endogenous content radioprotective enzyme - Superoxide Dismutase (SOD)
that naturally exists in the body, in healthy, non-exposed, human white 
population varies in the interval of three ranges of magnitude~ 

- the endogenous content fluctuates during the human life but generally 
remains of the same level, 

- the experiments with animals (with similar to human distribution of SOD 
enzyme in organism) reveal that the survival of acute dose of low-LET 
radiation is the simple, proportional function of endogenous SOD content in 
the body, moreover, 

- the freqency of chromosomal aberrations strongly depend on the SOD 
endogenous level in lymphocytes. The subgroups with different levels of SOD 
reveal 3-fold difference in chromosomal aberration at the same level of 
exposure. 

Therefore, these observations impose the absolute necessity of reconsidering 
the A-bomb survivors data in respect of possible individual and ethnic 
differences in natural endogenous content of SOD. 

Paper to present the above mentioned findings and briefly discuss,giving 
proposals of possible research projects regarding A-bomb survivors and other 
naturally or occupationally exposed populations. It seems to be reasonable 
that these ideas would be considered by interesed researchers and relevant 
scientific organisations (ICRP, IAEA, WHO) for possible initiation of 
scientific study or modifying present studies. 
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CELLULAR METABOLISM OF URANIUM AND THORIUM. 
A STUDY BY ANALYTICAL MICROSCOPY 

P. Galle and Ph. Hallegot 
Faculte de Medecine Laboratoire de Biophysique 

8, rue du General Sarrail 94000 Creteil, France 

ABSTRACT 

Two actinides, Uranium and Thorium have been injected as soluble form in rats, 

and tissues (Liver, bone marrow and kidney) have been studied with two 

methods of analytical microscopy : Electron probe X rays Microanalysis and 

Nuclear Microscopy. It has been shown that these elements are concentrated in 

a non soluble form in different varieties of cells. In the liver Uranium and 

Thorium are observed in hepatocytes, in the bone marrow the elements are in 

the macrophages and in the kidney .they are in the proximal tubule cells. 

In each of these cells, uranium and thorium are specifically concentrated by the 

lysosomes where high concentrations have been measured. In these lysosomes, 

the actinides are precipitated as insoluble phosphates. 

The mechanism of intralysosomial concentration is explained by the hight 

phosphatase activity of these organelles. 

In the kidneys the intralysosomial concentration and precipitation are followed 

by a renal elimination of these elements expelled in the tubular lumen as 

microscopic crystals. In hepatocytes and bone marrow macrophages, the 

actinides may stay for a long time inside the cells and chronic intoxication may 

produce high local concentrations of these alpha emitters. 
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SURVIVAL OF V79 CHINESE HAMSTER CELLS IRRADIATED WITH 
HIGH-LET PROTONS: IMPLICATION FOR THE RBE-LET 

RELATIONSHIP. 

M B 11 . (a,b) R Ch h' · (c,d) S F' tt (c) G.MoschJ.'nJ.' (c,d), . e J. (a) , : ery~tnl. , • ~n~,a~b) , 
O.Sapora , G.SJ.mone , M.A.TabocchJ.nJ. . 
(a) Physics Laboratory, Ist.Sup.Sanita, Rome Italy; (b) INFN-Sez. 
Sanita, Rome, Italy; (c) Lab.Naz.Legnaro-INFN, Padova, Italy; 
(d) Dip.Fisica, Univ.Padova, Italy; (e) Ist.FRAE-CNR, Bologna, 
Italy. 

INTRODUCTION 

Information about the biological efficiency of high linear 
energy transfer (LET) radiations is considered relevant to radia
tion protection because of: 

(i) the increasing use of densely ionizing particles in several 
human activities; 

(ii) the need for a better understanding of the basic mechanism 
of radiation action. 

A particular interest should be deserved to the biological 
effects of low-energy protons. Neutrons exert their action mainly 
through proton recoils in the MeV range and a great part of the 
dose delivered by high-energy protons used for therapeutical 
applications is concentrated in the low-energy, high-LET region 
near the path end (Bragg peak). However, experimental work in 
this field is scarce and limited to relatively high energies. 

We have studied the survival of V79 Chinese Hamster cells 
irradiated with proton beams in the energy range of 0.73-3.36 
MeV, corresponding to an average LET inside the cells of 10.6-
34.5 keV/)..llll. 

MATERIALS AND METHODS 

Irradiations with monoenergetic proton beams have been 
performed using the facility for radiobiological studies, set up 
at the 7 MV Van de Graaf accelerator of the INFN-Laboratori 
Nazionali di Legnaro, Padova(l). X-rays produced by an apparatus 
operating at 200 kV with a 0.2 mmcu filter have been used as 
reference. 

Survival curves have been obtained in the dose range 0.5-~ 
Gy, at the dose rate of 1 Gy/min. 18 hrs before irradiation, lxlO 
V79 cells were seeded in each stainless steel Petridish especial
ly designed to fit the beam geometry. The cells were grown at 
37°C as a monolayer attached to a mylar foil, having an area of 
133 mm~, placed at the bottom of the dishes. The cell monolayer 
was exposed to the beam through the mylar foil. 
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Immediately after irradiation the cells were detached by 
trypsin-EDTA treatment, counted, diluted and plated at the 
appropriate concentration. After 8 days of incubation at 37 °C, 
the survival was calculated by scoring the number of visible 
clones. 

RESULTS AND DISCUSSION. 

Fig.1 reports the survival curves for V79 cells irradiated 
in air with protons having energies of 3.36, 1.62, 1.16 MeV 
(Fig.1 A), 0.84 and 0.73 MeV (Fig.1 B), in the dose range 0.5-
6.0 Gy. The energy values are referred to the incident surface of 
the cells. Both LETs and doses are expressed as the average 
values calculated at 3 ~ depth, assuming a thickness of 6 ~ for 
the cell monolayer. Each data point represents the mean of 4-10 
individual experiments with one standard error of the mean. 

In fig.1A experimental data were fitted using the expression: 

S = exp(-aD-13D2 ) 

Increasing the LET, the initial shoulder of the survival 
curves tends to disappear. Linearity is reached at 23.9 keV/~ 
where the 13 coefficient results statistically irrelevant. 

r::: 
0 

·.;::::; 
u 
r! ..... 

A.~> 0.84 MeV 
e,o 0.73 MeV 

B 

Fig. 1 - Survival curves of V7 9 10-3L---'----L--'----'----'------:~--' cells irradiated with proton 0 
beams in the energy range 0.73-
3.36 MeV. Data obtained with 
X-rays are reported for comparison. 
Dotted lines in panel B represent 
the exponential parts of the fitting equation. The open symbols 
are the experimental data corrected for the fraction f. 
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For higher LET, such as those considered in Fig. 1B, the 
survival data show a tail at high doses, leading to apparent 
negative beta values when they are interpolated with the 
linear-quadratic expression. This effect cannot be explained in 
terms of LET variations and/or proton "loss" inside the cell 
monolayer. There are reasons to believe that it is presumably due 
to a portion of not flat, poorly attached or shielded cells 
receiving an attenuated dose of radiation. Assuming as a first 
approximation that a fraction f of cells has received no dose at 
all, we used the expression: 

S = (1-f) exp(-aD)+f 

to fit these data. The dotted lines show the fitting of the 
corrected data using the exponential part of the latter 
expression. 

Table I lists the survival parameters obtained from the best 
fit procedures. The ratio a/ax reported in the last column can be 
considered as the RBE at low doses. It can be seen that it 
increases with the LET, showing a maximum at about 24 keV/~ and 
decreases at higher LET values. Our data are consistent with 
those recently reported for 5.8 and 12.1 keV/~ protons (5). 

Table I 

Radiation a/Gy -1 13/Gy- 2 f a/ax 

x-rays 0.128+/-0.023 0.046+/-0.005 1.0 
Protons 
10.6 keV/~ 0.378+/-0.031 0.040+/-0.009 2.9 
17.8 keV/~ 0.586+/-0.052 0.037+/-0.016 4.6 
23.9 keV/~ 0.938+/-0.019 7.3 
30.4 keV/~ 0.803+/-0.059 0.061+/-0.007 6.3 
34.5 keV/~ 0.536+/-0.040 0.189+/-0.015 4.2 

Interesting suggestions can be drawn comparing the RBE-LET 
relationships for protons and other particles (Fig.2). The curve 
appears shifted to lower LET values when compared to the results 
obtained with alpha particles and heavier ions (2, 3, 4). There
fore, in the rising part of the curve the RBE for protons is 
higher than that of alpha particles of comparable LET. 

Preliminary data on the induction of HGPRT 
consistent with this finding. 

mutants are 

These results suggest that: (i) the LET could not be a 
suitable parameter of radiation quality and (ii) the quality 
factor evaluation based on the "classical" RBE-LET relationship 
(4) may not be of general validity. It appears that differences 
in the track structure, at the sub-micrometer level, among 
different types of radiation are of biological significance. 
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Fig.2 - RBE-LET relationships for protons and other particles. 

This points out the importance of an approach based on the 
microscopic distribution of the energy deposited by radiation in 
relevant targets. 
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INTERNAL CONTAMINATION WITH SEVERAL RADIONUCLIDES 
AND METHODS OD THERAPY 

Biserka Karga~in and Krista Kostial 
Institute for Medical Research and Occupational Health 

Zagreb, Yugoslavia 

INTRODUCTION 

In cases of accidental exposure in the environment, internal 
contamination is likely to include several radionuclides. Special 
concern should be given to radioactive strontium, caesium, iodine 
and to highly radiotoxic transuranium elements. Efficient 
therapeutic agents for reducing retention of single radionuclides 
are already in use for radiological protection purposes i.e. 
alginate for radiostrontium (Skoryna et al., 1964), 
ferrihexacyanoferrate(II) for radiocaesium (Madshus et al., 
1966), potassium iodide for radioiodine (Ramsden et al., 1967) 
and diethylenetriaminepentaacetic acid (DTPA) for transuranium 
elements (Catsch and Harmuth-Hoene, 1979). It would be desirable 
to devise a therapeutic regimen which would reduce the body 
burden not only of one but of all the radionuclides that present 
a hazard and which at the same time is simple to apply. Such 
treatment involving necessarily simultaneous administration of 
several different therapeutic agents could modify the efficacy of 
each agent or cause other adverse effects due to interactions 
between them. Studies presented here are related to the problem 
of internal contamination with several radionucl ides and 
therapeutic treatment administered. 

ANIMAL STUDIES 

MATERIALS AND METHODS 

The experiments were performed on 6-8-week-old female albino 
rats (about 150 g body weight). The animals were divided into 
three groups according to the therapeutic treatment administered. 
The first group, CONTROL, was fed standard rat diet: the second, 
MIXTURE + Ca-DTPA, was given food supplemented with the mixture 
of 15 g calcium alginate *· 2.5 g ferrihexacyanoferrate(II)§ and 
0.015 g Kl# per 100 g of diet and received also chelating agent 
Ca-DTPA intraperi toneally (380 J.Lmol/kg body weight): the third 
group, MIXTURE + Zn-DTPA, received the aforementioned mixture of 
therapeutic agents in food together with 3.3 mmol Zn-DTPA per 100 
g of diet. On the second day of the experiment, the animals 
received 74 kBq Sr-85, 37 kBq Cs-137, 740 kBq 1-131, 1850 kBq 
Ce-141 orally or 37 kBq Ce-141 intraperitoneally. 

The complexing agents Ca-DTPA or Zn-DT.PA-- were prepared by 
dissolving diethylenetriaminepentaacetic acide in distilled water 

*Alginate Industries Limited, London, England. 
§Radiogardase-Cs, Heyl and Co., West Berlin, FRG. 
#Kemika, Zagreb, Yugoslavia 
eFluka, A.G., Buch, S.G., Switzerland. 
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in the presence of an equimolar amount of calcium or zinc 
chloride and neutralizing it with 20% NaOH to pH 6.4. Ca-DTPA was 
administered in traperi toneally while Zn-DTPA was added to 
standard rat diet which was ground and already mixed with calcium 
alginate, ferrihexacyanoferrate{ II) and KI. The therapeutic 
agents were administered in food during the first three days of 
the experiment (·one· day before and two days after radionuclide
administration) and afterwards the animals were fed standard rat 
diet. 

Radionuclides of Sr-85, Cs-137 and Ce-141 were supplied 
from New England Nuclear, Dreieicho, as chlorides of high 
specific activity. Radioiodine was supplied from the Institute 
"Boris Kidri~"- Vin~a€, as natrium iodide of high specific 
activity. All the animals except those which received Ce-141 
orally were killed six days after radionuclide administration. 
Those which received Ce-141 orally were killed after 24 hr 
because of its low intestinal absorption. The radioactivity in 
the whole body, carcass and gut was determined in a 
single-channel, twin-crystal scintillation counter {3X3" 
cylindrical Nai{Tl) crystals) and of the organs in an automatic 
well-type scintillation counteroo. All values are expressed as 
percentage of the administered dose and presented as arithmetic 
means and standard error of the means. 

RESULTS 

Oral administration of alginate, ferrihexacyanoferrate(II) 
and KI together with intraperitoneal application of Ca-DTPA 
reduced the whole body retention of orally administered Sr-85 
about 5 times, Cs-137 retention was reduced about 56 times and 
I-131 retention about 8 times while retention of 
intraperitoneally administered Ce-141 in liver and bone was 
reduced about 10 times. In case of simultaneous oral 
administration of all therapeutic agents (calcium alginate, 
ferrihexacyanofe~rate{II), potassium iodide and Zn-DTPA), the 
retention of orally administered Sr-85, Cs-137 and I-131 was 
reduced 9, 40 and 11 times respectively while retention of 
intraperitoneally administered Ce-141 was reduced 1.4 times. The 
very low retention of orally administered Ce-141 was 
significantly increased by administration of the mixture and 
Zn-DTPA. Compared to controls the whole body and bone retention 
were increased 2.5 and 10 times respectively. 

DISCUSSION 

Simultaneous oral administration of the mixture of calcium 
alginate, ferrihexacyanoferrate( II) and KI with intraperitoneal 
(Ca-DTPA) or oral (Zn-DTPA) administration of chelating agent did 
not diminish the efficacy of the single antidotes. The retention 
of intraperitoneally administered Ce-141 was less reduced by 

oNew England Nuclear, 6072 Dreieich, FRG. 
€Boris Kidri~ Inst. for Nucl. Sci., Vin~a. Beograd, Yugoslavia. 
ooNuclear Chicago, 2000 Nuclear Drive, Des Plaines, IL 60018. 
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orally administered Zn-DTPA than by intraperi toneally 
administered Ca-DTPA. The difference in effectivenes in our 
experiment is probably due to the lower efficacy of Zn-DTPA in 
comparison to Ca-DTPA when it is administered immediately after 
the radionuclide (Seidel, 1976). Increased values of Ce-141 
retention after its oral administration together with chelating 
agent are due to the fact that oral chelation therapy enhances 
intestinal absor~t,~n of ingested transuranium elements for whic~ 
chelation proves to be an efficient therapy. However, it also 
enhances the elimination of the chelated metal. The ultimate body 
burden may therefore be only slightly higher than if the 
chelating agent had not been employed. In our experiment 
measurements were done 24 hr after Ce-141 oral administration 
i.e. at a time when most of the chelated Ce-141 was not yet 
eliminated. We therefore assume that cerium retention values in 
these animals would be much lower if allowing enough time for 
cerium elimination. 

The results obtained indicate that Ca-DTPA or Zn-DTPA did 
not cause a loss of efficacy of antidotes from the mixture nor 
did the antidotes from the mixture alter the effect of chelating 
agents. All four therapeutic agents can be used together without 
undesirable interactions. Very high efficacy of parenterally 
administered Ca-DTPA can not be reached by much higher oral doses 
of Zn-DTPA, especially in cases of their immediate administration 
after radionucl ide entry in the body (Taylor and Volf, 1980). 
However, Zn-DTPA has substantially lower toxicity than Ca-DTPA 
and ,its oral administration would greatly simplify the therapy 
especially in cases of prolonged treatment 

HUMAN STUDIES 

In order to obtain relevant information in humans we used a 
similar therapeutic treatment and examined its effect on I-131 
and Sr-85 uptake in four adult volunteers (one man and 3 women). 
Three of them received two oral doses of radioactive iodine I-131 
(185 kBq each). 'The second dose of I-131 was administered 13 days 
after the first one. The subjects fasted 10 hr before and 4 hr 
after radionuclide administration. Uptake values after the 
antidote treatment were measured after the first radioiodine 
administration and normal uptake values for each subject were 
taken after the second I-131 dose. Measurements were made 2, 4 24 
and 48 hr after each radioiodine administration. The antidote 
treatment consisted of 10 g calcium alginate, 3 g 
ferrihexacyanoferrate(II), 130 mg potassium iodide and 5 g 
Zn-DTPA in a volume of about 150 ml water. The antidote treatment 
was given 30 minutes before the first I-131 administration. 
Normal I-131 thyroid uptake values 24 hr after radionuclide 
administration were 26, 42, 30% in three subjects. After antidote 
treatment the respective I-131 values were 0.5, 1.3, 0.9 % 
indicating the almost complete block of thyroid uptake. This 
indicates that simultaneous administration of other antidotal 
agents do not cancel or decrease the effect of potassium iodide 
on I-131 thyroid uptake. 

In the separate study one of the volunteers received the 
same therapeutic treatment as in aforementioned study but the 

1182 



radionuclide administered was Sr-85. Two oral doses of Sr-85 were 
administered within the interval of 8 days. The first dose was 
given together with the therapeutic treatment while after the 
second dose no treatment was given. The plasma radioactivity 
level was used as indicator of radiostrontium absorption.The 
results were expressed as percentages of the oral dosage per 
liter of plasma. Plasma radioactivity was 0.1%/L after the first 
and 1.8%/L after.,~~e second Sr-85 administration. The therapeutic 
treatment reduced 'radiostrontium absorption by a factor of 18. 
This is in agreement with the results of Hodgkinson and 
collaborators {19.67) obtained in subjects who were without a 
treatment (control values) or received 4 g of sodium alginate. 
Presence of other therapeutic agents had no effect on the 
efficacy of alginate to reduce radiostrontium absorption. 

The results obtained deserve attention since simultaneous 
administration of several therapeutic agents {alginate, 
ferrihexacyanoferrate{II), KI and chelating agent} might present 
a convenient method for early and delayed therapy of internal 
contamination with biologically dangerous radionuclides.This may 
be importand in cases of increased exposure in the environment in 
situations where radionuclide identification is difficult or 
impossible to make before administration of the therapy. 
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RADIATION PROTECTION BY BOTANICAL EXTRACT FROM ARALIACEAE FAMILY 

M. Yonezawa, N. Katoh and A. Takeda 
Radiation Center of Osaka Prefecture, Sakai, Osaka 593, Japan 

A single post-irradiation injection of a ginseng extract 
increased the 30-day survival ratios of X-ray-irradiated mice, 
rats and guinea pigs. The injection accelerated the recovery of 
hemogram (erythrocyte, leukocyte and thrombocyte couts), 
particularly strongly that of thrombocyte count, commonly in the 
three species of the experimental animals. The extract increased 
the 30-day survival ratio, but stimulated recovery of only 
thrombocyte count in splenectomized mice. We consider that the 
recovery of thrombocyte count is one of the most important 
factors for the decrease in bone marrow death after acute 
ionizing irradiation. 

Extracts from several plants of Araliaceae family also 
showed similar radioprotective activity on X-irradiated mice. 
Those plants are Acanthopanax senticosus (Rupr. et Maxim.) 
Harms., Aralia cordata Thurn., Aralia elata (Miq.) Seem. and 
Tetrapanax papyrifera (Hook.) Koch. 

Ginseng (root of Panax ginseng C. A. Meyer) is a plant of 
Araliaceae family, and has been considered as the most prized 
medicinal tonic herb in China, Korea and Japan. A partially 
purified aqueous-buffer extract or saponins of the plant was 
reported to posess hematopoiesis-stimulating activity (1 ). We 
applied the ginseng extract to the irradiated laboratory animals 
and confirmed that the extract has radioprotective activity even 
administered after irradiation. 

The extract was prepared by the following procedures; 
extraction of powdered ginseng with 0. 05 r1 Tris-HCl buffer (pH 
7.6) by stirring for 1-2 days at 4 °C, centrifugation of the 
filtrate, concentration (about 1/4 volume) of the supernatant, 
ammonium sulfate (0.7 saturation) precipitation, dialysis, and 
lyophilization. This preparation corresponds to fraction 3 of 
the purification procedure of ginseng saponin described by Oura 
et al. ( 2). In some experiments the thermostable supernatant 
fraction was used which was obtained after heating ginseng 
extract dissolved in physiological saline (adjusted to pH 7) in a 
boiling-water bath for 15 min. 

When mice were irradiated with 7.2 Gy of X-rays they died 
from 10 to 20 days after the irradiation. Injection of the 
extract within 5 min after the exposure increased the 30-day 
survival ratio with increasing dose of the extract as shown in 
Fig. 1. Even a dose of 1.8 mg resulted in a significant (p<0.001) 
radioprotection. Injection of the extract 2.5 hr after 
irradiation was samely efficacious as just after irradiation (3). 

Radioprotective activity of the extract on rats and guinea 
pigs are shown in Table 1 and 2, respectively (4). 

An extract similarly prepared as noted above from 
Acanthopanax senticosus (Rupr. et t-laxim.) Harms, another plant of 
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Fig. 1. Effect of dose of the ginseng extract on the survival of irradiated mice. 
Forty animals were used for each group. The extract was i. p. injected after 
irradiation of 720 R. 

Table I. Radioprotective effect of the thermostable fraction of ginseng extract in 

rats irradiated with 825 R of X-rays. 

Injection Dose (mg) Dose ratio* 1) 

Thermostable fraction 6.0 1.0 

Physiological saline 0.0 

* 1) Ratio of dose to body weight compared with that for mice. 
*2) Numbers in parentheses show the number of animals. 

30-Day survival 
Statistics 

ratio(%) 

80.0 (40)* 2
) P<0.001 

30.0 (40) 

Table 2. Radioprotective effect of the thermostable fraction of ginseng extract in 

guinea pigs irradiated with 325 R of X-rays. 

Average 
Dose Dose 

30-Day survival ratio(%) 
Sex body (mg)*l) ratio* 2 ) 

weight (g) Experimental 

Male 357 26 1.2 45.0 (20)* 3 ) 

Male 288 72 4.1 47.2(36) 

Female 294 76 4.3 65.0 (20) 

* 1) Injected in 4.0 ml of physiological saline per 300 g of body weight. 
*2) Dose to body weight compared to that for mice. 
* 3) Numbers in parentheses show the number of animals. 
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Control 

40.0 (20) 

10.0 (40) 

10.0 (20) 

Statistics 

P>0.05 

P<0.001 

P<0.01 



Araliaceae family, also decreased the incidence of bone marrow 
death in mice (Table 3). Recovery of hemograms in X-irradiated 
mice was accelerated by the extract (5). The effect was most 
pronounced on the recovery of thrombocyte counts, as in the case 
of ginseng extract. 

Table 3. Radioprotective effect of Acanthopanax senticosus extract 

Group Dose 
Extract 
Control 

(mg/animal) 
8.2 

0 

30-day survival ratio 
70.0 (?l/30) 
2.5 ( l/40) 

(%) Significance 

p < 0.001 

Methanol-solble fraction of both ginseng and 
extracts failed to protect the irradiated mice 
results show that the radioprotective principles in 
were not low molecular weight substances such as 
eleuterosides, originally thought to be the active 
the plants. 

A. senticosus 
( 5, 6). The 
the extracts 

saponins or 
principles in 

We then improved the preparation procedure of the extracts 
to an easier and simpler one. Chopped dry herb was decocted with 
10 vol/wt of water. The filtrate was centrifuged, and the 
supernatant was concentrated to a syrup with a rotary evaporator 
under reduced pressure. The syrup was dropped into 10 volumes of 
ethanol. The precipitate was collected by centrifugation, and 
dissolved in a small amount of water. Dried extract was obtained 
after lyophilization. 

Extracts prepared from plants of Araliaceae family by the 
preceding procedure were subjected to examine their 
radioprotective activity. Injection dose per mouse (about 30 g of 
body weight) was beforehand determined by measuring body weight, 
splenic weight and observing coat of fur on the next day after 
injection. Table 4 shows that Aralia cordata Thurn., Aralia elata 
(Miq.) Seem. and Tetrapanax papyrifera (Hook.) Koch are 
radioprotective, and Hedera rhombea Bean, Gilibertia trifida 
Makino, Fetsia japonica Decne. et Planch and Acanthopanax 
Sieboldianus Makino are not. 

Table 4. Radioprotective activity distribution in Araliaceae plants 

Name of plant Dose (mg) Survival Significance 

Control 0 3/40 
Aralia cordata Thurn. 9.0 22/40 p < 0. 001 

Control 0 l/40 
Aralia elata (Miq.) Seem. 8.2 12/40 p < 0.01 
Hedera rhombea Bean 22.0 5/40 p > 0.05 
Gilibertia trifida Makino 18.0 3/40 p > 0.05 
Fetsia japinica Decne. et Planch 27.0 2/40 p > 0.05 

Control 0 5/40 
Acanthopanax Sieboldianus Makino 9.0 6/40 p > 0.05 
Tetrapanax papyrifera (Hook.) Koch 24.0 14/40 p < 0.05 
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A NEW RADIOPROTECTIVE MEANS BY STIMULATING BODY 
DEFENSE MECHANISM AND METALLOTHIONEIN INDUCTION 

Junko Matsubara, Atsuko Ikeda and Tohru Kinoshita 
Dept. of Epidemiology, Faculty of Medicine, 

University of Tokyo, Hongo 7-3-1, Bunkyo, Tokyo, Japan 

ABSTRACT 

Radioprotective means against damage due to lethal dose of 
radiation was found by the administration of heavy metals or 
irnrnunostimulants, or subjecting the organism to some kinds of 
stresses. Mice were subjected to various treatments prior to 
the whole body single irradiation of lethal dose X rays, 5 - 9 Gy. 
Treatments performed were (a) Subcutaneous or intraperitoneal 
injection of metal ion, e.g. CdC1 2 , MnC1 2 or Zn acetate, (b) 
Intraperitoneal injection of irnrnunostimulant e.g. OK-432, PS-K 
or Il-l, or (c) Excision of 2 x 2 cm 2 portion of dorsal skin. 

LDso during 30 days of post-irradiation in the pretreated 
mice were 1.5 - 2.0 Gy higher than that of the irradiated 
control mice without treatment. Pretreated mice which had 
showed strong tolerance against radiation had always higher 
contents of metallothionein in their liver during 0 - 3 days 
of post-irradiation period, i.e. ten to twenty tomes of 
metallothionein level in comparison to the control animal without 
treatment. 

This method provides a new and powerful means of protection 
against radiation within the body with almost no adverse effect, 
as the parallel to the usual exogeneous controls of radiation 
exposure. 
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TRITIUM METABOLISM IN ANIMALS AND ESTIMATION OF THE ACCUMULATED 
DOSE 

Masahiro Saito and Masahiro R Ishida 
Research Reactor Institute ,Kyoto University 
Kumatori-cho, Sennan-gun, Osaka 590-04, Japan 

We aimed to establish a beneficial model for the prediction 
of dose commitment in man after receiving tritium . For this 
purpose mother mice and their offsprings were used as a model 
system ot tritium transfer and the accumulated dose was 
estimated for various organs. 

When the newborn mice were nursed by the radioactive 
mothers, the total radioactivity per gram tissue decreased 
initially afer birth and at 2 weeks after birth it reached 80 -
90 % of the level at birth. Between the second and the forth 
week after birth it increased and after deletion of the tritium 
source rapidly decreased. In another experiment where the 
newborn mice were nursed by the non-radioactive mothers, tritium 
was eliminated from the animal bodies exponentially. These 
experiments revealed that the major portion of tritium activity 
is contained in the acid soluble component as long as T-TdR was 
supplied prenatally or neonatally. The analysis of the acid 
soluble fraction showed that it contained more than 95 % of free 
water except for the heart at birth. Considering the fact that, 
at 2 - 3 weeks after birth, weaning of the newborn animals takes 
place and they begin to ingest tritium orally, it is suggested 
that more than about 95% of the OBT orally ingested and absorbed 
from the gastrointestinal tracts was catabolized to HTO before 
incorporated into DNA . 

The DNA-bound tritium exhibited a time dependence being 
quite different from the total tritium . The tritium activities 
for the both cases decreased almost in parallel with each other 
until 2 weeks after birth. After weaning which occurs at 2- 3 
week after birth the difference of the DNA-bound radioactivity 
became obvious between the two types of experiment especially in 
rapidly proliferating organs such as spleen, liver, stomach, 
intestine and thymus. This observation suggested that thymidine 
as a DNA precursor is transfered to embryos placentally but 11ot 
to the milk components. 

The fate of incorporated tritium in the offsprings nursed by 
the mothers ingested with HTO had been studied . The biological 
half-lives and intitial concentrations of major components can be 
obtained by the curve fitting (Fig. 1 ). The half-life for the 
first component took the value between 2.2 and 2.6 days. The 
second component had the half-lives between about 10 and 16 days 
and the third component exhibited halflives between about 110 and 
160 days. The acid soluble component was the rate limiting factor 
of tritium retention at the initial stage of animal growth. 
The acid-soluble component contained tritium activity which 
decreased in percent contribution with further animal growth. At 
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3 weeks after birth, the patterns of tritium distribution to 
various molecular components in various organs were are similar 
to each other while they tended to be organ-specific after a 
long-term experiment. At 10 -15 weeks after birth, in the 
liver,intestine and kidney the DNA component became the major 
determining factor of tritium activity while in the lung and 
heart, the protein component. 

Tritium was most strongly retained in the brain. This was 
due to the high tritium retention in the lipid component of the 
brain. The slow component of the total tritium retention 
curve can be interpreted by low turnover rates of lipid-,DNA- and 
protein-bound tritium. At 41 weeks after birth, the largest 
contribution to the total tritium activity in the spleen , the 
liver and the lung was found for the lipid (27 % ), the DNA (52 
%) and the protein component (54%), respectively. Thus for each 
organ there were molecular components critical for dose 
accumulation (Fig. 2). 

100 
A 

10
5 

80 +-··+-_1 
60 

r-

~/1 z 1.0 
w 
u 

' cr 
10 15' 20 

w 10 15 20 25 30 35 1.0 
ill WEEKS AFTER BIRTH 
<11 

~10 100 

~ B 
cr 
~ 80 

a! 
2 

60 
10 

!z 1.0 
w 
~ 

----\> 15' 20 

I 
10 0 

0 10 15 20 25 30 35 1.0 0 10 15 20 25 30 35 1.0 

WEEKS AFTER BIRTH WEEKS AFTER BIRTH 

Fig.1 (left) Total tritium activity in various organs of mice 
after supplied with tritium as milk components from their mothers. 
( o) ,the brain; ( •) ,the lung; ( r:,) ,the intestine; ( •) ,the liver. 
Fig.2(right) Percentage contributions of various molecular 
components to the total tritium activity in mice given tritium 
from their mothers. A,the brain;B,the lung. ( o ~,acid soluble 
component; ( r:, ) ,lipid; ( o) ,DNA; ( • ) ,protein. 
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The percent contribution to the total dose of the acid 
insoluble components was organ-specific and was between about 17 
and 42 %.(Table 1 ). The contribution of organically -bound 
tritium to the committed dose equivalent would become much 
greater if the period of dose accumulation is extended to the 
life span of the animals. This finding indicates that the 
contribution of organically-bound tritium to dose commitment is 
comparable to the contribution of the free water component. 

Table 1 Percent contributions of various molecular components to 
to the total accumulated dose in newborn mice which 
received tritium through suckling stage from mothers 
which are given HTO as drinking water. 

Organ Acid Lipid RNA DNA Protein Total acid 
soluble insoluble 

Spleen 83 7 1 3 6 17 
Liver 84 11 1 < 1 4 1 7 
Intestine 83 1 2 1 1 3 1 8 
Lung 79 8 2 3 9 21 
Kidney 83 9 < 1 2 5 1 7 
Heart 82 8 1 1 8 18 
Brain 58 30 < 1 < 1 11 42 

Tritium localization to specific subcellular components or 
structures must be emphasized for OBT since OBT is retained in 
the cell to more extent than LT and inhomogeneity of tritium 
distribution becomes more and more evident by extending the 
period of observation after deletion of tritium source or during 
chronic ingestion. We attempted to determine the dose 
modifying factors (DMF) for DNA and protein-bound tritium. 
Various cytological factors relevant to DMFs were determined 
experimentally. Computer simulation works were performed to 
help these works. 

The absorbed dose due to nucleus-bound tritium decreased 
with a decreasing cell diameter since the extent of the edge 
effect becomes more and more evident with decreasing the nucleus 
diameter. The energy deposition in the cell nucleus was reduced 
by 30 and 20 % for the spleen and the intestine respectively, 
compared with the dose to a nucleus with an infinite diameter. 
The accumulated dose in the cell nucleus of the newborn mouse was 
calculated using the values of specie activitiy of DNA. The 
values of the DMF for DNA-bound tritium under the present 
experimental condition are also given in this table. 

Organ-specific dose accumulation was obvious from the 
experiment using newborn mice. Such organ-specificity of the dose 
from DNA-bound tritium was interpreted by the difference mainly 
of the two factors, i.e. average diameter of the cell nucleus and 
the nuclear DNA content. In fact we observed that the specific 
activity of DNA in heart was about 4 times that in spleen while 
the calculated dose for the heart nucleus was only about 80% of 

1191 



the dose for the spleen nucleus. 

In the mice which received tritium from their mothers milk, 
the contribution of the protein component to the accumulated 
dose is organ specific. Among the spleen, liver , intestine, 
lung, kidney, heart and brain , the largest contribution of 
protein is seen in the brain (ll %) and the smallest in the 
intestine ( 3 %) • If the DMF value of the protein component 
deviates considerably from unity, the contribution of OBT to the 
total dose will be comparable to the contribution from the free 
water component. However, under the situation that the proteins 
are uniformly labelled in the whole organ, the DMF value for the 
protein-bound tritium is about between 0.8 and 1.3. Thus for a 
practical use of the metabolic data in dose evaluation, within an 
ambiguity of at most 30 %, the dose commitment from incorporated 
tritium can be evaluated without considering the localization of 
tritium to the protein molecules. 

The accumulated dose due to the protein-bound tritium in the 
cell nuclei of animal organs may depend on the difference of 
protein concentration between cell nucleus and the extranuclear 
region of tissue. To test this possibility experimentally and 
theoretically and to estimate the localization factor for the 
accumulated dose for the cell nucleu, a simplified model of 
protein distribution in animal tissues was made and compared with 
experimental results. 

From the result of computer simulation , it was concluded 
that the contribution of the nucleus tritium of neighbouring 
cell nuclei can be neglected compared to the contribution from 
the tritium distributed in the cell nucleus under consideration. 
In our model calculation, it was assumed that the cell nucleus 
is spheric in shape. Under the assumption that protein is 
uniformly distributed either in the cell nucleus or in the 
extranuclear region individually, the dose to cell nucleus can 
be calculated as that averaged for the whole nucleus. At the 
subnuclear level there might be an inhomogenous dose distribution 
which occurs as a result of inhomogeneity of protein 
distribution. However, the inhomogeneity of tritium distribution 
seems to be of minor importance to determine the DMF value since 
the percent contribution from the extranuclear region to the dose 
to nucleus is about 10 - 20 %. This situation gives the DMF 
values about between 0.8 and 1.3. These values are much less than 
the DMF values for the DNA-bound tritium and have less 
deviations as well. 
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METABOLISM AND GENETIC ACTION OF BIOGENIC TRITIUM 
IN MAMMALS 

M.I. Ba1onov, T.V. Zhesko, M.E. Chetchueva, 
M.D. Pomerantseva and L.K. Ramaya 
Institute of Radiation Hygiene 

8 Mira u1., Leningrad 197101, U.S.S.R 

ABSTRACT 

In the'2'process of biosynthesis the general metabolic beha
viour of ~-labeled precursors of biopolymers consists in 
stable binding of 5-80% of tritium activit~ by mammalian 
tissues and simultaneous chipping of 90-10~ of the label and 
its incorporating as TID into the} body liquids. ~When injected 
into the body of mice and rats, .711-glucose and "".tJ.-amino acids 
will oause the tissue dose exceeding that from the equal quanti
ty of THQ by 1.1 - 10 times. The nonreplaceable amino acid 
L-lisin-'H will cause the greatest dose and within the space of 
3-5 months increase the frequency of dominant lethal mutations 
(DL14) in male mice by 2-4 times as compared with TID. 

~-desoxinucleosides are incorporated into chromosomes 
during S-phase of';J,.~he cell cyQle for about an hour. The reten
tion function of "".ti-TdR and /H-<}dR depends on their dosage 
owing to reparation of DNA damages and labeled cells destruc
tion. The injection of activity in several fractions in 
10-15 hours conduces to prolonged DNA-bound tritium retention 
in t~ssues and increased radiobiological effect than does a 
single injection of the same dosage. Dependence of Dldl and 
reciprocal~~ranslocations frequency in spermatogonia on the 
dosage of "".ti-TdR is non-linear. The effect per unit activity 
administered is the greatest at 37 kBq/g ( 1 J19ilg) and reduces 
by 2-4 times or by one order of magnitude with increasing 
dosage up to 0.37 MBq/g and 1.11 MBq/g respect~velY·~.By the 
ts~tab1u tu~:ttlti 1u uw.lu mlucs 1uJuot1on of 37 k:llq/g o:t ,.a...J.rclli an4 
of -'11-cdR is equivalent to 0. 2 - 0.4 and 0.05 - 0.01 Gy of 
gamma-radiation respectively. 

The materials of the investigation have been used for 
developing radiation standards. 



A NEW PREPARATION FOR PREVENTION AND TREATMENT OF 
X-RAY DERMATITIS 

E.V. Ivanov, G.Ya. Dubur, T.V. Ponomareva, 
E.A. Bisenieks and G.N. Merkushev 

Institute of Radiation Hygiene 
8 Mira u1., Leningrad 197101, U.S.S.R. 

ABSTRACT 

Results are ppesented of development of a new clinical pre
paration (PP-116), being a synthetic antioxidant, intended for 
prevention and treatment of skin lesions induced by ionizing 
and non-ionizing radiations. 

The ointment was tested in animal experiments and in clinical 
practice. Skin was exposed to 60 Gy of .J.- and soft :X:-irradia
iJ1on •1mul.ut11ng J.•t.~.diub.l.on lib.cu.•upy oond1t1ond, tLU woJ.J. tLB to 
ultra-violet radiation in doses causing skin burns of the second 
de~ee. 

The experiments showed the decreasing of intensity and dura
tion of skin responses to radiation by more than 50%. It was 
ahown tllat PP-116 did not protect tumour cells. Its application 
for treatment of radiation dermatitis allowed one to reduce in
flammatory processes, to shorten substantially the period of 
recovery and to accelerate the process of skin regeneration. 

Intravital microscopic and cytomorphologic analyses showed 
no epidermal and dermal pathologic changes in the recovered 
skin areas. The protected intracellular membranes, particularly 
mitochondrial ones, were prevented from destruction. 

The preparation entering into inner media is insignificant. 
Clinical testing of PP-116 on patients exposed to telecurie 
therapy for various oncologic diseases showed its marked protec
tive effect at skin doses up to 40 Gy and therapeutic effect at 
the doses up to 60-70 Gy. PP-116 application creates conditions 
for increasing exposure doses to tumours during radiation thera
PY and for accelerating the course of treatment. One of the 
significant merits of the preparation is its analgetic effect, 
that is psycologically readily accepted by patients. 

No side effects or any contraindications for application of 
the preparation have been detected, and its toxicity is very 
small. 
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CHEMICAL RADIOPROTECTION TO BONE MARROW 
IN WHOLE BODY GAMMA IRRADIATED MICE 

A. Ghose, S.K. Ganguly, Joginder Dey, 
T.B. Dey and K.K. Nagpal 

INMAS, Probyn Road, Delhi-110007, India 

ABSTRACT 

Groupe of mice received pretreatment before whole body 
gamma irradiation with ( 1) saline (2) a combination of 
suboptimum radioprotecting dose of hydroxytryptophan (HT) 
en4 aminoethyl-isothiuronium bromide hydrobromide (AET), 
(3) combination of the dose of HT and optimum radio pro
tecting dose of ~-mercaptopropionylglycine (MPG) and~an 
optimum radioprotecting dose of AET. 

Bone marrow histology has been studied at 
different time intervals after a lethal dose of 
irradiation (10 Gy ). From 5th day onwards very 
impressive improvement .in bone marrow cellularity 
has been noted in all dru.g treated groups. Beat 
regeneration being noted with the HT and AET combination 
treatment while other treated groups closely followed. 
Protection to mice bone marrow stem cells by the 
treatments has also been noted when studied after 
two da,ya of whole body gamma irradiation (:S Gy, 5 Gy 
and 10 Gy exposures) using spleen colony forming 
method. 
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ESSAIS DE DECONTAMINATION APRES INHALATION PAR DES BABOUINS 
DU COMPLEXE PLUTONIUM-TRIBUTYLPHOSPHATE. COMPARAISON DTPA-LICAMICl 

H.METIVIER1, C.DUSERRE1, P.GERASIM02, P.FRITSCH1, R.MASSEl 
1-CEA/IPSN/DPS/SPE/ Section de Toxicologie et Canc~rologie Experimentale 

BP 12 1 91680 Bruy~res le Chltel, France 
2-Centre de Recherche du Service de Sant~ des Arm~es 

bis rue du Lieutenant Raoul Batany, 92241 Clamart, France 

INTRODUCTION 
II a ~t~ montr~ qu'une contamination par inhalation de plutonium sous 

forme de comple:<e avec le tributylphosphate <Pu-TBPl ~tait, si elle ~tait 

massive, plLts difficile a traiter par le DTPA que les autres formes 
transportables de plutonium IM~tivier 1983, Stradling 19831. Un nouvel agent 
ch~latant, le LICAMICI, d~crit par Durbin et al 119841 semblait prometteur, 
puisqu'il dissocie in vitro, plus facilement que le DTPA, le comple:·:e Pu
Transferrine form~ apr~s injection de Pu-TBP IM~tivier et a1 1985). 
Toutefois des ~tudes r~centes ont montr~ qu'apr~s traitement par le LICAM\Cl 
le plutonium se d~posait plus facilement au niveau r~nal, quels que scient 
sa so1ubi1 it~ et son mode de svnth~se IStradl ing 1986, Volf 1986, Durbin 
1987 Communication personnel! el. Depuis, G~rasimo et al 119861 ont propose 
des traitements mixtes modifiant les pH urinaires pour diminuer la charge 
r·ena 1 e. Dans ce pap ier noLts comparons 1 es trai tement_s par 1 e DTPA, i e 
LICAM<Cl et des traitements mixtes apr~s inhalation de 2~9Pu-TBP. 

MATERIELS ET METHODES 
Vi ngt c i nq babou ins, pesant 4 a 6 kg ont i nha 1 ~ un a~roso 1 de 

239pu-TBF' (solution a 30/. dans le dod~cane) pendant environ 20 minutes, sous 
anesth~sie (10mg/Kg de chlorhydrate de ketaminel. La charge pulmonaire ~tait 
comprise entre 50 et 400 KBq. Tt-·ente minutes apr~s !'inhalation, les animaux 
re~oivent la premi~re phase du traitement; injection intraveineuse ou 
aerosol ou perfusion pour les traitements mixtes. Les traitements suivants, 
effectu~s pendant 30 jours, sont d~cri ts dans 1 a f igLtre. Pour 1 es 
traitements par le DTPA nous avons utilis~: 2 doses de CaDTPA 130 et 300 
LtM/i<g), et 1 'association Ca et ZnDTPA, successivement ou alternativement a 
1 a dose de 300 LtM/Kg. Pour 1 es trai tements par· 1 e LICAM \Cl nous avons 
utilis~ les doses de 3 et 30 LtM/Kg en variant les modes d'injection. Pour 
les traitements mixtes, le LICAMICl n'est utilis~ qu'en traitement d'attaque 
durant la premi~re semaine puis fait place au CaDTPA. 

Les animaLtx sont plac~s individuellement en cage a m~tabolisme pour 
co11ecte des e}:cr~tats. Au sacrifice les diff~rents organes sont pr~lev~s 

pour analyse, un rein est pr~lev~ pour analyse histologique par microscopie 
optique et ~lectronique. 

Sur chaque singe est effectu~ avant exp~rimentation et 1 jour avant 
sacrifice un bilan permettant d'appr~cier l'e};ploration fonctionnelle r~nale 
(clearance de l'uree, de Ia cr~atinine et de l'acide uriquel, le m~tabol isme 
hydromin~ral (Ca, P, C1 1 K, Na, Fe et le coefficient de saturation de la 
sid~rophil ine), le m~tabol isme protidique, glucidique et lipidique. 

RESULTATS 
D~conta.mina.tion: Les r~sultats sont e:-:primes soit en pourcentage de la 

dose inha 1 ~e soi t en pourcentage par rapport aux va 1 eur·s des t~moins. les 
r~sultats du tableau 1 montrent une relative inefficacite du traitement par 
1 e CaDTPA a 1 a dose de 30 uMII<g. Cette eff i cac it~ peut etre accrue en 
augmentant la dose 1300 uM/Kgl, mais apparait alors, 1 mois apr~s le 
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traitement du sang dans les urines. Si on utilise Aces concentrations, une 
association Ca, ZnDTPA, cette todcite disparait, mais 1 'efficacite du 
traitement diminue. Le tableau 2 fait apparaitre qu'une dose dix fois 
moindre de LICAM <C> (3 LtM/Kg) est aussi eff icace que 1 e DTPA au n i veau du 
depbt ossew:. A dose egale (30 uM/f<g) le LICAM<Cl est plus efficace qLte le 
DTF'A, ma is on dep 1 ore a 1 ors, Ltne ret.:::~. i:i on r·ena 1 e 5 ~ 10 f o is super i eure aux 
temoins, suffisante po•_w entrainer une pathologie. Les traitements mi:-:tes 
abaissent ces depots renaux A des valeurs egales ou superieures aux temoins 
mais perdent une partie de 1 'efficacite du LICAM<Cl employe seul. 

Biochimie cl inigue: Lars du traitement par 30 uM/Kg de LICAM(C) 
1 'anomal ie 1 a plus caracteristique est representee par 1' abaissement des 
clearances, principalement celle de l'uree, qui ne represente plus qu'un 
pourcentage variant entre 30 et 70% de la clearance des temoins <Gerasimo et 
al, A parattre). Le chiffre le plus bas est obtenu avec !'animal traite par 
la serie d'injections IV. Un tel abaissement de clearance est en faveur d'un 
trouble fonctionnel renal. Il existe d'autres signes d'insuffisance renale; 
augmentation des chlorures, du potassium, diminution du calcium avec 
augmentation du phosphore, leger abaissement des proteines plasmatiques et 
du rapport albumine sur globulines, proteinurie moyenne, presence de traces 
de sang dans les urines. Les animaux traites pa.r le DTPA a 300 LtM/f:::g ou par 
perfusion A 30 uM/Kg, ont leur clearance legerement abaissee <60% des 
temoins) et 1 eurs parametres dLt metabol isme hydromineral et protidiqLte 
modifies dans Je sens d'une insuffisance renale comme avec le LICAM<Cl. 

Lars des trai temenyts mL-:tes, par 1 e systeme de perfusion i 1 y a 
restauration partiell e des clearances (70% des temoins), 1 e metabol isme 
protidique est normal, en revanche le metabol isme hydromineral est aussi 
modifie que dans le cas des aniamux traites par le LICAM<Cl seul 
(Gerasimo et al. a paraitrel 

Histopathologie: L'etude histologique a montre 1 'induction de lesions 
tubulaires apres administration de LICAM<C>. Ces lesions concentrees aLt 
niveau des tubes proximaux sont caracterisees par la presence de vacuoles au 
pole basal des cellules. Le nombre de ces vacuoles augmente en fonction de 
la quantite de LICAM<Cl administre mais leur presence devient inconstante 
apres le traitement mixte <Fritsch et al. a paraitre) 

CONCLUSIONS 
Cette etude montre qu'en cas de contamination importante par inhalation 

de complexe Pu-TBF', il sera difficile de decontaminer l'agent par le DTPA. 
Le LICAM<C> peut apparaitre comme un palliatif, a condition de !'employer 
Ltniquement comme trai tement d 'attaque et sous contrbl e des fonct ions 
renales. Il ne peut en aucun cas, dans 1 'etat actuel de nos connaissances, 
~tre employe en routine. 11 semble done raisonnable de poursuivr·e la 
recherche d'une autre molecule pour traiter de telles contaminations. 
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Tableau 1: Effet du DTPA sur la retention du plutonium-239 chez le singe 
apr~s inhalation du complexe Pu-tributylphosphate 

Lung 
Trachea 
Thoracic LN 
Liver 
Skeleton 
Kidneys 
Feces 
Ur·ines 

Lung 
Liver 
Skeleton 
Kidneys 

Temoins 

69.2 
0.045 
0.86 
1.1 
3.9 
0.047 
25 
0.6 

Ca DTPA 
300um/kg 

Pourcentage 
59.7 
0.042 
0.67 
0.083 
0.31 
0 .(H)71 
21.9 
17.2 

Ca DTPA 
30um/kg 

de la dose 
56.6 
0.17 
0.56 
0.87 
1.69 
0.011 
27.5 
12.5 

Pourcentage pat~ rapport 
100 86 82 
100 7.5 79 
100 7.9 43.3 
100 15.1 23.4 

Ca-Zn DTPA Ca-Zn DTPA DTPA IV + 
300um/kg 
success if 

inhalee 
63.4 
0.68 
1.84 
0.103 
1.11 
!) .(H)96 
21 
12.3 

au:< temoins 
92 
9.4 
28 .. 5 
20.4 

300um/kg perfusion 
alternatif 

68.9 98.7 
0.11 0.0134 
0.63 0 .(ll)57 
0.092 0.6 
0.75 3.4 
0.0077 0.03 
14.3 8.6 
17.1 19.1 

99 99 
8.4 55 
19.2 87 
16.4 64 

Tableau 2: Effet du LICAM-C sur Ia retention du plutonium-239 chez le singe 
apr~s inhalation du complexe Pu-tributylphosphate 

mh:te: mi:-:te: 
30um/kg 30um/kg 3um/kg 30wn/kg 30um/kg 30um/kg 

IV+IM IV IV+IM aer.+IM + bicar. + DTPA 
------------ --------- --------- --------- --------- --------- ---------

Pourcentage de la dose inhalee 
LUNG 62 72 69 56 68 57 
Trachea 0.082 0.13 0.022 0.06 0.0052 0.057 
Thoraciq LN 0.97 1.19 0.49 0.97 0.47 1.1 
Liver 0.70 0.380 1.36 0.93 0.41 0.37 
Skeleton 0.34 0.38 1.94 0.75 0.59 0.80 
Kidneys 0.22 0.53 0.45 0.23 0.06 0.12 
Feces 22.5 15.1 21.5 35.3 24.5 23.3 
Urines 12.9 9.6 5114 5.3 6.8 18.3 
------------ --------- --------- --------- --------- --------- ---------

F'ourcentage par rapport au:< temoins 
Lung 89 91 99 80 98 83 
Liver 63.6 73 123 84.5 37.2 33.1 
Skeleton 8.7 9.7 49.7 19 15.1 20.6 
Kidneys 468 1128 957 489 127.6 244 
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INDIAN LIFE-TABLE AND RADIO-CARCINOGENIC RISK ESTIMATES 

K.S.V. Nambi, V.K. Sundaram and S.D. Soman 
Health Physics Division, Bhabha Atomic Research Centre, Bombay 

ABSTRACT 

Using ICRP-27, BEIR III and GOFMAN coefficients for the radiation-induced 
cancer fatalities, age-specific radiocarcinogenic risk factors have been evaluated 
for the Indian urban male population based on the relative risk projection model. 
In an Indian urban male cohort population of occupational workers exposed continuously 
at a uniform rate of 0.01 Sv/y between ages 20 and 65, the life-long cancer risk 
estimates work out to be about 0.08%, 0.25% and 2.03% respectively. These are 
considerably less than that would be obtained for typical western populations of 
the world. 

INDIAN LIFE-TABLE PARAMETERS 

The Indian life-table (1) and the age-specific cancer mortality patten (2,3) are 
typical of a developing country with the average life-span and the cancer mortality 
rates being lower than those among the developed western nations. For the case 
of the Indian urban males, the surviving population N(A) at any given age A has 
been fitted in the expression : 

N(A) = K exp [C(exp (~A)] 

as suggested by David Maillie (lJ.). Fig.! gives the data points and the fitted curve 
with the values of the various constants applicable between ages 5 and 70. The age
specific cancer mortality rates have been taken as a mean for four Indian cities 
of Bombay, Madras, Nagpur and Poona as given by the National Cancer Registry 
(2) and the Indian Cancer Society (3). The age-specific cancer mortality rate C(A) 
at any given age A could be fitted in the expression : 

C(A) = 0.79 exp (0.0876 A) 10~A~70 

CANCER RISK COEFFICIENTS 

Cancer risk coefficients from three different sources viz. ICRP-27(5), BEIR 
Ill (6) and GOFMAN (7) have been adopted in the present calculations as these seem 
to project respectively a conservative, moderate and generous estimate of the radio
carcinogenic risk in existing literature. For the sake of uniformity of approach and 
to see clearly the effect of the Indian life-table parameters, risk estimates are made 
assuming linear hypothesis and relative risk projection model. As ICRP-27 gives 
only age-specific absoluterisk coefficients, the life-long risk in a typical USA cohort 
population is first calculated and then expressed as fractional increase in spontaneous 
cancer mortality per 0.01 Sv for the surviving cohort from the age at exposure. 
BEIR III report also does not give directly any relative risk coefficients; however 
working back on the results given for relative risk projections, reasonable estimates 
of the coefficients could be made for the cases of O, 20, 35 and 50 years of age 
at exposure on the same lines as suggested by David Maillie (lJ.). The GOFMAN risk 
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coefficients have been modified to the Indian life-table as per procedures given 
in (7). The age-specific relative risk coefficients thus obtained from the above three 
data sources are given in Fig.2. 

RESULTS 

Using the factors given in Fig.2, sample calculations have been made to obtain 
risk estimates for an assumed occupational exposure history for a population cohort 
starting from age 20. Although an Indian worker retires at about 60 years of age, 
for ready international comparison ~urposes, exposures have been considered upto 
age 65; the latter exposures however do not inc:rpase the cnncer risk significantly. 
The results are presented in Table 1. 

Table 1: Cancer risk estimates for an occupational exposure history of 
0.01 Sv/y between ages 20 and 65 

Population Cohort 

U.S.A Males 

India Urban Males 

Life long cancer risk estimates 

ICRP 27 

0.58% 

0.08% 

BEIR III 

1.10% 

0.25% 

GOFMAN 

5.65% 

2.22% 

It is obvious that the relative risk projection model would predict far less cancer 
risk to the Indian occupational worker. 
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ASSESSMENT OF OOSE-TJ]II[E-EFFECT SURFACES FOR SOMATIC LATE EFFECTS 
AFTER IJJW OOSE IRRADIATION 

Herwig G. Paretzke, Wolfgang Jacobi, Danielle Chrrelevsky, 
Klaus Henrichs, Michael Gerken, Fritz Schindel 

GSF - Inst. for Radiation Protection, D-8042 Neuherberg, F.R. Germany 

ABSTRACT 

Awaiting new data fran RERF, an attempt was made to estimate the somatic 
risks of low doses of radiation for rrembers of the German public. 'Ihe new 
estimate follows closely the approach used in deriving the values published in 
the NIH Radioepidemiological Tables. The lifetime risk factors thus calculated 
are significantly larger than the estimates presented in ICRP-re:port 26 and are 
consistent with estimates recently made in the ongoing reactor safety study of 
NUREG. The increase in lifetime risks is mainly due to the introduction of a 
new time projection rrodel which appears to be more consistent with the epi
demiological data for many late effect end :points than the constant absolute 
risk rrodel previously employed. Results fran a study in which epidemiological 
data were stochastically simulated with a computer indicate that the shapes of 
actual dose effect curves might be significantly more influenced by pure chance 
than by the dose dependency of underlying biological mechanisms. 

1. INTRODUCTION 

Results of probabilistic reactor accident consequence studies and the 
public concern about biological effects of low radiation doses after the 
Chernobyl reactor accident demonstrate the need for realistic estimates of 
dose-time-res:ponse surfaces for late somatic radiation effects for members of 
the public (i.e. for both genders and all age groups). Therefore, the epidemio
logical data available in 1986 have been re-evaluated along the lines employed 
in the American Radioepidemiological Tables ( 1) ; the derived lifetime risk 
factors are compared to previous estimates. Major problems still exist in the 
assumptions about the time projections, i.e. the number of cases to be observed 
in the future in study cohorts, and the shape of the dose-res:ponse curve at low 
doses. That is why these two impcrtant aspects in radiation risk analysis will 
be discussed in detail. 

2. SHAPE OF OOSE-EFFECT RELATIONSHIPS 

Dose-time-res:ponse surfaces are the basic subjects of radiation risk 
assessment; they depend on the effect under consideration, time after exposure, 
dose rate, dose fractionation, radiation quality, gender, ethnic groups, age at 
exposure, living habits, occupation, etc .. In addition, the characteristics of 
early radiation res:ponses need not reflect themselves in those observed at 
later times, i.e. a quadratic dependency of primary effects on dose could very 
well be converted to a threshold type or linear dependency of later effects by 
subsequent reactions to this primary insult. This fact makes it rather 
difficult to draw inferences fran the shape of dose-res:ponse curves for 
radiation biological effects occurring at early times to the shapes of dose
effect relationships observed at later times, :possibly even decades later. 
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Even if this would not be the case, it is rather difficult to draw any signifi
cant conclusion as to the shape of dose-effect relationships from realistic 
epidemiological data. That is because of the usually small numbers of observed 
excess cases, the usually small number of exposed persons and the fact that the 
end points considered (e.g. cancer or leukemia) also occur rather frequently 
and with large temporal and regional variations as causes of rrortality. This 
may be demonstrated with the help of a simple !'lbnte Carlo simulation of epide
miological data on a computer. For simplicity only the fates of young German 
men with twenty years of age at time of "exposure" was followed in titre with 
respect to the rnortali ty from leukemia; the baseline risk was taken from German 
statistical tables and the mean doses and cohort sizes were adapted from the 
Hiroshima and Nagasaki life span study (indicated in fig. lc). Figs. la, b and 
c give three arbitrary stochastic samples of the relative number of deaths from 
leukemia that might have been observed in the real data as a function of time 
if there were a strictly linear dose-effect relationship for this endpoint with 
the ICRP-Report 26 (2) lifetime risk factor, a 2 year latency period and a 
cinstant risk expressed over the period of 25 years. The differences in the 
three data sets are of purely stochastic nature. A cross section with respect 
to dose at age 40, i.e. 20 years after irradiation, would give the data shown 
in fig. 2a, cross sections at age 60 and at age 80 are shown in figs. 2b and c. 
Evidently a wide range of "likely" dose-effect curves could subjectively be 
drawn and confirmed by statistical tests (from a threshold type curve to a 
quadratic curve with "exponential correction for cell killing") although it was 
a strictly linear dose-effect rrodel which was used in this simulation. After 
this experience the statistical insignificance of the differences between the 
shapes of the leukemia dose effect curves for the survivors in Nagasaki in the 
life span study group resp. the tumor registry will be realized even without 
stringent statistical tests. However, employing different assumptions, other 
analysts might well have interpreted the varying differently, although this 
would not be justified from objective epidemiological points of view. 

3. TTIV!E PROJECTION 

In study cohorts exposed to elevated levels of radiation persons are often 
still alive at the time of reporting and assumptions about their future fates 
must be made when estimating lifetime risks. In the field of radiation risk 
analysis the assumption was often made in the past and found to be consistent 
with available epidemiological data, that after an exposure to an elevated 
level of ionising radiation, there is a constant increased risk of rrortality 
due to cancer or leukemia after a certain latency period during which no excess 
cases could be observed (absolute or additive risk rrodel), In other absolute 
risk rrodels this constant risk decreased to zero after an extended risk ex
pression period (curve a in fig. 3) . The increased length of follow-up time, 
however, brought epidemiological data which appear to be rrore consistent with 
the assumption of a relative risk rrodel (curve b in fig. 3), i.e. the irradia
tion possibly increases the pre-existing baseline risk (curve c in fig. 3), 
which is usually a high power of age t, by an amount depending on dose (lower 
panel of fig. 3) . Fran principle, it is not possible to descriminate whether 
this is an increase in time (time acceleration rrodel) or in the number of 
cases. Evidence for the plausability of the assumption of a relative risk time 
extrapolation model can be seen in the data of the atomic borrb survivors of 
Hiroshima and Nagasaki (3) for the sum of all cancers except leukemia (fig. 4) 
as well as in the lung cancer cases; a straight line in this observed-expected 
cases plot indicates the consistency with a relative risk rrodel, i.e. the 
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larger mrrnber of cases in the highly exposed population occur in the same time 
pattern as the expected cases do. Most naturally occuring cancers steeply in
crease in frequency with increasing age. It is then evident, that the assump
tion of a relative risk model will significantly increase the number of cases 
to be expected in the future in an observed study cohort as ccrnpared to the 
assumption of a constant absolute risk model. However, it should be clearly 
pointed out that even in a relative risk model, the relative increase of the 
base-line risk might well go down with time after exposure for several reasons 
not to be discussed here. 

4. LIFETIME RISK ASSESSMENT 

Frc:m the fact that the base lines steeply increases with age, it must be 
expected that the change from an absolute to a relative time projection model 
will affect in particular the estimates made for the younger age groups at 
exposure. This is in fact the case as can be seen in the risks for radiation 
induced breast cancer as a function of age and time after irradiation in both 
models (table 1). This estimate is based on the same procedure of transporting 
the absolute excess risk observed among the A-bomb survivers frc:m the Japanese 
women to German wanen and then re-calculating the national relative risk. Un
fortunately, there is presently no very convincing argument available neither 
in favor of this way of inter-national risk extrapolation nor against it. 

When the same underlying assumptions as in ref (1) are made for the German 
population, the new risk factors as indicated in table 2 were derived (A = 
absolute risk model, R = relative risk model). Also given, for comparison, are 
the data of ref. (4) for the US-population where the "central" estimate essen
tially assumes a dose rate reduction factor of 0.3 as compared to the upper 
(i.e. linear) estimate. The GSF-estimate for the assumption of a linear dose 
effect relationship is in good agreement with the American "upper" - (i.e. 
linear) estimate; our linear - quadratic model using a dose rate reduction 
factor (DRF) 0.4 as assumed in the NI-report (1) generally lies sc:mewhat above 
the "central" - estimate of ref. (4) employing a DRF of only 0.3. Frc:m the 
existing data for carcinogenesis by radiation, it is presently difficult to 
decide on the likelihood of the existence of any DRF for this particular end
point. 

These data for organ specific radiation risk factors are considerably 
above previous estimates of the ICRP (2) . The main reason is the application of 
a relative risk time projection model suggested by more recent epidemiological 
data. It remains to be seen whether this new way of extrapolation will be con
firmed by future data and to what extent the new dosimetry presently incorpo
rated at RERF will modify these risk estimates. 
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Table 1 
Risks of breast cancer induced by radiation as a function of age and tirre after 

exposure 

absolute Model relative Model 
Age Time since irradiation 

lOa 30a oo lOa 30a 00 

0- 9 23 98 259 - 45 1770 
10-19 45 196 445 1 120 945 
20-29 29 125 239 6 95 294 
30-39 29 121 192 15 106 198 
40-49 8 30 39 6 28 38 
50 + 4 11 12 4 11 12 

Table 2 
Somatic lifetirre risks per 10 6 per rem, (low-LET radiation, doserate < 5 rem/d) 

Organ Model 

Bone marrow A 
Bone A 
Breast* R 
Lungs R 
GI-Tract+ R 
Thyroid A/R 
Others R 

Total 

NUREG 
central upper 

14 48 
1 2 

60 87 
20 138 
57 189 
7 7 

29 96 

188 567 

GSF 
(I.Q) (L) 

21 52 
1 1 

80 80 
36 90 
90 224 
17 17 
15 38 

260 502 

in utero (1 %) : additionally 3 cases of leukemia, 
3 other cancers 

* including men 
+ Stomach, Colon, Liver, Pancreas 
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ABSTRACT 

KINETICS OF TRANSPLACENTAL TRANSFER OF SELENIUM 

John Wang, Ph.D. and Herman Cember, Ph.D. 

Northwestern University 
Technological Institute 
Evanston, Illinois, USA 

This study was designed to investigate the influence of the quantity of 

selenium intake by pregnant rats on the rate and amount of selenium absorbed 

by the fetus. 

Sodium selenate, tagged with Se-75, was added to the drinking water of 

pregnant rats at 3 different concentrations, and the rats were serially sacri-

ficed during the gestation period and the selenium in the fetuses was 

measured. Gross selenium uptake was measured by sequential whole body count

ing of the rats, and elimination was determined by radiometric analysis of the 

excreta. From these data, we constructed a three compartment model for the 

kinetics of transplacental transfer of selenium. 

The distribution pattern of selenium was found to be consistant with 

other reports, with most of the selenium being in the liver, kidneys, and 

blood. The kinetic parameters of the excreta and the transfer from the fetus 

to the mother's blood was found to be dependent on the selenium intake level. 

Other kinetic parameters were found to be independent of the selenium intake 

1 eve 1 • 

1209 



RESPONSE OF MATERNAL IMMUNE CELLS TO IRRADIATION OF MOUSE EMBRYOS 

E.M. NICHOLLS AND B. MARKOVIC 
NATIONAL CENTRE FOR SAFETY SCIENCE 

UNIVERSITY OF NEW SOUTH WALES 
BOX 1, KENSINGTON, NSW, AUSTRALIA, 2033 

INTRODUCTION 

This work began as an attempt to explain the paradox of 
pregnancy - the survival and growth of the semi-allogeneic embryo 
in an immunologically hostile environment. We 3 ' 4 rediscovered 
the work of Brewer 2 who in 1937 had observed the phagocytosis 
of maternal blood cells including lymphocytes by cells of the 
trophoblast. In 1982 and 1983 we reported the tracing of quina
crine labelled maternal leukocytes (WBC) in maternal, placental 
and embryonic mouse tissues by fluorescence microscopy. We 
found that cells in the placenta phagocytose labelled WBC, 
so that after l-2 hours the labelled nuclear DNA is found 
as brightly fluorescing particles in the cytoplasm of the phago
cytes with no evidence of it in the nuclei. Identical cells 
were observed in slide preparations of embryos which had been 
carefully separated from their placentas. 

We also found a small population of intact labelled lymphocytes, 
clearly maternal in origin, in the embryos. This seems to be 
another paradox- placental phagocytes are observed to be phago
cytosing maternal WBC in the placenta and embryo, but there 
are also free maternal cells in the placenta and embryo. A 
theoretical explanation is that maternal lymphocytes alloreactive 
against the embryo will attempt to react with placental cells 
and in the process be phagocytosed, while other maternal cells 
will be able to enter the embryo where they could have a surveill
ance function, removing dead or mutant embryonic cells. 

To test this theory we carried out the series of experiments 
reported here. 

MATERIALS AND METHODS 

These fall under 3 headings: (l) the quinacrine labelling 
method referred to above; (2) the use of the histochemical 6 a -naphthyl butyrate esterase (a-NBE) procedure (Markovic, 1987 ) 
to identify maternal lymphocytes and monocytes in 11 day-post 
conception mouse embryos (BALB/c); and (3) the creation of 
artificial embryonic damage with varying doses of y -radiation. 

(1) Quinacrine labelling. Maternal whole blood (approx. 0.2ml) 
was labelled with O.lml quinacrine solution (9.4 mg/lOml of 
normal saline). After standing for a few minutes, the blood 
sample was washed 3X with normal saline to remove quinacrine 
unbound to the WBC nuclei. The blood was then reinjected 
into the original donor. Two hours or more later the mouse 
was sacrificed and various tissues, placentas and embryos 
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were examined. Embryonic tissues could be dissociated on a 
microscope slide using the end of another slide, which was 
then used to make a smear as in making a blood slide. 

(2) The a-NBE procedure (modified from Sigma) was used on 
embryonic tissues: an air dried slide preparation of embryo 
was fixed for 5 minutes in glutaraldehyde below -l0°C, followed 
by incubation for 1 hour at 37°C with a-NBE reagent. The 
rinsing step was then repeated, followed by 4 minutes of 
staining with methylene blue. After a third rinse, the slides 
could be mounted in aquamount. 

(3) y -irradiation. A method was devised to lethally irradiate 
the embryos of a pregnant mouse while delivering a lesser 
dose to the mother. A Cobalt-60 source of y-rays was used. 
The mother was shielded by 30 mm of lead, this being the maximum 
shielding possible because of the construction of the housing 
of the source. Two lead radiation chambers were prepared 
from molten lead cast to fit comfortably into the hydraulically 
lowered cylinders of the source. A chamber with a diameter 
just large enough to house a pregnant mouse was moulded lengthwise 
through each cylinder, from one end almost to the other end. A hole 
3 mm in diameter was drilled at the closed end of the cylinder 
to provide air for the animal while in the chamber. A 10 mm 
diameter hole was drilled at right angles to the midline of 
the cylinder at the position where the abdomen of the pregnant 
mouse, and hence the embryos, would be located and in a position 
to be aligned with the radiation beam. The mouse was held 
in position after entering the chamber by inserting a plug 
of foam plastic. Irradiation initially was for 30 minutes, a 
time chosen because it was shown to give a lethal dose to all 
embryos. The radiation dose was determined by Thermoluminescence 
Dosimetry (TLD) and found to be maximally 5.52 Gy/30 min to the 
embryos. Most maternal tissues received in that time only 1.89 Gy. 
Dosages of radiation were subsequently varied by serial 2-fold 
reductions of radiation time down to a l/8th dose (3 3/4 minutes, 
0.69 Gy to embryos, 0.24 Gy to mother). 

RESULTS 

(1) Quinacrine labelling. This method is indirect in determining 
the population of maternal cells in the embryo. About 10% of the 
maternal blood was labelled in each experiment. An estimate could 
be made of the number of WBC this entailed. However, the precise 
division between circulating and tissue populations of WBC could 
not be ascertained, and more importantly perhaps, the number of 
maternal WBC phagocytosed while entering the embryo was not known. 
Thus this was a qualitative rather than quantitative study. It 
was seen that the numbers of labelled lymphocytes in the embryo 
increased after irradiation of the pregnant mice (Markovic, 1984 5 ). 

(2) a-NBE staining. The figure shows the results of examining 
205 embryos. The lymphocyte counts represent direct and total 
counts of maternal cells (thP. embryo develops its own mature 
lymphocytes (~-NBE +ve) after day 15 of pregnancy (Bannerman, 1983 1 
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Figure~ Maternal lymphocyte numbers in embryos 
after various doses of radiation, and at 
various times post-irradiation. 
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The preliminary experiments using quinacrine labelling 
confirmed previous work and expanded our understanding of the 
processes under observation. (l) The placental phagocytes are 
very efficient at removing maternal cells. If these maternal cells 
are those with allogeneic reactivity to the embryo it is easy to 
understand why embryos are not rejected. (2) A uniform population 
of labelled maternal lymphocytes was found in every embryo examined. 
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(3) Placental phagocytes containing fluorescent particles in the 
cytoplasm were found in every embryo. 

The second series of experiments with a-NBE were more informa
tive. Direct counts of numbers of maternal lymphocytes in the 
embryos could be made. What we had postulated as the mechanism of 
reabsorption in naturally reabsorbing embryos was clearly 
demonstrated with the higher levels of radiation. The embryos 
contained a massive invasion of maternal lymphocytes at 36 hours 
( > 25% of total cells in the embryo) and the relationship of this 
value to the normal population of lymphocytes in the embryos could 
be seen. Lowering Lhe dose of radiation to a level where most 
embryos would survive showed two things: (1) the maternal influx 
of lymphocytes occurred earlier with the lower doses, thus negating 
the objection that lymphocytes were entering the embryos only 
because of placental damage; (2) the peak values appeared earlier, 
24-32 hours after irradiation, than occurred with the lethal dose 
of irradiation. 

CONCLUSION 

We have in these experiments a valuable method for the study 
of irradiation mechanisms as they affect pregnancy. Much more 
work can be done. The dose-response relationships are clear. 
Recent experiments have demonstrated comparable results using toxic 
chemicals, and hence the method may have value as a screening 
method in toxicology. 

'l'he theoretical implications are also significant. The 
concept can be developed as follows: artificial damage to, or 
natural death of, embryos leads to a stimulation of some of the 
non-alloreactive lymphocytes in the embryos. These lymphocytes 
send messages via lymphokines to the placenta where more maternal 
leukocytes will enter the embryo. With this influx the embryo will 
either be purged of damaged cells or will be destroyed and 
reabsorbed. Thus there is an efficient tissue surveillance mechanism 
operating in the otherwise immunologically inert embryos. 
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LATE EFFECTS OF EXTERNAL GAMMA IRRADIATION 
AT LOW DOSE-RATE IN THE FOETUS AND YOUNG RAT 

M. Morin, J. Boncorps, P. Briand and A. Canale 
CEA I CEN-FAR I IPSN I DPS I SPE 

B.P. n° 6, F.92265 Fontenay-aux-Roses, France 

ABSTRACT 

LATE EFFECTS OF EXTERNAL GAt'I'1A I RRADIATI ~ AT LW DOSE-RATE 
IN THE FOETUS AND YOLNG RAT. 

MORIN H.,J.BONCORPS, P.BRIAND, A.CANALE 

CEA/IPSN/DPS-SPE BP6 92265 FONTENAY. AUX ROSES. <FRANCE) 

In order to estimate the specific radiation sensitivity of 
embryos and neonates, notely for carcinogenic risk, we examined the 
consequences of chronic irradiation in Sprague-Dawley rats, upon 
central nervous system and gonads. 

Pregnant mothers and eventually 1 itter mates were exposed to 
gamma rays of Cobalt 60 1 at the same dose rate, 5 hours a day, 5 days 
a wuk, from the Bth day of pregnancy up to the delivery for group 1 1 

up to weaning for group II, up to the !35th day of extra-uhrine 1 ife 
for group Ill; doses varied about from 2.5 to 15 Gy. 

400 exposed newborns, male and female, together with mothers 
and controls wert followed for major developmental changes and tumor 
induction, until their natural death. 

After two years, we observed in exposed animals that brain 
weight was decreased by 25~~; by the same time gonads weights were 
decreased by 85/. and all animals were sterile. Tumor incidences in 
brain and gonads exceeded largely those of controls. 

The results substantiate the concept that developing rat brain 
and gonads are tissues at risk for stochastic and non stochastic 
effects. 
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RADIOBIOLOGICAL ARGUMENTS FOR A LINEAR DOSE-EFFECT RELATIONSHIP 
OF STOCHASTIC EFFECTS AT LOW DOSES 

H.P.Leenhouts1 > and K.H.Chadwick2 ) 
1) National Institute of Public Health and Environmental 

Protection, Postbus 1, Bilthoven, The Netherlands 
2) C.E.C. Directorate General for Science, Research and 

Development, Rue de la Loi 200, Brussels, Belgium 

INTRODUCTION 

In the development of our theoretical approach to the 
analysis of radiation biological effects (1) we have made the 
association between radiation induced DNA double strand breaks 
(d.s.b.) and biological effects, such as cell death, mutations and 
chromosomal aberrations. We further assume that stochastic effects 
result directly from a mutation in one cell. On the basis of these 
assumptions we present data which supports the theory and implies 
that the induction of d.s.b. and thus cellular effects and 
stochastic effects must be linear with dose at low doses. 

THEORETICAL ANALYSIS 

In the theory the number of N of DNA d.s.b. per cell induced 
by a dose D of radiation is defined by 

N = aD + fiD 2 [1) 

where a is the probability per unit dose that a d.s.b. is induced 
in one radiation event and fi is the probability per unit dose 
squared that two independently induced single strand breaks 
combine to form a d.s.b. 

If p is the probability that a double strand break leads to 
cell reproductive death then cell survival 

S = exp [-p(aD + pD2)] [2] 

Equations for mutation frequency (M) and chromosome aberration 
yield Y can also be derived as 

M = 1- exp [-q(aD + fiD2)] ~ q(aD + fiD2) 

and Y = c(aD + pD2). 

[3] 

[ 4] 

where q is the probability that a d.s.b. gives rise to a mutation 
and c the probability that a d.s.b. gives an aberration. 
Combinations of equations 2 with equations 1, 3 and 4 give rise to 
predicted correlations between the biological effects, namely 

p p 
ln s = -pN; ln S = - q M; ln S = - 0 Y. 

In figures 1 and 2 we present examples of these predicted linear 
correlations analysed from data with distinctly non-linear dose 
effect relationships. The figures demonstrate the direct 
correlation between DNA d.s.b. and cell survival and between cell 
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survival and mutation frequency. We conclude that these analyses 
are compatible with the basic assumption of our theory that DNA 
d.s.b. are the crucial lesions leading to the various effects. 

The linear-quadratic form of dose-effect relationships has 
been well established (see 1) for cell survival, mutation 
frequency and aberration yield from the analysis of data mainly 
derived using relatively high doses. There are comparatively few 
data at low doses but figure 3 presents data for mutation 
induction in Tradescantia measured for acute and chronic exposures 
down to 30 mGy which demonstrate the linear-quadratic curve for 
acute exposure and the linear curve for chronic exposure. 
Recently, data on aberration induction in human lymphocytes at low 
doses has come available (2) which is not incompatible with a 
linear dose relationship through the zero dose point. 

Theoretically, we have made calculations, based on track 
structure simulations, on the variation of the a coefficient as a 
function of radiation quality (3). These calculations (fig.4) 
indicate that even for sparsely ionizing radiations 'a' does not 
become zero because low energy electrons, which have short densely 
ionizing tracks, contribute to the dose from these radiations. 

DISCUSSION AND CONCLUSIONS 

The theoretical analysis of the data presented here would 
appear to support the following conclusions: 
1. The crucial molecular lesion which can lead to cell 

reproductive death or mutations or chromosome aberrations is 
the DNA double strand break; 

2. the dose effect relationship for the induction of DNA double 
strand breaks appears to be linear-quadratic in general and 
this is also the shape of the dose effect relationships for 
cell death, mutation frequency and aberration yield; 

3. at low doses the dose-effect relationship is proportional with 
dose for both acute and chronic exposures and only at higher 
doses does the acute exposure curve acquires the quadratic 
function and bend away from the linear chronic exposure curve; 

4. the 'a' coefficient for the induction of d.s.b. in one 
radiation event, which requires two energy depositions close to 
the DNA with a separation of about 2 nm, defines the linear 
component of the dose-effect relationship and is never zero for 
ionizing radiation; 

5. the 'a' coefficient varies in absolute value as a function of 
radiation quality but the densely ionizing tracks caused by low 
energy electrons ensure that even for sparsely ionizing 
radiation 1 a 1 is not zero; 

6. the ratio of the 'a' coefficients for two 
can be used to define a maximum RBE 
radiations and this maximum RBE should 
Quality Factor. 

types of radiation 
at low dose for the 

be related to the 

Two points should be mentioned, namely the repair of DNA 
d.s.b. is known to occur and we have attributed this to PLD repair 
in the theory. It is not known to what extent this repair is 
genetically pure and it seems possible that some mutations and 
aberrations arise from mis-repair of d.s.b. The second point is 
that a question still remains about the direct association between 
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mutation and the induction of cancer (4) which is relevant to 
the radiological protection philosophy. 
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INFLUENCE OF ENERGY METABOLISM AND MITOXANTRONE ON REPAIR PROCESSES 

FOLLOWING X-IRRADIATION IN CaNT TUMOURS 

D Szeinfeld and S Wynchank 

Research Institute for Medical Biophysics 
Medical Research Council, Parow Valley, Cape, South Africa 

Abstract 

The response of the levels of adenosine-5'-triphosphate (ATP) and the 
specific activity of NADP-isocitrate dehydrogenase (NADP-ICDH) following 10 Gy 
x-irradiation in implanted CaNT tumours in the sternum of CBA mice is presented. 
Tumour ATP and NADP-ICDH levels appear to have crucial roles in repair processes 
after radiation damage. Mitoxantrone as an arresting drug is shown in this work 
to interfere with ATP yields in these tumours, hence it can modify cell u 1 a r 
energy status and therefore be an effective way to modulate cellular repair 
processes after irradiation. 

Introduction 

Adenosine-5'-triphosphate appears to play a crucial role in repair 
mechanisms, including cellular repair following radiation damage. A very 
important and relevant repair process is that of DNA. The relationship of ATP 
to DNA repair has been studied by several workers, who have shown that some of 
the enzyme steps require ATP (1). Also, it has been suggested by some authors 
that ATP is associated with cell membrane repairs following ionizing radiation 
( 2,3). 

The oxidative reactions of the hexose monophosphate shunt and 
extramitochondrial NADP-isocitrate dehydrogenase reactions appear to be very 
important routes for generating NADPH, in addition to malic enzyme (NADP malate 
dehydrogenase) in the biosynthesis of fatty acids. These processes depend on 
the NADP/NADPH2 ratio which is controlled in part by NADP-ICDH (4). There is 
presently a great deal of interest in combining ionizing radiation and 
anticancer drugs in the laboratory, with the aim of providing new strategies in 
the clinic. Neri et al (5) reported that mitoxantrone inhibited ATP production 
in rat heart slices. Thus this drug theoretically provides a means of 
inhibiting the increased energy production after irradiation, which may lead to 
enhanced tumour ce 11 k i 11 . A 1 so mitoxantrone inhibits RNA and DNA synthesis 
(6, 7). 

The purpose of this work is to investigate ATP content in experimental 
rodent tumours and the 1 eve 1 s of NADP- I CDH re 1 a ted to energy status fo 11 owing 
x-irradiation solely, or after treatment with mitoxantrone as an arresting 
anticancer drug. 

Materials and methods 

Male CBA mice 2 to 3 months old were used. The tumour was maintained by 
several passage by innoculation of a tumour cell suspension subcutaneously into 
the sternum area of CBA mice. The CaNT tumour is a poorly differentiated 
adenocarcinoma and does not show detectable immunogenicity (8). The volume of 
tumour used in the investigation was between 150 and 250 mm 3 • Mice were 
immobilized during irradiation by an acrylic restraining jig without anaesthesia 
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and were shielded with 3 mm thick lead, except for the tumour region. A Philips 
RT 100 x-ray set was used for the x-irradi~1ions, (100 KVp, 8 rnA), giving an HVL 
of 3mm A 1 and a dose rate of 7. 36 Gy min at the centre of the fie 1 d and a 
total dose of 10 Gy. To prepare samples for intracellular ATP determinations, 
the tumour was cut away and immediately dropped into liquid N . Tumours were 
quickly weighed, then pulverized in a mortar with frequent add~tions of liquid 
N2 • One me HC104 (6% w/v) was added, ground with the tissue, the mixture was 
allowed to become fluid and was homogeneized in a Potter-type glass 
homogeneizer. The homogenate was centrifuged at 17500g for 20 min at 4°C, the 
supernatant removed and the pH adjusted to 7.5 with 5M K?C01 . This was 
centrifuged at 17500g for 20 min and the supernatant wa~ ~sed for ATP 
determinations, according to the enzymatic mf'thod of Lamprecht and Trautschold 
( 9). 

Tumour samples for NADP-ICDH assay were prepared after sacrifice by 
cervical dislocation. The tumour was excised rapidly, tissue was blotted, 
weighed and homogeneized in a Potter-type glass homogenizer with ice-cold 
physiological saline 1:10 (w/v) which was 0.66 mM in EDTA. The homogenates were 
then centrifuged at 12000g for 20 min at 4°C and the supernatants were used for 
the NADP-ICDH assay, performed according to the method of Bernt and Bergmeyer 
(10). Protein content was determined according to the method of Lowry et al 
(11) using bovine serum albumin as a standard. 

Mitoxantrone was administrated by intraperitoneal injection using a dose of 
35 mg/m 2 , 2.5h before the x-irradiation. Data were analyzed by using Student's 
't' test. 

Results 

The levels of tumour ATP at different times after x-irradiation (10 Gy) 
show an augmentation compared with controls (3.42+0.47 nmol ATP/mg tissue, 
n = 36) which was first noted 45 min after irradiation (Fig 1). The maximum 
increases was observed 2.5h after receiving the x-rays (3.8 times that of the 
controls). Then 13h after irradiation, the ATP levels had returned almost to 
the control values. 

After treatment with mitoxantrone in unirradiated tumours, the 
concentration of ATP was reduced by 0.76 times compared to controls (P < 0.02) 
and the levels of ATP following treatment with mitoxantrone and x-irradiation 
remained unchanged to within the experimental uncertainty (P > 0.8), compared to 
the va1ues of tumour treatment with mitoxantrone only. The mean activity of 
NADP-ICDH was 0.46+0.07 ~moles isocitrate converted/min/mg protein as determined 
in 31 tumours. The activity of the enzyme increased following x-irradiation (10 
Gy) to a maximum about 3h after irradiation (Fig 2). 

Discussion 

Adenosine-5'-trisphosphate has a major role in repair to intracellular 
damage after ionizing radiation and increased levels are most likely related to 
homeostatic regulation able to cope with physiological demands which follow 
radiation injury (12). 

Sijens et al (3) have reported the response of a murine mammary carcinoma 
NU-82 in DBA-2 mice, to 10 Gy of gamma radiation. During the first 8h after 
this radiation the ratio ATP/inorganic phosphate increased. They hypothesise 
this effect is related to repair of radiation damage in particular to 
restoration of membranes. Benova et al (13, 14) reported that the protection of 
C57BL male mice from genetic radiation damage in germ-cell structures was 
achieved by using a combination of ATP, aminoethylisothiurorium Br-HBr and 
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serotonin. This reduced by half, the number of meta phases with trans 1 oca t ions 
observed after 3 and 4 Gy x-rays to mouse spermatogonia, compared with 
irradiated mice not receiving the compounds. Removal of exogenous ATP from this 
combination led to a significant reduction (59%) in protective effect. 
NADP-ICDH mediated reactions are sources of reducing equivalents. The 
augmentation in the specific activity of this enzyme and its associated reducing 
equivalents may give protection against radiation damage. The enhanced activity 
of NADP linked dehydrogenase results from increased anabolic activity following 
radiation. Modification of the cellular energy supply by using cytotoxic 
compounds could therefore be an effective way to modulate cellular repair 
processes (15, 16). Mitoxantrone has been shown to decrease ATP production in 
rat heart slices in vitro (5) and here it is shown for the first time to 
decrease ATP production in tumours. Irrespective of the mechanism involved in 
the phenomena of repair, the present data show that if ATP levels fall as a 
resu 1 t of interference from mitoxantrone, repair processes may be rna rked 1 y 
inhibited as a result of reduced energy production. If the repair processes are 
slowed, a greater number of repairable lesions may be converted into lethal and 
non- rep a i rab 1 e forms. Hence, for there to be effective repair processes, a 
higher ATP production must be superimposed upon the normal metabolic requirement 
for tumour cells. 
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PROPOSED TECHNICAL CRITERIA FOR STABILIZATION OF WASTES AND 
DECOMMISSIONING AND DECONTAMINATION AT FACILITIES USED TO RECOVER 

HAFNIUM, ZIRCONIUM, AND RARE EARTHS FROM SOURCE MATERIAL 

Edward Y. Shum and *William T. Crow 
Office of Nuclear Material Safety and Safeguards 

U. S. Nuclear Regulatory Commission 

INTRODUCTION 

On January 7, 1983, the United States Congress enacted Public Law 95-425, 
the Nuclear Waste Policy Act of 1982, to protect public health and the envi
ronment from the effects of radioactive waste. In Section 151(c), Subtitle D, 
of the Act, Congress stated its finding concerning the disposition of the 
special sites and wastes associated with licensed activities to recover zirconium, 
hafnium, and rare earths: " ... the Secretary (of Energy), upon request of the 
owner of the site involved, shall assume title and custody of such waste and the 
land on which it is disposed when such site has been decontaminated and stabilized 
in accordance with the requirements established by the Nuclear Regulatory 
Commission (NRC) .... " 

The Nuclear Regulatory Commission (NRC) has developed technical criteria 
for stabilization of wastes and decontamination and decommissioning of these 
facilities. The radiological characteristics of the typical wastes and the 
technical criteria are discussed in the following sections. 

RADIOLOGICAL CHARACTERISTICS OF WASTES AND POTENTIAL HEALTH HAZARDS 

The ores of zirconium, hafnium and rare earths generally also contain source 
materials such as thorium and uranium. Because of its source material contents, 
such operations are licensed by the Nuclear Regulatory Commission (NRC) or its 
Agreement States. Wastes materials generated during the processing of such ores 
can therefore contain natural uranium and thorium and their respective daughter 
products. These are the same naturally-occurring radionuclides contained in 
uranium and thorium mill tailings, although the relative concentrations of 
certain nuclides in special site wastes may differ substantially from those 
found in the mill tailings. In general, the thorium plus uranium concentration 
in the ores range from 0.05 percent to 10 percent depending on the origin of the 
ores. 

At some of these sites, the ores and processing wastes, including most 
or all of the radionuclides present in the ore, have contaminated the soil 
and facilities; and small quantities may have been discharged directly onsite 
to land. The radiation produced by the radioactive component of the contamina
tion is expected to be the primary source of potential hazard associated with 
these sites. 

*Now as principal consultant 
affiliated with Crow & Associates 
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Radionuclides in the uranium and thorium decay chains emit alpha, beta, 
and gamma radiation. The general pathways for radiation dose to person are 
from direct radiation, inhalation, and ingestion. The most significant pathways 
are from direct gamma radiation and from the inhalation of radon and its 
daughter products. The following technical criteria for decontamination and 
decommissioning (D&D) of sites and stabilization of source materials onsite are 
mostly emphasizing the reduction of radon emission and direct gamma radiation 
to acceptable levels. It is also assumed that the daughter products of the 
uranium and thorium series are generally in secular equilibrium. Any deviation 
from this assumption will be treated on a case-by-case basis. 

PROPOSED CRITERIA FOR DECONTAMINATION AND DECOMMISSIONING (D&D) 

Some of the land, structures, and equipment at these sites can be released 
for unrestricted use after clean-up by the licensee to the following criteria. 

1. Structures, equipment to be released for unrestricted use shall be 
decommissioned and decontaminated so that: 

a. Direct gamma radiation exposure rates shall not exceed the 
background level by more than 20 ~R per hour in any occupied or 
habitable building. Radon emanation to the interior of buildings 
shall be controlled in a manner that will ensure the annual average 
radon and its daughter product concentration within the structure is 
less than 0.03 working level (WL) and where reasonably achievable, 
below 0.02 WL. These criteria are taken from the U. S. Environmental 
Protection Agency's (EPA) standards established in 401CFR 192 for 
protection against uranium and thorium mill tailings. 

b. Surface residual radioactive contamination levels are as low as 
reasonably achievable (ALARA). Facilities and equipment below the 
levels established in NRC's "Guidelines for Decontamination of 
Facilities and Equipment Prior to Release for Unrestricted Use or 
Termination2of Licenses for Byproduct, Source, or Special Nuclear 
Materials" are considered in compliance with this criterion. 

2. The concentration of radium-226 and radium-228 in land averaged over areas 
of 100 square meters, shall not exceed natural background levels by more 
than: 

a. 5 pCi/g, average over the first 15-cm surface thickness, or; 

b. 15 pCi/g, average over any 15-cm thickness that is more than 15 em 
below the surface. 

These limits are from the EPA's clean-up standards specified in 40 CFR 192. 
These limits are applicable only if the daughter radionuclides in the soil 
are in secular equilibrium with the parent nuclides. 
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PROPOSED CRITERIA FOR ONSITE STABILIZATION OF WASTES 

Wastes generated at these sites are allowed to be disposed of onsite by 
stabilization meeting the following criteria: 

1. Controls used to meet the stabilization criteria will be designed to be 
effective for up to one thousand years, to the extent reasonably achievable 
and in any case, for at least two hundred years. 

2. Controls shall be designed to provide reasonable assurance that releases 
of radon-222 and radon-220 to the atmosphere from residual radioactive 
material will not: 

a. 

b. 

Exceed an average release rate of 20 pCi/m2-sec or; 

Increase the annual average concentration of radon-222 and radon-220 
in air at or above any location outside the disposal site by more 
than 0.5 pCi/liter. 

The above stabilization criteria are from the EPA's standards as specified 
in 40 CFR 192. 

3. The site must be graded and drained to divert all surface water away 
from the waste area and located so that the integrity of the waste 
confinement is not jeopardized by the 100-year flood. 

4. Waste shall be stabilized in a manner that provides maximum assurance 
that slumping or differential subsidence does not jeopardize containment 
integrity. 

5. A multiple-layer cover shall be constructed over all disposed waste. 

6. A soil stabilization program shall be implemented to minimize erosion 
of the cover or other engineered barriers formed of earthen materials 
and constructed on the surface. 

7. An integrated drainage system shall be installed to remove surface 
runoff and infiltrated drainage water from the waste cover. 

8. The cover shall be designed and installed to retard water from 
percolating into the waste. 

9. The waste cover shall include a barrier that is designed to deter 
living organisms from breaching its integrity. 

10. The disposal site should be located so that wastes are not subject 
to intrusion by ground water. 

11. The disposal site should be located so that the integrity of the waste 
confinement is not jeopardized by geologic hazards. 
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CONCLUSION 

The NRC staff believes that if these special sites are cleaned up and 
stabilized to the above technical criteria, they can be transferred to and 
under the custody of the Department of Energy for long-term control and 
maintenance and should not create an adverse impact to the environment. 

REFERENCES: 

1. U. S. Environmental Protection Agency. "Final Environmental Impact 
Statement for Standards for the Control of Byproduct Materials from 
Uranium Ore Processing." 40 CFR 192, EPA 520/1-83-008-1, September 1983. 

2. U. S. Nuclear Regulatory Commission. Guidelines for Decontamination 
of Facilities and Equipment Prior to Release for Unrestricted Use or 
Termination of Licenses for Byproduct, Source, or Special Nuclear 
Material, August 1987. 
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RADIOLOGICAL PROTECTION CRITERIA FOR THE RECYCLING OF MATERIALS 
FROM THE DISMANTLING OF NUCLEAR INSTALLATIONS 
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CEC, Luxembourg 

F. Luykx 
CEC, Luxembourg 

A considerable fraction of the materials used in the 
construction of nuclear installations will, on decommissioning and 
dismantling, be only Lightly active or contaminated. These 
materials could have high economic value and this provides an 
incentive for recycling or reuse. 

The recycling of materials from the dismantling of nuclear 
installations, either as scrap or as discrete items, would require 
them to follow conventional processing and marketing procedures 
which do not provide for further radiological control. Since 
numerous installations are reaching the end of their working Life, 
and since Large quantities of such scrap and items circulate 
between the various countries the radiological problems of 
recycling would have to be resolved on an international scale. 

On the initiative of the Commission of the European 
Communities, the Group of Experts set up under the terms of Article 
31 of the EURATOM Treaty to advice the Commission on radiological 
protection standards, set up a Working Party to Look into these 
problems and propose appropriate criteria. The Working Party 
prepared a report in which the impact of recycling was assessed, 
criteria directly applicable to steel scrap and equipment from 
nuclear power plants were proposed and methods described which can 
be applied for the development of criteria for other valuable 
metals, such as copper and aluminium, and other nuclear 
installations. On the basis of this report, the Group of Experts 
issued a recommendation to national authorities which includes the 
criteria set out below. 

There have been extensive studies of power reactor 
decommissioning in the US <1,2,3) and Europe (4), but no practical 
experience has been gained yet. These studies show that the total 
quantity of steel in the active areas of a Large <1000 MWe) 
pressurized water reactor or boiling water reactor is approximately 
10,000 tonnes, of which about half has a potential for recycling 
with currently available techniques. An advanced gas cooled reactor 
of the 600 MW(e) class would also contain in its active areas about 
10,000 tonnes of steel with a similar potential for recycling (5), 
whereas the quantity of steel from active areas resulting from the 
decommissioning of a typical steel pressure vessel Magnox reactor 
would be about 13,000 tonnes, of which about a third may be 
suitable for recycling <6 7). 

In the study attention was paid to existing examption criteria 
and Limits <8,9); it was concluded that a suitable basis for 
establishing criteria for recycling was not available. Two 
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approaches to the problem were explored, one based on defining 
acceptable individual and collective dose Levels, the other based 
on setting "clearance" Levels for the activity concentration of the 
materials concerned, such that the potential individual and 
collective doses resulting from recycling would be insignificant. 
An analysis of current regulatory practice showed that the 
stipulation of dose Limits for the practice of recycling poses 
practical, and sometimes intractable, problems for both regulators 
and operators. The requisite criteria were consequently formulated 
based on activity concentration Levels. These are: 

For /.Jiy radiation Bq.g- 1 averaged over a 
1000 kg, to avoid the inclusion of highly active 
average mass there is _a.p additional requirement 
item may exceed 10 Bq.g . 

maximum mass of 
items within the 

that no single 

- To comply with IAEA regulations (10) for the safe transport of 
radioactive materials the surface activity fo.!'z pI (J radiation 
would have to be Limited to 0.4 Bq.cm for non-f~xed 
contamination on accessible surfaces, averaged ~ver 300 em or 
over the surface area if Less than 300 em ; for fixed 
contamination the mass activity concentration clearance Level is 
assumed to apply. Th~ 2surface activity foro( radiation ~s to be 
Limited to 0.04 Bq.cm measured over any area of 300 em of any 
part of the surface. For both /1 I,( and o( concentrations, if 
doubt exists for non-accessible surfaces, the activity must be 
assumed to be higher than the respective clearance Level. 

The recommended clearance Levels are intended to apply to the 
total activity concentration of all nuclides, i.e. not only those 
due to residence in a nuclear installation, but also those present 
in the raw materials that were used in the manufacture of the 
steels and equipment involved, and those added during the 
manufacturing process <such as Co-60 used to indicate the wear of 
furnace Liners). 

Examination of the question of the boundary at which the 
criteria would be applied Led to the conclusion that it is not 
necessarily, in every case, either the boundary of the Licensed 
site or processing plant or of the state concerned. The relevant 
boundary is that at which all control is in fact relinquished, and 
as such may vary from case to case. 

A generic assessment of radiation exposures resulting from the 
recycling of materials was performed, in which individual and 
collective doses to workers and the public were evaluated 
corresponding to various activity Levels, in order to appreciate 
the relative impact of each radionuclide and to identify the most 
Limiting cases. At the clearance Levels recommended, the maximal 
i n d i v i d u a L do s_; t o w o r k e r s o r me m be r s of t he pub L i c w o u L d be L e s s 
than 10 ~Sv.a The collective dose from the recycling of 10000 
tonnes of steel in a year, arising for example from the dismantling 
of two Large PWRs, would be about 1 man Sv. In exceptional 
circumstances, associated with very Low probabilities of 
occurrence, the dose to the most exposed individual from the direct 
reuse of scrap or equipment having an activity concentrTtion equal 
to the Level recommended might be greater than 10 ~Sv.a , but the 
individual risk is not expected to increase (11). Similarly, the 
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recycling of amounts of materials greater than 10000 tonnes per 
year will result in a linear increase in the collective dose but 
will have no effect on the magnitude of individual doses. 

For materials with levels of activity concentration above the 
proposed clearance levels, a case-by-case assessment, of the kind 
currently performed by the competent authorities in accordance with 
national regulations, may be required for a particular recycling 
application. 

It will be the responsibility of the national authorities 
concerned to ensure compliance with the recommended clearance 
levels. It should be noted, however, that appropriate techniques to 
ascertain such compliance already exist. To this end, a monitoring 
programme should be designed and applied, once all significant 
parameters relevant to the components or metals being released have 
been identified. This programme should include survey plans for 
surface contamination measurements, sampling techniques and 
analyses for activation products, selection of appropriate portable 
field instruments and fixed and mobile laboratory equipment, and 
quality assurance methods for the documentation and control of 
measuring and sampling procedures, instructions, processes and 
equipment. 

It should be noted, however, that practical problems of 
measurement may well arise in the case of the very low mass 
activity concentration for alpha emitters derived from the above 
clearance level for surface contamination. In addition, the 
experience gained to date with materials having a potential for 
recycling shows that the alpha activity, if present, is in the form 
of surface contamination. For these reasons a clearance level for 
the mass activity concentration of alpha emitters, has not been 
recommended. 
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CONTAMINATED MATERIALS FROM MAINTENANCE REFURBISHMENT AND 
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1. INTRODUCTION 

In the course of maintenance, refurbishment and decommission
ing of nuclear facilities large amounts of materials with very low 
level specific or surface activities arise, which may be handled 
either as conventional waste, reused and recycled conventionally 
or treated as radioactive waste. In any case it is necessary to 
define criteria which allow to discriminate between the two main 
options. When establishing such criteria one should start at the 
basic radiation protection criteria given by ICRP 26. 

2. JUSTIFICATION AND APPLICATION OF THE ALARA-PRINCIPLE 

It has been estimated that in the OECD-countries the equiv
alent of two hundred 1000 MW(e) nuclear power plants will be 
definitely shut down in the period from 1996 to 2010. Studies have 
shown, that e.g. the total quantity of steel in a large PWR is 
approximately 10,000 tonns, of which half has a potential for 
recycling with currently available techniques. (1) That means that 
recycle and reuse of very low level contaminated or activated 
steel scrap from decommissioned NPP' s offer the potential for 
extending the life time of valuable natural reserves and is of 
particular interest for materials which are in short supply in the 
world and for materials whose extraction from the earth crust is 
difficult and expensive. In addition an economic benefit from 
recycling might arise from the recovered value of the recycled 
material and the savings to be made in costs of conditioning, 
packaging, storage, transport and especially the disposal of large 
volumes of very low level radioactive material as radioactive 
waste. 

On the other hand however it must be seen that the release of 
large amounts of very low level radioactive materials for unre
stricted recycle or reuse will cause the exposure of many people 
to ionising radiation even if only with very low doses. In order 
to minimize this exposure in the Federal Republic of Germany the 
first option for recycle and reuse of very low level active mate
rials, especially steel scrap is to restrict the recycle and reuse 
to the nuclear field as far as possible. How this is already prac
ticed will be described in chapter 4. 

3. ESTABLISHMENT OF ACTIVITY LIMITS FOR UNRESTRICTED RELEASE 

There seems 
annual effective 

to be already international agreement that the 
dose equivalent to the most exposed individuals 
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caused by the unrestricted release of materials from decommissi
oned nuclear facilities should not exceed the order of magnitude 
of 10 ~Sv.The IAEA e.g. requested that a source or practice can be 
exempted from notification, registration and licensing provided 
that: 

(1) The annual effective dose equivalent to individuals of 
the critical group at no time exceeds 10 ~Sv, and the 
annual dose equivalent to skin does not exceed 500 ~Sv; 
and 

(2) The collective effective dose equivalent commitment 
from the exempted source or practice is of the order of 
1 manSv or less. (2) 

There arises the question whether the requirement "at no time 
exceeds 10 ~Sv" is not to strict. In order to demonstrate that 
release limits given as specific activity and surface contamina
tion are in compliance with the dose limits, it is necessary to 
use exposure scenarios by which the exposure of individuals can 
be derived from the release of material of given mass and activi
ty. Numerous studies exist in this field. (3, 4, 5, 6, 7) One of 
the common results is that in most cases the external irradiation 
by gamma-emitting radionuclides dominates the doses to people 
exposed to these materials. 

But all scenarios which might be established can never be 
conservative enough that it could not be possible to describe one 
which is still more conservative. Therefore it seemed desirable 
however, to have a method available to assess the actual doses to 
individuals of the general public. Based on this information, one 
could derive release criteria. The release of radioactive metals 
from the controlled area for unrestricted use and the processes of 
recycling have basically a stochastic character. The pathways of 
these materials cannot be predicted deterministically and the 
quantities which are relevant for the radiological assessment are 
fluctuating. Consequently a stochastic simulation of the complete 
process of scrap release, scrap processing, steelmaking, product 
manufacture and the use of products including exposure scenario on 
each of these stages presents an adequate approach. Such a proba
bilistic model has been developed (8),some of the important input 
parameters of which are listed in Tab. I. 

Tab. I: Basic parameters for the stochastic simulation of 
scenarios 

Amount of scrap released 

Contamination release level 

Release level for 
"specific total activity" 
((surface+ bulk activity)/mass)) 

Average fraction of activated scrap 

1000 t 

0.37 Bq/cm 2 

1 Bq/g 

0. 1 

Note: Only external gamma-exposure taken into account. 



The result of each simulation is a distribution of individual 
doses. Fig. 1 shows the average dose distribution received by 
multiple repetition of the simulation. The distribution of the 
maximum doses received after 200 fold repetition of the simulation 
process is given in Fig. 2. One sees that the requirement of the 
IAEA that 10 jlSv/a is never exceeded is not fullfilled but that 
the number of cases were this figure is exceeded is rather limited 
and the maximum doses remain within one magnitude of order above 
10 jlSv/a. 

Fig. 1 Distribution of lig. 2 Dislribution of 
individual doses. maximum individual 
N: Average number doses. Nr: Number 
of persons who re- of events with the 
ceived doses in a maximum dose in a 
certain range. certain range. 

100 N, 

N "10 

30 

20 

10 

j ~~ 
0 I 2 

0 
3.16•10 

I 
10 10 

2 10 10 10 10~ 

H (I'Sv/a) 

No - 210 ( 3,UI vsv/a .: II .: 10 vSv/a 

Nt 10 ( H :lo 10 ySv/a 

These results were used in order to support the establishment 
of the following release criteria in the Federal Republic of Ger
many. They are to be applied for the time beeing for steel scrap 
coming from NPP only: 

a) Unrestricted release: Completely unrestricted release is 
possible if the specific overall activity is not higher 
than 0.1 Bq/g and the surface contamination does not ex
ceed 0.37 Bq/cm 2 for beta-gamma-emitters and 0.037 Bq/cm 2 

for alpha-emitters. All single items have to comply with 
these limits. The surface contamination may be averaged 
over 100 cm 2

• 

b) Release for general melting: The release of scrap material 
for general melting in a normal steel furnace together 
with other inactive scrap is possible if the specific 
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overall activity of each single item is not higher then 1 
Bq/g and at the same time the surface activity conditions 
as for unrestricted release are complied with. The produc
er of the scrap just has to demonstrate that the scrap 
material he is going to release is really going into a fur
nace. The owner of the furnace does not need any licence 
for handling this material. 

c) Controlled recycling: If the specific overall activity of 
1 Bq/g is exceeded or it is not possible to measure this 
because the scrap items are of to complicated geometrical 
shape or are to small a controlled melting is possible 
under a special licence according to the German Radiation 
Protection Ordinance. The only condition is that if the 
product material is going to be released unrestrictedly 
the specific activity must not exceed 0.1 Bq/g. In any 
case the resulting specific activity of the material must 
not exceed 1 Bq/g. The competent authority can allow that 
this material is used outside controlled areas if it can 
be foreseen that nowbody receives an enhanced exposure by 
this. 

In all three kinds of release for any single case a licence 
by the competent authority is necessary. 

4. RECYCLING WITHIN THE NUCLEAR FIELD 

As mentioned above, the 
scrap is to do this within the 
Germany by several producers 
and Co. ( 9) They started with 
now about 1000 t of metallic 
way to melt is in short: 

basic requirement for recycling of 
nuclear field. This is practiced in 
and the Siempelkamp Giesserei GmbH 
this idea already in 1981 and up to 
waste were melted and recycled. The 

- cutting the material and filling into 200 1-drums; 

- charging the material into the furnace by using a special 
developed charging device; 

- melting in an induction furnace under low pressure by tight 
enclosure of the melting bath; 

- keeping low pressure by a filter system, which filters all 
evading radioactive aerosoles coming from the melt. 

To be able to melt in this special manner several licenses 
had to be achieved by the German authorities, who restricted the 
activity of the contaminated scrap to be melted to not more than 
74 Bq/g. All the material being melted is used to produce compo
nents for nuclear facilities like waste and transport containers, 
shielding plates, crane testweights etc. 

REFERENCES: Information through the authors. 
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INTRODUCTION 

The International Atomic Energy Agency (IAEA) and other international 
groups for the past several years have been investigating the possibility of 
exempting from regulatory control certain radiation sources and practices, 
initially under the general heading of de minimis. Much of the interest in 
this topic arises from the recognition that a significant fraction of the wastes 
from industry, research, medicine, and the nuclear fuel cycle are contaminated 
to such low levels that the associated risks to health are trivial. Therefore, 
the application of regulatory processes seems to be unwarranted. Recently, 
the IAEA work has been conducted by Advisory Groups on two interrelated levels: 
to establish principles for exemption, and to apply the principles to various 
areas of waste management. In the second area, the main objectives have been: 
1) to illustrate a methodology for developing practical radiological criteria 
through the application of the IAEA preliminary exemption principles, 2) to 
establish generic criteria, and 3) to determine the practicability of the pre
liminary exemption principles. The method used by the IAEA Advisory Groups to 
develop the criteria relies on a modeling assessment of the potential radiation 
exposure pathways and scenarios for individuals and population groups following 
the unrestricted release of materials. The scenarios and models used are neces
sarily generic; however, an attempt was made by the Advisory Groups to identify 
the most important pathways based on available literature. The generic scenarios 
and methods are intended to provide the basic framework for the numerical deri
vation of generic exempt quantities that would be adequately conservative in 
most situations. This paper describes the IAEA's assessment methodology and 
presents the generic results expressed in terms of the limiting activity concen
trations in municipal waste and in low-activity materials for recycle and reuse. 

PRELIMINARY EXEMPTION PRINCIPLES 

As the result of recent IAEA Advisory Group efforts on the subject of exemp
tion, the IAEA published interim general principles for exemption of sources and 
practices that result in both individual and collective doses of very low sig
nificance (IAEA 1987a). The principles are intended to be quite general and 
applicable to any type of manmade radiation source that gives rise to trivial 
risks; they do not, however, apply to natural sources of radiation. These 
interim exemption principles provide a safety margin to account for selected 
individuals who may be exposed to radiation from several exempted sources and 

(a) This work was supported in part by the International Atomic Energy 
Agency and the U.S. Department of Energy under Contract DE-AC06-76RLO 1830. 
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to account for the uncertainty of future human activities. With this safety 
margin in mind, an Advisory Group to the IAEA recommended that the individual 
doses from a single exempted source or practice should not exceed 1% of the 
existing individual dose limit for members of the public, or 10 ~Sv. This 
dose equivalent is less than 0.5% of the annual effective dose equivalent from 
natural background radiation and is small compared with the natural variation 
in background radiation. For skin doses, the IAEA Advisory Group also recom
mended a dose limit of 1% of the existing limit, or 500 ~Sv (IAEA 1987a). 

The IAEA Advisory Group also recommended that consideration be given to con
trolling the collective dose to provide additional assurance that many small 
doses will not add to a significant total and to guard against the possibility 
that this could occur without the knowledge of controlling authorities for 
sources which are exempt and, therefore, not subject to notification and regis
tration. The Advisory Group recommended that as part of the "basic case" for 
exemption, the collective effective dose equivalent commitment from the exempted 
source or practice should be about 1 person-Sv or less (IAEA 1987a). This 
does not preclude national authorities from exempting sources that give rise 
to larger collective doses, but merely establishes a condition below which no 
further consideration needs to be given on the radiological basis for exempting 
a source. The Advisory Group considered that sources and practices which comply 
with the conditions relating to individual and collective dose may be exempted 
from the normal regulatory requirements of registration and notification, and 
treated just as if no radiation exposures were involved. 

DESCRIPTION OF GENERIC METHODS 

Exempt quantities, expressed in units that relate to radiation-detecting 
instruments, are a more practical expression of the general exemption principles. 
The steps used by the IAEA Advisory Groups in deriving exempt quantities for a 
defined source or practice involve: 1) establishing a series of radiation 
exposure scenarios that account for various exposure pathways and conditions, 
2) estimating the resulting radiation doses to individuals and population groups 
for these scenarios, 3) determining the limiting (highest dose) scenario for each 
radionuclide, and 4) determining the concentration of individual radionuclides 
that would result in the exemption criteria (dose limits). In assessing the 
radiation doses, the IAEA Advisory Group advised that care must be taken in the 
selection of parameters, assumptions, and data (IAEA 1987b). For their assess
ments, the IAEA Advisory Group judged scenarios on the likelihood of their occur
rence leading to human exposure and the likely magnitude of those exposures. 
In addition, the potential exposure of a critical population group was necessary. 

In their evaluations to date, the IAEA Advisory Groups have considered: 
1) disposal of exempt wastes in a sanitary landfill (IAEA 1987b); 2) disposal 
of exempt wastes by incineration (IAEA 1987b); 3) recycle of contaminated steel, 
aluminium, or concrete;(a) and 4) reuse of concrete buildings, tools, or equip
ment.(a) The radiation exposure pathways included external exposure to pene
trating radiation, inhalation of airborne material, and ingestion of contaminated 
food crops or removable surface contamination (through secondary transfer from 
hands to the mouth). A variety of representative radionuclides were considered 
to fully explore the radionuclide-dependence of the resulting exemption limits. 
These radionuclides were chosen to represent alpha emitters (239Pu and 241Am), 

(a) As described in a draft working document on "The Application of 
Exemption Principles to Wastes from Decommissioning and Recycle of 
Materials from Nuclear Facilities." 
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high-energy photon emitters (60Co), low-energy photon emitters (55Fe), and 
pure beta emitters (90sr and 99Tc). 

The potential radiation exposures resulting from different scenarios that 
may be envisaged have a probability of occurrence that may range from zero to 
one. Thus, judgment is necessary when including scenarios for the derivation 
of exempt quantities. As a result, most attention was paid to those scenarios 
where individuals could have direct contact with the radioactive materials. 
These scenarios included workers at landfills, incinerators, smelters or recycle 
centers, and consumers who may use materials made from recycled materials or 
who reuse released buildings, tools, or equipment. Additional scenarios, such 
as use of ground water near a landfill or release of volatilized material through 
the stack at a smelter, were also included to provide an estimate of the likely 
collective dose. 

RESULTS AND DISCUSSION 

Example results for the groupings of reference radionuclides and the various 
types of exemption considered by the IAEA Advisory Group are summarized in 
Table 1. The results are presented in terms of reasonably expected ranges, based 
on the various radionuclides in each group, and the expected variation among 
exposure scenarios. Control of the future fate of exempted materials through 
unrestricted release is lost; thus, material exempted for recycle or reuse 
could be disposed of in a landfill, or material exempted to a landfill could 
be recycled or reused. Because of the lack of future control, the proposal has 
been made that a single exempt quantity should be established which would cover 
all alternative future conditions, without placing specific limitations for 
landfill disposal, incineration, recycle, or reuse. This appears to be possible 
because of a close grouping of the results shown in Table 1 across most radio
nuclide and unrestricted-release categories. 

TABLE 1. Example Exempt Quantities for Various Exemption Categories 

High-Energy Low-Energy 
Alpha Photon Photon 

ExemQtion Categorl Emitters Emitters Emitters 

Sanitar) Landfill 1 - 10 0.1 - 10 (a) 
(Bq g-1 

Incineration 0.1 - 100 0.5 - 10 (a) 
(Bq g-1) 

Recycle(b) 1 - 10 1 - 10 104 - 105 
(Bq g-1) 

Buildin~ Reuse 1 - 5 0.004 - 1 10 - 100 
(Bq em- ) 

Reuse of Tools and 10 - 100 10 - 100 60 - 500 
Equipment (Bq cm-2) 

(a) No radionuclides were considered for the scenarios shown. 
(b) For recycle of steel, aluminium, or concrete rubble. 
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Emitters 

300 - 600 

102 - 103 

40 - 300 

60 - 500 

102 - 103 



Three potential groupings of released material are: 1) mass concentrations 
(in units of Bq g-1), 2) surface contamination in buildings (in units of 
Bq cm-2), and 3) surface contamination on reused tools and equipment (in units 
of Bq cm-2). Further, it appears that a set of radionuclide groupings could 
be made by combining the high-energy photon emitters and alpha emitters into a 
single grouping across all categories. The resulting overall exemption limits 
are summarized in Table 2. 

TABLE 2. Preliminary Exemption Limits for all Release Categories 

Limit Category 

Mass Concentration 
(Bq g-1) 

Building Surfaces 
(Bq cm-2) 

Reuse of Tools and 
Equipment (Bq cm-2) 

High-Energy 
Photon and 

Alpha Emitters 

1 - 10 

0.1 - 1.0 

101 - 102 

Low-Energy 
Photon and Pure 
Beta Emitters 

102 - 103 

102 - 103 

102 - 103 

Again, ranges of values are shown to denote the potential variations of 
radionuclides and exposure conditions. For mixtures, the sum of the fractions 
rule could be applied. The net result for mixtures is that the limit is con
trolled by the most restrictive radionuclides present. It may be noted that 
for all scenarios considered, the individual dose criterion is limiting in 
relation to the exempt mass concentration and surface contamination limits; 
the collective dose criterion is the determining factor, however, in assessing 
the total quantity of material that may be buried, incinerated, or recycled. 
The IAEA work will continue, because further studies are needed to determine if 
additional practical considerations (including costs and detectability) will 
change the results or the basic conclusions. At the same time, the preliminary 
exemption principles will be reviewed again, taking due account of the experience 
gained through these applications. 
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PRE-DECOMMISSIONING ENVIRONMENTAL INVESTIGATIONS AT 
THE GARIGLIANO NUCLEAR POWER PLANT 

M. Cambiaghi*, A. Garofalo**, G. Queirazza*** 
* CISE S.p.A., C.P. 12081 - 20134 Milano (Italy) 
** ENEL, Garigliano Power Plant, C.P.6, Scauri (Italy) 
*** ENEL - CRTN, Via Rubattino 54 - 20134 Milano (Italy) 

INTRODUCTION 

Garigliano power plant is a 160 MWe Boiling Water Reactor with 
dual cycle. It was operated from 1964 to 1978 generating 12.5 10 9 

KWh with a capacity factor of 68%. In August 1978 it was shut
down due to damage to one of the two secondary steam generators. 
In March 1982 the Italian Electricity Generating Board (ENEL) de
clared it definitively out-of-service. In December 1982 ENEL 
approved an "Action Plan" to put the Garigliano plant in safe 
storage conditions (Stage 1) for at least 30 years. Specific stu
dies (1-3) were started as well to select the best decommis
sioning alternatives. A feasibility study on dismantling and on 
the decontamination of all the building components was carried 
out to start up the decommissioning procedure of the turbine 
building. The aim of present investigations is to evaluate the 
radiological status of the environment before any decommissioning 
programs. Since most decommissioning projects can yield a large 
volume of low levels of radioactive liquid of effluents, a previ
sional aquatic model (4) was developed to simulate the radionu
clide transport and distribution in the aquatic ecosystem. 

RADIOECOLOGICAL INVESTIGATIONS 

Two field investigations were carried out in 1985 and 1986. Howe
ver the present paper reports only the data of the campaign 
carried out before the Chernobyl nuclear accident. 

RADIOACTIVITY DISTRIBUTION IN TERRESTRIAL ENVIRONMENT 

The investigated area is located within 15 km from the Nuclear 
Plant. The following environmental matrices were considered: 
agricultural and undisturbed soils, well water, and foodstuffs 
(both vegetable and animal}. Only ~ 37 Cs was detected in the 
examined matrices, except for drinking water from wells (Fig. l}. 
No 6 °Co was measured above the detection limit (foodstuffs, 
0.02 Bg/Kgw.w. and soil, 0.35 BqjKgw.d.} in the direct gamma ray 
spectrometry. The activity of ~ 37Cs, mostly due to deposition 
from nuclear tests in the atmosphere, and gross alpha and beta 
activity, as obtained from radiochemical separation, decrease 
according to the following series: soil > vegetables > eggs > 
milk > meat. By using the derived working limits (DWL"} it is 
possible to assign a radiological meaning to the measured activi
ties. An individual exposition of 5 10- 2 mSvfy was considered and 
accordingly the following DWL" were derived: for foodstuffs DWLa 
239Pu 11 BqjKgw.w and OWL~ 90Sr = 55 Bq/Kgw.w.; for soil DWLa 
23 9 Pu = 444 Bq/Kgw.d. and DWL~ 90Sr = 185 Bq/Kgw.d .. 
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The meaAured groAs alpha and beta activities, however, are l to 3 
orders of magnitude lower than DWL~ for foodstuffs, whereas in 
soils the measured beta activity is similar to the DWL~ and 
the alpha activity is lower by a factor of two with respect to the 
DWLa In addition it is worthwhile to underline that the measu
red gross alpha and beta activities include a large contribution 
from natural radioactivity as the used radiochemical separation 
techniques (5) only partially discriminate between natural and 
artificial radioactivity. 

RADIOACTIVITY DISTRIBUTION IN RlVER AND MARlNE ENVIRONMENTS 

A reach of the Garigli~no river of 12 km from power plant to the 
mouth was considered, while the investigated marine environment 
is shown in Fig. 2. In both environments the following matrices 
were considered: water, suspended matter, sediment, vegetables 
and fish (edible portion). Artificial radioactivity, due to 6 °Co 
and 137Cs, was measured in the following decreasing order: sedi
ment> vegetables> fish (only 137 Cs) >water (only ~ 37 Cs). 
The 137 Cs activity in river and marine fish and vegetables 
is Aimilar. Conversely 6 °Co activity in vegetables is higher in 
river ecosystem (6 Bq/kgw.w.) than in marine macrophytes (less 
than 0.09 Bq/Kg w.w. ). A different distribution of 6 °Co and 1 3 7Cs 
is shown also in sediments; the 137Cs/ 6 °Co activity ratio is 0.59 
in river environment and 6.7 in marine environment. It must be 
pointed out, however, that the 137Cs levels are just of the same 
order of magnitude upstream and downstream the power plant and in 
the marine ecosystem. The spatial distribution of ~ 3 ~Cs and 6 °Co 
are shown in Fig. 2. 137 Cs activity appears to be evenly 
distributed, whereas it is possible to locate points of ac 
cumulation of 6 °Co. A deeper reading at the above reported 
results indicates that: 137Cs activity is mostly due fallout 
depositions with respect to the one released from the plant, 
whereas the contrary happens for 6 °Co activity; - the different 
spatial distribution of 137Cs and 6 °Co may be ascribed either 
to the different origin and to their different mobility in the 
environment; - it is necessary to describe, as accurately as 
possible, the complex transfer processes of radionuclides in the 
environment in order to identify the final fate of artificial 
r~dioactivity releases over large areas. 

AQUATIC MODELLING 

A mathematical model for Distribution of Radio~ctiv1ty Material 
in Marine environment (DRAM) was developed to predict transport 
and distribution of most relevant fission and activation 
nuclides. DRAM is a box model which divides the coastal area into 
three-dimensional zones of uniform physical characteristics. 
Interzonal, external meteoric and evaporative water fluxes are 
associated to each zone. Fluxes between compartments (water, 
particulate, pore water and sediment) in the same zone are calcu
lated assuming that: a) dissolved radionuclides are in equilibri
um with suspended particulate radionuclide; b) suspended particu
late settles out continuosly causing the bottom of each zone to 
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rise with constant velocity. The process is associated with 
movements of radionuclides from the water column to the sediment; 
c) radionuclides flux across the water column sediment interface, 
is modelled through a catch-all parameter: the "diffusional tran
sfer rate", to be experimentally determined. The model has been 
applied to the investigated site. The released radionuclides, 
initially associated with the liquid effluents, are incorporated 
into the Garigliano river and transported to sea. In order to 
obtain the source term, the necessary input for the DRAM model, a 
model of radionuclide river transportation was developed. The 
model is monodimensional and takes care of both dissolved and 
suspended radionuclides and of the tide cycle. 
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MANAGEMENT OF \JASTE CONTAINING RADIOACTIVE MATERIALS 
AND CHEMICAL AGENTS 

A. Alan Hoghissi, Kenneth A. Gablin, and Anibal L. Taboas 
Institute for Regulatory Science 

Alexandria, VA U.S.A. 

INTRODUCTION 

Human activities generate large quantities of unwanted materials and proper 
manageTi!ent of these materials is essential in maintaining a healthy and pleasant 
environment. In the United States, toxic waste is categorized in three groups. 
Materials associated with the nuclear fuel cycle are covered by the Atomic Energy 
Act (AEA), naturally occurring or accelerator-produced radioactive materials (NARM) 
are covered by various other laws, and chemically hazardous waste is covered by the 
Resource Conservation and Recovery Act (RCRA). For the sake of simplicity, 
henceforth, these are referred to as AEA waste, NA&~ waste, and RCRA waste, 
respectively. 

Historically, the first group of waste to be regulated was AEA waste. This 
occurred informally during the 1950's in the facilities of the then Atomic Energy 
Commission, and a decade later in the commercial sector. In contrast to the AEA 
waste, the law mandating a control of RCRA waste was enacted in 1976 and, in a 
stricter form, in 1984. Currently, NARM waste is regulated only at the State 
level. 

DEFINITIONS 

The definition of AEA waste is relatively straightforward. Unwanted materials 
containing uranium or thorium (source materials), plutonium and certain other 
transuranic elements (special nuclear materials), and radioactive materials 
generated as a result of or incidental to the nuclear fission, are defined as AEA 
waste.(l) All other radioactive materials are covered under NARM. The AEA waste is 
further subdivided into low-level waste (classes A, B, and C), high-level waste 
(reprocessing waste), spent nuclear fuel and transuranic waste. Furthermore, U.S. 
law defines a class of waste referred to as above class C low-level waste or class D 
waste.(2) 

In contrast to the definition of AEA and NARM wastes, the definition of RCRA 
waste is complex. There is an inherent problem in categorizing the universe of all 
chemical compounds into two categories, one being hazardous and the other being non
hazardous. Furthermore, the U.S. law defines solid waste as unwanted materials that 
are "solid, semisolid, liquid or gaseous."(3) The law also regulates man-made 
materials and has only recently recognized that natural materials can be also toxic, 
as demonstrated by the recent attempts to control radon in indoor air. 

The initial attempts to define a generic toxicity test failed, and had to be 
replaced with several categories and a process referred to as listing. Currently, a 
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waste is considered "hazardous" if it fails tests dealing with corrosivity, 
reactivity, flammability, and the so-called EP-toxicity. This latter test consists 
of leaching a solid material under specified conditions. If the concentration of 
the leachate exceeds values identified in the regulations, the waste is considered 
RCRA waste. The overwhelming majority of wastes are, however, not covered by these 
tests. Therefore, the regulator has established several lists. If the analysis of 
the waste indicates the presence of a chemical on that list, the waste is considered 
RCRA waste. 

TECHNICAL PROBLEMS IN MANAGING MIXED iJASTE 

Differences in the definition of waste would not constitute a major problem in 
managing a waste consisting of unwanted AEA and RCRA materials. However, there are 
several technical differences in the waste management approach between AEA waste and 
RCRA waste. Management of AEA waste is covered by two basic rules. The first rule 
contains the dose-equivalent limits for the workers and the general public, accepted 
universally, with the added limitation of an individual dose limit of 0.25 mSv to 
the population living around a low-level disposal site.(3) The second rule contains 
the universally accepted ALARA concept. Both of these are performance criteria and 
provide the designing engineers a great deal of flexibility. 

In contrast to these, RCRA waste is basically a design-based system. The 
designing engineer is not told the required performance limits. Instead, he is 
given specific design criteria. For example, the law prescribes that a disposal 
site must have a double liner with leachate collection systems. This prescribed 
design leads inevitably to the so-called "bathtub effect." Rain water is collected 
in the liner, and must be removed and processed like effluents from a hazardous 
waste facility. The law makers have recognized that not all of the water can be 
removed and thus up to 30 em of water is permitted to remain in the system. 

There are many other areas of technical difficulties in reconciling a 
performance-based with a design-based system. For example, every RCRA waste package 
is visually inspected to assure the absence of free-standing water, an unreasonable 
practice for AEA waste because of the exposure to ionizing radiation. Finally, an 
AEA waste disposal site is designed for time frames exceeding a century while RCRA 
waste disposal sites could retain the waste for no more than a few decades. 

INSTITUTIONAL PROBLEMS 

The AEA waste is principally managed by the Federal government. The 
regulations governing the packaging, transportation, and disposal of the waste are 
promulgated by the Nuclear Regulatory Commission (NRC), based on standards set by 
the U.S. Environmental Protection Agency (EPA). The states can adopt these 
regulations and enforce them. These "agreement states" act on behalf of the Federal 
government and can develop additional regulations. For example, many states have 
expanded the rules of AEA to cover NARM. In general, the states must adopt the 
Federal regulations, and thus, there is a large degree of uniformity in the 
regulations dealing with AEA waste. However, the states may develop their own 
disposal site requirements. 

1244 



In contrast to the AEA waste, the laws governing the RCRA waste empowers and 
encourages the states to develop more restrictive requirements than the Federal 
rules in every aspect of waste management. Accordingly, a mixed waste generator who 
meets the requirements of one state is not necessarily assured that he is meeting 
the requirements of the other 49 states. 

DE MINUIIS LEVEL OF WASTE 

Until recently, the public was led to believe that a toxic material is toxic at 
any level and a waste that was once declared toxic was toxic forever. Both AEA and 
RCRA wastes had a "cradle-to-grave" approach by requiring that records had to be 
kept from the time a toxic material arrived at a place until it left. Not 
surprisingly, the volume of the waste increased rapidly, with ever fewer and fewer 
sites to dispose of them. For the AEA waste, the NRC has had an exemption process 
whereby a material could be removed from the coverage of AEA if the delivered dose 
equivalent was negligible. The informally adopted dose equivalent was 0.01 mSv with 
sufficient flexibility to evaluate every case on its own merit. Recently, the NRC 
has proposed a formalization of the process (4) with dose equivalents between 0.01 
and 0.1 mSv considered to be de mini~us. The most likely dose limit is, however, 
0.04 mSv, a limit permitted under the EPA's drinking water standards. 

There is no de minimis process in the RCRA waste system. However, the law 
permits a "delisting" of a listed waste. The process is, however, costly, 
cumbersome, and slow. In effect one is asking for a waiver from existing 
regulations. 

OPTIONS FOR MANAGEMENT OF MIXED WASTE 

From the foregoing, it becomes apparent that proper management of mixed AEA
RCRA waste is associated with significant regulatory and institutional constraints. 
Accordingly, the goal of the waste manager should be to assure a separation of AEA 
and RCRA wastes. 

Mixed waste generated in the U.S. can be categorized in three distinct 
categories. These are 1) AEA waste containing organic RCRA waste, 2) AEA waste 
containing inorganic RCRA waste, and 3) AEA waste containing organic and inorganic 
RCRA waste. 

The treatment option for the first group is reasonably straightforward. In 
these cases, incineration is the preferred treatment option. Much of the waste 
generated in medical and biological research facilities, such as animal carcasses 
and liquid scintillation waste, can be incinerated advantageously with appropriate 
off gas treatment techniques. Tritium and carbon-14 are usually released to the 
atmosphere and other radionuclides, such as isotopes of iodine and phosphorous-32, 
are collected and stored for decay. The incinerator ash can be then disposed as AEA 
waste. Probably much of the waste generated in the nuclear power industry would 
also fall in this category. For example, it is likely that once hydrazine, EDTA, 
organic solvents, various oils and other organic materials are combusted, much of 
the mixed AEA-RCRA waste from a boiling water reactor is no longer a mixed waste. A 
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similar situation exists for pressurized water reactors. In this case, certain 
materials have to be either replaced or treated. For example, chromium-VI should be 
converted to chromium-III. 

The second group mentioned above is clearly mixed RCRA-AEA waste. One should 
avoid generating it and should attempt to reduce its volume by evaporation, 
incineration 1 compaction, and other techniques common in the radioactive waste 
technology.()) 

The third group can also be treated like the first group. However, the product 
resulting from the treatment may remain RCRA waste. Again, here, one can only try 
to reduce the volume of the waste by avoiding its generation and treating it once it 
has been produced. 

One should be aware that the costs of disposal of AEA waste are increasing 
rapidly, not only in the U.S., but also in many other countries. In the past, the 
chemical industry implied that it could not afford to follow the rules of AEA waste 
because of economic constraints. Meanwhile, the cost of disposal of RCRA waste has 
increased to a level that it significantly exceeds the disposal of AEA waste. 

Immobilization techniques used in the radioactive waste technology were 
designed to contain inorganic materials. In general, they are poor for 
immobilization of the numerous organic compounds occurring in the mixed waste. The 
most commonly used agent, cement, is the example of solidification material not 
readily useful for immobilizing. organic materials. 

CONCLUSIONS 

Institutional and legal constraints are the primary cause of the problems 
encountered in the U.S. in managing mixed AEA-RCRA waste. The strategy for solving 
the mixed waste problem should consist of several elements: 

1. A concerted effort to replace RCRA materials with other materials 
2. Waste minimization 
3. Separation of RCRA waste from AEA waste 
4. Volume reduction 
5. Development of performance-based waste management options for mixed waste 
6. Legislative and Regulatory efforts to remove current institutional and 

legal constraints for a risk-based waste management system 
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RADIOLOGICAL IMPACT OF DISPOSING OF HIGH LEVEL WASTE 
GRANITIC REPOSITORY IN ARGENTINA 

IN A 

Palacios,E.; Oliveira,A.A.; Curti, A.; Siraky, G.; Nollmann, C.E. 

Comisio"n Nacional. de Energ{a Atc!mica (CNE~!t), Ar-gentina 

I NTF\ODUCT I ON 

The Argentine nuclear programme is based on natural uranium 
and heavy water reactors. Besides, it is scheduled the use in 
these reactors of veF·y 1 ow er1r .i chment uranium and r-ecycling of 
plutonium produced in this fuel cycle. 

Although 
wastes have 
e:·:pected as 
plant tr.at is 

no significant amounts of 
been produced in Argentina, 
from the operation of a fuel. 
now in an advanced stage of 

liquid high-activity 
their production is 
element reprocessing 

constt-uc:t. ion. 

The repository must satisfy the needs of six nuclear 
stations operating during 30 years, which will generate about 80 
GW.a of electrical energy. The wastes resulting from the 
reprocessing of spent fuel elements for the generation of that 
energy will require approximately 3000 containers of about 0.6 m 
in diameter and 1.6 m high. 
Detailed studies in a preselected site, at Sierra del Media, 
Province of Chubut, are being carried on in order to obtain 
specific design parameters for the repository construction. 

RADIOLOGICAL SAFETY CRITERIA 

Radioactive waste disposal involves isolation of the 
radioactive material. from the human environment over a sufficient 
period to permit its decay to clearly acceptable values. Any 
exposure of man that could still occur would be due to mechanisms 
that may be described as normal scenario or random disruptive 
events. These ones may cause releases before there is sufficient 
decay to make the exposures acceptable. 

Criteria for Normal Scenario~ 

The radiological safety criteria for normal scenarios 
adopted by the Argentine authorities are in agreement with the 
ICRP recommendations (ll.The main objectives are to keep 
individual doses below appropiate limits and to reduce the total 
radiological impact from the disposed wastes as far as it is 
reasonably achievable. In order to limit the contribution from 
i..=.ny P<'•t-tic:ul.2l.r-·· s;c:;ut-cse, 2<.n ''uppF'r··--bound'' ic,;. fi.;-ced 1 whi.cr·, shou.l.d be 
only some fraction of the ICRP dose limit for individual doses. 
For planning purposes, 
value at 0.1 mSv in a 

the Authority has established this 
year as a maximum dose in a hypothetical 
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In the case of waste repositories,. and owing to the low 
doses that are expected to be involved, the total radiological 
impact or detriment can be taken to be proportional to the 
collective dose commitment from the disposal (2). Because of the 
presence of very long lived nuclides, an assessment of the 
complete collective dose commitment will be highly speculative. 
Therefore, the incomplete collective dose commitment integrated 
over 500 years was used for optimization purposes, following 
procedures similar to those used by the UNSCEAR <3>. The 
Argentine authorities also established as a design aim of the 
repository that the total collective dose commitment from high 
level radioactive waste disposal should be of the same order as 
that resulting from the other steps in the fue~ cycle. 

Criteria for disruptive events 

The Argentine criteria implies as a basic objective that the 
maximum individual risk to a member of the public due to 
potential disruptive events in a repository does not exceed the 
t-i sk due to the "not-mal" scenario. 
The upper bound of 0.1 mSv in a year corresponds to a risk of the 
order of 1o-• in a year. Therefore, the proposed objective was 
stated as R max.i to-•, where R max. is the maximum value of the 
probability of lethality commited for one year. If about ten 
disruptive event sequences could be identified, then their 
individual risk contribution should not exceed a value of Ri=l0-7 

in a year. 

MULTIPLE BARRIERS CONCEPT 

To comply with the radiological safety requirements, 
proper isolation of the high level radioactive wastes from the 
biosphere will be provided by means of engineered and geological 
barriers, independents and redundants, in such a way that any 
potential failure of one of them does not interfere with the 
performance of the others. Engineered barriers consist in the 
incorporation of the wastes in a vitreous matrix of the 
borosilicate type <leach rate below 4.10-4 g cm-z a- 1 ), with a 
content of fission products and actinide oxides in the glass mass 
of 10 wt % . The vitreous matrixes into stainless steel 
containet-s will be covered by 10 em lead. An additional 
engineered barrier will be formed with the final sealing of the 
repository hol~s. These barriers will provide an initial 
isolation period of the order of 104 years, time enough to 
ensure low individual risk to members of the public. Also, to 
reduce the global detriment, the geological barriers of the site 
should retard the arrival of the radionuclides in the biosphere 
for a period of the order of 10~-106 years. To achieve such 
isolation, the containers will be placed within a granitic 
formation with low hydraulic conductivity << 10-9 m s- 1 ), several 
hundred meters deep (4). 

MAXIMUM INDIVIDUAL DOSES 
a) Normal scenario 
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The most likely release scenario implies leaching of 
radioactive wastes and radionuclide transport by groundwater up 
to the biosphere. An initial isolation period of 1000 years will 
be assured by design, covering the canisters with 10 em of lead. 
After that, nuclide leaching from the vitreous matrix by 
groundwater will occur, and significant quantities of 
radioactivity will reach the biosphere (5). Backfill 
retardation was disregarded. 

The model used for the nuclide migration through the 
geosphere was a one dimensional transport model, which includes 
axial dispersion, geochemiLal retardation and radioactive chain 
decay, with input parameters similar to those used by other 
authors for granitic formations <6,71. The recipient surface 
water body was assumed to be a very low water flow river (0.1 m3 
s- 1 ), located near the edge of the repository. Estimation of 
radiological consequences needs to define the location, habits 
and metabolic characteristics of the hypothetical individuals 
concerned. Because of the long times involved in waste disposal, 
the location and time at which individuals lived was assumed to 
be those where and when the doses were maximum. The habits of the 
individuals were defined on the basis of present human life needs 
using conservative but realistic assumptions CSl. 

Pathways that have shown to be important are internal 
contamination via ingestion of water , fish and contaminated food 
from irrigation practices. Among the actinides, Np-237 was 
identified as the most important nuclide, being its contribution 
to the maximum individual dose of the order of 4.10-4 Svla, but 
this dose would be incurred about 5.10~ years after leaching 
process begins. The contributions due to Ra-226 and Pu-239 would 
be about 10-• Sv/a and 10- 11 Svla, occurring around 106 and 
10~ years after leaching begins, respectively. Long-lived fission 
products such as I-129 and Tc-99 would deliver doses of 10-~ Sv/a 
each, a few hundred years after leaching because the 
corresponding retardation factor in granite is estimated to be 1. 
A rough optimization analysis shows that the construction of the 
repository 500 m deep would reduce the detriment as low as 
reasonable achievable. 

bl Disruptive events 

Important dama~es on hard crystalline rock, at 500 m deep, 
could be produced only if violent natural events, such as large 
meteorite strikes or volcanism occurred. Assuming total failure 
of the geological barriers as a consequence of one of such highly 
improbable events (probability of occurrence< 10- 1 ~ per annunl, 
individual doses up to several Sv.a- 1 could be incurred, 
depending on the period of occurrence of the causing event. 
However, these high doses could be reduced to acceptable levels 
by avoiding water consumption from the affected area. 
Tectonic activity, giving rise to faulting or fracturing of the 
granitic formation, has been estimated for the region of Sierra 
del Media to have a probability of occurrence of 10-e to 10-7 per 
annun, and transport models applied to these conditions 
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(fractured rock) in previous works gave as resulting annual doses 
in the most exposed individuals of some mSv 171. 

TOTAL COLLECTIVE DOSE COMMITMENT 

The total collective dose commitments from the Argentine 
repository for delay periods of 104 , 10e and 106 years, 
were estimated to be 8.2.104 , 4.6.10~ and 6.8.102 man Sv, 
respectively 121. 

CONCLUDING REMARKS 

The radiological consequences of high level radioactive 
waste disposal from the Argentine programme should imply doses to 
an hypothetical critical group of the order of 10-4 Sv/a, due 
mainly to Np-237. These doses would be incurred some 105 years 
after the waste disposal. 
The total collective dose commitment associated with the expected 
delay time in reaching the biosphere of 10~-106 years for the 
radioactive wastes, represents at least one order of magnitude 
less than the corresponding value for the operation of the 
nuclear plants that generate these wastes 121. 
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OPTIMIZATION OF OPERATIONS INVOLVED IN ASSUMING 
RESPONSIBILITY FOR LOW ACTIVITY WASTES IN FRANCE 

Ph. Kissel 
Commissariat a l'Energie Atomique 

OAR - B.P. n° 6 - 60-68 avenue du General Leclerc 
92260 Fontenay-aux-Roses, France 

ABSTRACT 

In addition to the basic nuclear installations generating the largest . 
amounts of radioactive wastes as far as both volumes and activities are 
concerned, many smaller producers of such wastes also exist (university -
hospitals establishments, research centers, ••• ) presenting the following 
characteristics : 

- high degree of geographical dispersion, 

- generation of small quantities of wastes that have to be collected 
periodically, 

generation of wastes of very varied natures (physicochemical properties 
and chemical and biological risks associated with radioactive risks), 

All the expenses involved in assuming responsibility for these wastes 
have been analyzed in detail in order to define and dominate the problems 
likely to occur. 

Different sources of expense having led to the adopting of special 
technological or methodological solutions are analyzed : 

- accounting for dangerous materials and the management involved in every 
thing from assuming responsibility to invoicing clients (our choice : 
computerized management), 

- packaging dangerous materials and pre-storage prior to controlled 
disposal (our choice : standardization), 

- collecting radioactive waste packages by road vehicules (our choice 
•vcu.:1~&1l1U1t ton). 

The operational results obtained from both the safety and financial points 
of view demonstrate that the choices made have led to an efficient 
optimization of all operations involved in assuming responsibility. 
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HANDLING OF RADIOACTIVE LIQUID WASTE 
ANCARANI ROSSIELLO LAURA 

ENEA 

INTRODUCTION. 
For the decontamination of 

extraction of radionuclides, we 
method. Studied and illustrated 

radioactive liquid 
propose the "foam 

in a previous paper 

wastes and 
separation" 
(1), this 

method has a high efficiency, in very dilute solution, in those 
cases where traditional methods meet with economic and practical 
limitations. For many years, in both chemical and nuclear 
applications, the "foam separation" method has been used with 
success. 

The proposed method permits the selective extration of only 
one ion or the extension of the extraction to a large spectrum of 
ions. Moreover, the extracted ions are concentrated in extremely 
small volumes (the reduction of total volume of treated liquid is 
about 1/1000). 

EXTRACTION TECHNIQUES 
In order to effect extraction, for solutions containing 

various ions in very low concentrations, it is sufficient to 
introduce a surfactant, a sutstance capable of adsorbing such ions 
at the liquid-air interface. A stream of gas passed through the 
liquid causes the surfactant to foam: the foam thus formed is the 
technical means which permits the collection of this mono-layered 
liquid. 

The efficiency of estraction by means of foam separation is 
conditioned by numerous parameters, among which the most important 
are: the pH value and the surfactant concentration. 

EQUIPMENT AND RESULTS. 
The basic equipment required is very simple: Fig. 1 (1). 

For extraction with recycling: Fig.2 (2). 
Some results obtained employing the "foam separation" method ar-e 
reported in Table 1. 

RISKS-BENFITS AND CONCLUSIONS 
The final destination of low-level radioactive liquid wastes 

is the acquatic environment; this involves negatives effects to 
the ecologic system. 

There exist, as above mentioned, studies to establish either 
acceptable limits within which such discharges can be carried out, 
or dilution processes. In any case, in a hydrobiological system, 
radionuclides can at fil~st be dispersed in surface waters. From 
these, through suspended materials, sediments, acquatic plants and 
animals, the radionuclides can be transmitted to the terrestrial 
environment and to man. For example, figure 3 (3) reports the ways 
tbrough which radioactive substances disce:::-sed in deep water 
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COLVIoiN 

PRESSURE HOW 

FOAM SAMPLE 
TAP 

SATURATOR 

SUPPLY 

Fig. J.(l) Schuatic diagram of a single 

stage apparatus 

Fi~.J,. Sc:hemolltic app.t.ratu:s of Scbnepf '! el. ",. ~ mechante&l roam bre.a.ker, 
not vl&ibi~ ln 1hc ptcrure, 11 mounted 1n the: coliecwr. 

Simplifi•d diagram snowing tht ways in whieh ra.dioDt:ti>t 
sub.rtanc~.r di.sptrs~d in rround wartr3 or surf~t wattr3 
(ocean includtd) rtach man. ( 1) radioactivt substanct; 
( 2) direct radiation; ( 3) air; ( 4) aquatic plants; ( 5) 
sand and sedimtnts; (6) fishing ••sse is and l•isurt facilitiu; 
(7} surface or ground "'ottrs; (8) aquatic animtll; (9} 
man; (10) irrigation watu; (} 1) ra.dioacti•t substancts; 
(12) land plants; (JJ} ground; (14) land animals; 
(15) ingwion. 
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t
N 
CJI 
~ 

90 
Sr 

144 
Ce 

137 
Cs 

95 
Zr 

95 
Nb 

106 
Ru 

106 
Rh 

141 
Ce 

2+ 
Zn 

2+ 
Ca 

2+ 
Sr 

2+ 
Ba 

6+ 
Cr 

2+ 
Pb 

2+ 
Cd 

Ions 

65 
Zn 

45 
Ca 

89 
Sr 

139 
Ba 

Table 1. Some resu1 ts obtained employing the "foam separation" method. 

Surfactant Extraction % Heference 
-·-· 

Sodium salt of dodecylbenzyl-dietl~lene- 99 4 

triamine tetraacetic acid (DBDTTA) 

98 

10-20 

By precipitation in Fe(OH)
3

e Co(OH)
2

, 5-6 

and floated using sodium oleate 

- when a single operation was used 98 

- with four successive flotation on the 90 

same solution 

dodecylimino-dipropionic acid 92 7 

(Deriphat 160) 
99 

as tracerE 
91 

95 

sodium dodecylsuphate 97 8 
3+ 

after reduction to Cr 

sodium 1auryl suphate 99 9 

4-dodecyldiethylenetriamine 98-99 10 

--- ----- . -- ---- - --- -------



(including oceans) or in surface waters can reach man. 
It is indispensable therefore to try as much as possible to 

reduce the level of pollution by treating the waste effluents prior 
to discharge into the acquatic environment. 

The technique proposed and implemented by us, as 
previously mentioned, resolves, perhaps entirely, the 
problem.Infact, most of the methods currently used for the 
treatment of radioactive liquid wastes have the strong disadvantage 
of eliminating one pollutant by the employment of another 
pollutant. 
Our rnel!Juc.l, instead, produces none or very small quantities, of 
wastes. Therefore, the benefits to be derived are evident. 
The potential utility of the "foam separation" method arises from 
technical and economic feasibility. 
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PHYSICAL AND CHEMICAL PROPERTIES AND COMPOSITIONS OF LIQUID EFFLUENTS OF 

A NUCLEAR POWER REACTOR 

T.Hashimoto••, M.Nishikawa••, T.Sato••, K.Sono* 2
, S.Masuyama* 2

, li.Kuratani* 2 

and M.Yoshioka* 3 

"
1 The Japan Atomic Power Co. *2 Japan NUS Co.,Ltd. 

""Fukui Prefectural Institute of Public Health 

Behaviors of the released radioactive materials from a nuclear power plant to the 

marine environment depend largely on their physical and chemical properties. It is 

therefore important to grasp the compositions of the liquid effluents. From this point 

of view, some kinds of drainwater of a BWR plant were sampled(Figure 1). These samples 

are the laundry drain water at charcoal bed inlet and outlet, and the floor drain 

water. Suspended solids were separated from these samples physically with the step 

filtration method and ions chemically with the ion exchange resin. Radioactivity of 

Co-60, Mn-54 and Cs-137 was measured with y-spectrometer. Suspended solids of the 

laundry drain samples were also analysed with the instrumental methods(differential 

thermal analysis, X-ray diffraction analysis and X-ray fluorescence analysis). 

It was found that the majority of radionuclides Co-60 and Mn-54, in lalundry 

drain water, were suspended in the form of solid, while that of radionuclide Cs-137 

solved in the liquid. The radioactivity on the particles of about 10~m-size was high, 

and the particles were identified as the organic matter, the mineral and so on. In the 

liquid phase, radionuclide Cs-137 was found as mineral compound(Figure 2 and Figure 3). 

Decontamination factor and decontamination characteristics for the laundry drain 

water were also investigated in order to verify the performance of the filtering 

system. It was found that the decontamination factor of the charcoal filter was about 

from 3 to 10, and radionuclides Co-60 and Mn-54 in the liquid was removed to some 

extent while radionuclide Cs-137 was removed little(Table 1). 

In the samples of floor drain water, radionuclides Co-60 and Mn-54 were found 

both in the form of the suspended solid of about 10~m-size and in the form of the 

mineral compound in the liquid phase(Figure 4). 

A chemical analysis method was also established in order to measure the extremly 

low concentration of radionuclide Co-60 in the sea water(1000 Q ). The radioactivity 

of 0.2-0.7pCi/1000Q could be detected with this method at the frontal sea area of the 

small bay where the liquid effluents of BWR plant are released. 
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No.1 WASHER No.2 WASHER 

I I 
DECONTAMINATION DRAIN TANK LAUNDRY DRAIN SUMP 

I I 1 J 

·I 

,, ' ~~SAMPLING POINT OF CIIARCOAL DEO INLET. ~1~ 
LAUNDRY DRAIN FILTER A 

LAUNDRY DRAIN TANK A 

SAMPLING POINT OF 
CHARCOAL OED OUTLET 

LAUNDRY DRAIN PIT 

LAUNDRY DRAIN FILTER 0 

LAUNDRY DRAIN TANK n 

DISCHARGE 

Figure 1 Sampling points of laundry drain water 
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PARTICLE SIZE ( Jl m) 

SS SUSPENDED SOLID 

L LIQUID PHASE 

M MINERAL COMPOUND 

0 ORGANIC COMPOUND 

C COLLOID 

Figure 2 Composition of laundry drain water charcoal bed inlet 

Figure 3 Composition of laundry drain water charcoal bed outlet 
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Table 1 Radioactive concentration and decontamination factor 

of laundry drain charcoal bed 

Co-60 Mn-54 Cs-137 Total 

(pCi/1) (pCi/1) (pCi/1) (pCi/1) 

Normal Charcoal bed 

operation inlet 1327.7 107.4 37.7 1472.8 

(typical Charcoal bed 105.4 5.0 30.8 141.2 

data) outlet (OF 1/13) (OF 1/21) (OF 1/10) 

Maintenance Charcoal bed 

outage inlet 445.1 42.8 68.2 556.1 

(averaged 

data over Charcoal bed 

typical two outlet 138.3 11.4 58. 7 208.4 

weeks) (OF l/3) (OF 1/4) (OF 113) 

Figure 4 Composition of floor drain water 
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ESTIMATION OF DOSES TO WORKERS AND THE PUBLIC 
IN THE JPDR DECOMMISSIONING 

Chikara NAKAMURA, Yoshinobu ASHIKAGAYA, Jun 1 ichi ONODERA, 
Yoshio IKEZAWA, Hiroshi MATSUI and Takao NUMAKUNAI 

Japan Atomic Energy Research Institute 
Tokai-mura, Ibaraki-ken 319-11, Japan 

INTRODUCTION 

Japan Power Demonstration Reactor (JPDR, BWR, 90MWt) went 
into power operation in 1963 and finally shut down in 1976. It 
had played an important part as a pilot of Japanese nuclear power 
plants till the end of service. The dismantlement of the JPDR 
started on December in 1986 and will take about 7 years to com
plete. The purposes of the dismantlement are to demonstrate the 
complete dismantlement of JPDR using the developed techniques and 
to accumulate practical data which will be beneficial to disman
tling of commercial power plants in the future. This paper 
describes the estimated results of the collective dose to workers 
and the maximum individual dose to the public, [1], [2] including 
the calculation method based on the dose rates in the working 
area and the environment, man power and the dismantling methods. 

ESTIMATION OF COLLECTIVE DOSE TO WORKERS 

The dismantlement of reactor internals, reactor pressure 
vessel(RPV) and radiation shielding concrete will be very notice
able works from the view point of the radiation control. The dose 
rates were calculated to be maximum 3.6 R/h around the RPV (with 
water), 0. 2 R/h inside the radiation shielding concrete (after 
removal of the RPV) and 1 R/h around the primary cooling pipes. 
In the JPDR decommissioning, " remote underwater cutting "," disk 
cutter " and " controlled blasting " will be adopted in order to 
reduce the dose to workers and the released amount of radioac
tivity to the environment. The local exhaust devices with HEPA 
filters and/or temporary containment rooms will be prepared in the 
places where air contamination might occur. The radioactivity in
ventory data of activated components such as the reactor internals 
and the others were taken from the calculated results [3] and the 
measured values, respectively. 

Collective external dose 
Collective doses in each working area were estimated by mul

tiplying the average dose rate in the area by man power (man•day). 
The average dose rates in the working areas were calculated for 
the dismantling of the RPV and the radiation shielding concrete by 
QAD-CG code. The collective dose obtained is shown in Table 1. 
In the dismantling of the reactor internals about one half of the 
collective dose (0.17 man •Sv) results from decontamination and 
transport of waste packages. And in the RPV dismantling about one 
half of ~t (0.26 man•Sv) also results from preparation of the RPV 
cuttin . 

This work was performed by the JAERI under contract from the 
Science and Technology Agency of Japan. 
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Table 1. Collective Dose to workers 

Dismantled 
Manpower Collective dose (man•Sv) Building component or 

structure (man•day) External Internal Total 

Reactor 
9,200 1.7x10- 1 2.Jx10- 4 1.7x10- 1 

Internals 
RPV 4,100 2.6x10- 1 2.5x10- 4 2.6x10- 1 

Reactor Radiation 
Building Shielding 4, 500 7.9x10- 2 1.'3x10- 4 7.9x10- 2 

Concrete 
Others 17,700 1.5x10- 1 3.7x10- 4 1.5x10- 1 

Total 35,500 6.6x10- 1 9.8x10- 4 6.6x10- 1 

Others 
Whole 

37,500 3.6x10- 1 5.4x10- 4 J.6x10- 1 
installations 

Total 73,000 1.0x10° 1.5X10- 3 1.0x10° 

Collective internal dose 
The dispersed amounts of radioactivity in each dismantling 

work were calculated using the radioactivity inventory data, the 
R&D data and so on [4],[5]. The parameters used for safety 
analysis are shown in Table 2. The collective internal dose was 
estimated by multiplying average internal dose rate by man power. 
For the estimation of average internal dose rate the airborne 
radioactivity concentration was determined mainly based on the DAC 
of ICRP publication 30 and the above parameters. Then it was as
sumed that a worker wore a half-mask during operation. The 
results are also shown in Table 1. The collective internal dose 
will be 1. 5 ><1 o- 3 man • Sv through the JPDR decommissioning, and it 
will be reduced to a negligible level by the above air contamina
tion protections compared with the collective external dose. 

ESTIMATION OF INDIVIDUAL DOSE TO THE PUBLIC 

The doses to the public during dismantling are classified as 
follows. 

•internal dose by inhalation and external dose by radioac
tive plume arisen from gaseous effluent 

•internal dose by intake of seafoods grown in ocean where 
liquid effluent was discharged. 

Dose due to gaseous effluent 
The released radioactivity from the stuck would be estimated 

to be 1 X10 6 Bq(3 X10 6 MeV• Bq) through the JPDR decommissioning by 
using parameters shown in Table 2. The maximum individual dose to 
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the public was estimated at a point where the maximum dose was ex
pected, assuming that total activity was released into environment 
at a constant rate through a year. The individual dose obtained 
is shown in Table J. 

Table 2. Parameters used for safety analysis 

Item of parameter Value 

Dispersion factors abrasive water jet 0.4g/min 

for radiation shilding diamond saw 0.06g/min 
concrete cutting with controlled bluster O.OJg/kg 

Dispersion factor for reactor internals 
0.05-5g/m cutting with underwater plasma arc torch 

Dispersion factor for RPV cutting with 
0.2kg/m 3 

underwater arc saw 

Dispersion factor for equipment & piping 
Jcm 2 /kg cutting with gas torch 

Dispersion factor for decontamination of 
0.01g/m 3 

tanks with water jet 

Dispersion factor for decontamination of 
0.08g/m 2 

contaminated concrete with planner 

Resuspension factor for decontamination 5x10- 6 cm- 1 
of floor 

Leakage of half mask 0.1 

Leakage of temporary containment room 0.1 

Penetration of HEPA filter for exhaust 5x10-4 
attached to temporary containment room 

Penetration of HEPA filter for exhaust 1X10- 2 
attached to facilities 

(1) Internal dose by inhalation 
The annual average air concentrations were calculated with 

all the 16 direction sectors and the maximum value of them was 
used for dose calculation. If a release rate of 2 X1 0 2 Bq/h con-
tinues for a year, the maximum value of annual average radioacti
vity concentration in the air would be 2 X10- 8Bq/m 3in the residen
tial district. Deriving from these values, the internal in
dividual dose to the public at the site boundary would be esti
mated to be 2x10- 13 Sv by inhalation. 

(2) External dose by radioactive plume 
If a release rate of 4x10 2 MeV•Bq/h continues for a year, the 

maximum annual dose would be estimated to be below 7 ><1 o- 1 4Sv in 
the residential district outside the site boundary. 
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Table 3. Individual doses to the public 

Effluent Pathway Radioactivity Dose 

Inhalation 1x10 6 Bq (2x10 2 Bq/h) 2x10- 13 Sv 
Gaseous 

External 3x10 6 MeV•Bq 
(4x10 2 MeV•Bq/h) 

7x10- 14 Sv 

Liquid 
Intake of 1x10 9 Bq (1x10 5 Bq/h) 7x1o-s Sv seafood 

Total 7x10- 8 Sv 

Internal dose due to liquid effluent 
Total radioactivity discharged into ocean would be 1 X10 9 Bq 

through the JPDR decommissioning project. If a discharge rate of 
1x1ry Bq/h continues the internal dose by intake of seafoods 
(seaweed, fish, non-vertebrate animal) would be estimated to be 
7x10- 8 Sv. 

CONCLUSION 

In the JPDR decommissioning project, the collective dose to 
workers and the maximum individual dose to the public would be 
1man•Sv and 7x10- 8 Sv, respectively. From the dose estimation, we 
believe the JPDR decommissioning will be performed with radiologi
cal safety. 

References 
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ANALYSIS OF OCCUPATIONAL RADIATION EXPOSURE 

IN REPROCESSING PLANT OF PNC,TOKAI 

Akihiro ~1AKINO, Shigeo HUTO, Kenichiro MIYABE, 
Hideharu ISHIGURO, Hutsumi KINOSHITA. 

Health and Safety Division, Tokai Works PNC. 
Tokai-mura, Ibaraki, JAPAN 

Hajime SAKAMOTO 

Tokai Office, Inspection Development Company Ltd. 
Tokai-mura, Ibaraki, JAPAN 

INTRODUCTION 

Reprocessing plant of PNC in Tokai-mura (Tokai-plant) began 
the operation in 1980, however the operation was suspended in 
1983, because of the failure of acid recovery evaporator and the 
pinholes appeared at dissolvers. 

While repairing the dissolvers with remote welding method 
and the acid recovery evaporator with direct maintenance by 
workers under high radiation exposure in cell, PNC decided to 
install the third dissolver to ensure the stable operation of 
the plant. 

After the installation work of the third dissolver 
in 1984, the plant operation was started again in 1985. 
ulative amount of spent fuel reprocessed reached to 347 
of May 1987. 

performed 
The cum

tons as 

The averaged number of radiation workers engaged in op
eration and maintenance work is around 2,000 persons/year and 
the averaged annual collective dose is around 0.8 man•Sv. 

In this paper, the authors give an empirical formula for 
the annual individual dose distribution of Tokai-plant, which 
was acquired through the analysis of past annual individual 
dose distributions. 

RADIATION CONTROL 

The radiation control of the plant has two major aspects. 
The one is the routine radiation control for the routine 
radiation works associated with regular plant operation. The 
other is the non-routine radiation control for the non-routine 
radiation works such as maintenance works and reform of process 
equipments. 

Non-routine radiation work is further divided into two 
categories, namely special radiation work (SRW) and second grade 
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radiation work. The non-routine radiation works in which the 
pre-operational estimated dose for whole body, extremities or 
skin could exceed respectively 3 mSv, 15 mSv or 6 mSv per week 
are to be classified as SRW to be put under more strict 
radiation control. 

Non-routine radiation works other than SRW are classified 
as second grade radiation work. Safety regulation of the plant 
prescribes some radiation protection criteria to keep individual 
dose as low as reasonably achievable. Table 1 shows a part of 
the dose limitation system for whole body. 

Table 1 Dose limitation System at Reprocessing plant of 
PNC, Tokai for whole body 

Investigation level Action level Dose limit 
3 mSv/3 months 13 mSv/3 months 30 mSv/3 months 

ANNUAL INDIVIDUAL DOSE DISTRIBUTION 

The individual dose distribution of the year in which the 
plant was operated relatively smooth (Operation-year), namely 
1981, 1982, 1985 and 1986, form Long-normal distribution, as is 
seen in Fig. 1. Year denotes fiscal year and this is the same 
hereafter. 

On the other hand, the individual dose distribution of the 
year in which large scale SRW's auch as maintenance of the acid 
recovery evaporator (E30-Work) and installation of the third 
dissolver (Rl2-Work) were performed (LSRW-year), namely 1983, 
1984, has sharp increase in higher dose region, therefore the 
individual dose distribution dose not form Long-normal distri
bution. This is shown as curved distribution in Fig. 2. 
Radiological data of E30-Work and Rl2-Work are presented in 
Table 2 to help realize the magnitude of these radiation works. 

Table 2 Radiological data of E30-Work and Rl2-Work 

~ Period Workers Average Collective 
dose dose [Day] [person] [mSv] [man·Sv] 

E30-Work 190 320 4 1.2 

Rl2-Work 150 340 4 1.3 

ANALYSIS OF INDIVIDUAL DOSE DISTRIBUTION 

Individual dose distributions of E30-Work and Rl2-Work 
were precisely examined. 

As a result, it was found in each case that there is a group 
of workers with higher individual dose. And that the individual 
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dose of the group forms Normal distribution as is shown in 
Fig. 3. Substracting this group from the whole workers who 
received higher dose than detection limit (curved distribution 

in Fig. 2), we had the same Log-normal distribution (dotted 
distribution in Fig. 2) as in Fig. l. 

This leads us to conclude that the distribution of LSRW
year has two components, namely Log-normal distribution and 
Normal distribution. The latter is specific to LSRW-year. 

CONCLUSION 

The empirical formula for the annual individual dose 
distribution of Tokai-plant (F) is given as follows: 

Table 3 Parameters for the annual individual dose distribution 
function 

X Individual dose - [mSv] 

N Total radiation workers in a year l,500'U2,900 [person] 

s Ratio of workers with measurable 0.31 'U 0.46 dose to N 

Of Standard deviation of Log-normal l.O [ mSv] distribution 

flf Mean of Log-normal distribution 0.6 [mSv] 

Og Standard deviation of Normal 2. 7 [mSv] distribution 

Jlg Mean of Normal distribution 10.0 [mSv] 

:\ Ratio of workers with Normal Operation-year 0 
distribution to SN LSRW-year 0.1 

REMARKS 

As for the specific radiation work that could give rise 
to higher individual dose, it is one of the conceivable choices 
to increase the number of workers to be employed in the work in 
order to reduce the number of workers who would receive higher 
dose. 

However this could possibly cause the increase of collective 
dose as a whole. 

This is the subject left to be discussed from the view point 
of the Optimization of Radiation Protection. 
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OPTIMISATION DE LA PROTECTION DES REACTEURS DE FUSION, 
CAS DU TRITIUM 

F. RANCILLAC* - H. DJERASSI** 

* CEA IPSN/DPS/SEGP BP n•6, 92265 FONTENA Y aux ROSES, 
FRANCE.** CEA IPSN/DPT/SPIN, CEN SACLAY, 91191 GIF sur 

YVETTE, FRANCE. 

Summary: 

The purpose of this study is to contribute to the achievement of the 
protection systems for fusion reactors, and to look for the best options to protect 
from tritium, which is the major readioactive element issued from fusion reactors. 
In this paper a computer tool, the TRITO code is presented. It defines the 
detritiation system, function of tritium release (gas HT or water HTO). It respects 
limitations on workers and public doses ; it calculates deposits and water and air 
concentrations of tritium in the different containments, it estimates also the 
resulting costs, with regards to wastes, worker and public doses. It allows thus to 
compare different options, to assess the less costles hall volume and source of 
tritium (coming into the primary circuit of cooling water), or moreover to find 
the more interesting flow rate of water sampling in this circuit. Furthermore, it 
looks for the best operating system of dryer, ventilation, and water and air 
detritiation. 

1. INTRODUCTION 

Le Tritium des Tokamaks realisant Ia fusion du Deuterium-Tritium peut etre 
un des risques majeur de contamination pour les travailleurs, le public et l'envi
ronnement, Ia premiere etape consiste a definir le chemin de cette contamination. 
Les barrieres interposees entre les sources de contamination et le public sont 
imposees soit par le procede lui-meme (paroi de la chambre torrique), soit par 
d'autres criteres de sftrete (protection contre !'irradiation externe, par les 
neutrons ou les rayonnements "f). Un des buts est de definir, si ces methodes de 
confinement sont suffisantes, pour limiter les doses possibles aux travailleurs et 
au public, et si le gain obtenu, en equivalent de dose effectif, avec des barrieres 
suplementaires est "rentable". En effet, une surprotection peut devenir tres 
coftteuse, pour une reduction minime des equivalents de doses. 

Le code TRITO (TRitium Transfer Optimization) optimise, c'est-a-dire 
choisit, les differentes options de protection possibles, correspondant au coat
benefice le plus avantageux en respectant les limites des equivalents de doses 
travailleurs/ public. Ce code compare differentes installations du hall avec une ou 
deux enceintes, recouvertes ou non d'une couche d'acier. II definit que! est le 
meilleur fonctionnement des systemes de detritiation de l'eau et de !'air, du 
secheur et les debits de ventilation. De plus, TRITO peut optimiser les fuites de 
routine ou les fuites resultant d'une situation accidentelle. 

2. METHODOLOGIE 

2.1. Radioprotection 

!.a premiere regie est de limiter les concentrations en tritium de I' air (C I) 
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que peuvent respirer les travailleurs, a une valeur choisie comprise entre I et 100 
CMA (l CMA = 8.14 105 Bq/m3). La deuxieme regie vise a limiter Ies rejets dans 
l'environnement. Le modele TRITO limite les rejets atmospheriques a une 
certaine valeur, qui est ici de l'ordre de 3.7 1013 Bq/an (l 000 Cijan). La 
troisieme regie est plutot un critere de selection, qui consiste a diminuer au 
maximum les c01Hs du systeme de protection, en respectant les deux premieres 
regles. 

2.2. Identification du systeme de protection et evaluation des c01its 

Le systeme considere pour !'optimisation de Ia protection est le suivant 
(figure 1): 

a. Confinement suplementaire T.I.C. (Tight Intermediate Confinement). 
b. Systeme de detritiation de l'eau du circuit primaire (W.D.S.). 
c. Systeme de detritiation de !'air (A.D.S.). 
d. Systeme de sechage (D.S.). 
e. Revetement en acier du mur d'enceinte (S.C.S.). 

Figure 1 : Coupe d'un reacteur de fusion selon le projet 
NET (1985). 

Les coO.ts de ces systemes sont decomposes en coO.ts d'investissement et de 
fonctionnement. Les couts d'investissement comprennent, Ia construction du T.I.C. 
et le revetement du T.I.C. ou du hall S.C.S. (fonctions de Ia taille du T.I.C. et du 
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hall), et les systemes de detritiation W.D.S. et A.D.S. oil interviennent les debits. 

Les coiits de fonctionnement resultent des systemes d'epuration A.D.S. et 
D.S. ; qui sont fonction des debits. Viennent aussi les couts de decontamination, 
des dechets et des doses travailleurs, co-ots qui dependent de Ia concentration en 
tritium de l'air. Le cout des doses delivrees a Ia population est introduit en 
partant du principe que les effluents d'air trities peuvent contaminer le public. 
Cette contamination peut se chiffrer par un equivalent de dose collectif. S'il lui 
est associe un co-ot de l'homme-Sievert, il en resulte un cout global relatif aux 
rejets. On considere que 3.7 1010 Bq/an (1 Cijan) correspond a une dose col
lective de 10-4 h.Sv, soit 100 FF. 

L'equation de conservation de Ia masse du tritium, appliquee a l'interieur de 
chacune des enceintes de confinement, permet de determiner les concentrations en 
tritium. Le systeme est suppose en equilibre avec des taux de fuite ou de venti
lation constants. Un scenario d'accident introduit consiste en un rejet instantane 
de tritium gazeux HT, dans le hall ou dans le T.I.C. s'il existe. Les parois du hall 
ou du T.I.C. ne sont pas endommagees par !'accident. On suppose qu'au bout d'un 
renouvellement d'air, (du aux diverses ventilations possibles) de !'enceinte 
contaminee, Ia moitie seulement du tritium introduit par !'accident sera evacuee. 
En maintenant une ventilation constante, on peut calculer le nombre de renouvel
lements (N) necessaires pour retomber a une concentration, dite de routine, c'est 
a dire inferieure a un seuil donne estime a 10 fois Ia concentration maximale 
autorisee (CMA). Partant de cette valeur de N, il est possible de determiner Ia 
periode de confinement T necessaire pour que les N renouvellements puissent 
s'effectuer. 

2.3. Traitement informatigue 

La realisation informatique du calcul du cotlt de Ia protection le plus faible 
est prise en charge dans le code TRITO (TRitium Transfer Optimization). II s'agit 
d'un code de calcul conversationnel, ecrit en APL et executable sur micro
ordinateur. L'interet de TRITO est que le code ne se reduit pas au seul calcul du 
co-ot de Ia protection. II determine aussi Ia valeur des debits de ventilation pour 
Ia configuration qui lui a ete introduite. 

TRITO peut sur option, optimiser un autre parametre au choix de l'utilisa
teur, dans une gamme de variation donnee. II peut ainsi determiner le volume du 
hall ou du T.I.C., Ia source de tritium contaminant le circuit primaire de refroi
dissement, ou encore les taux de fuite du T.I.C. ou du circuit primaire entrainant 
les cotlts les moins eleves. 

3. TYPES DE RESULTATS 

II est possible d'avoir des informations sur le fonctionnement des systemes 
d'epuration les plus economiques. Par exemple, Ia detritiation de l'eau de refroi
dissement du Tokamak n'est pas toujours independante de Ia detritiation de I'air. 
Ou encore, a propos de Ia detritiation de !'air, en situation de routine, on 
constate que le surcoiit necessaire pour assurer Ia protection des travailleurs et 
du public, est directement lie a deux elements : le volume du hall et Ia fuite en 
tritium dans le hall en provenance du circuit primaire de :.::froidissement. Dans Ie 
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cas au on ajoute un confinement suplementaire T.I.C. entre le reacteur et le hall, 
seul compte alors Ie volume du T.I.C .. 

En cas accidentel, ne pas realiser les investissements necessaires, pour 
Iutter contre un accident, aurait pour consequence d'augmenter Ia duree de Ia 
detritiation du reacteur et aussi Ies coats de fonctionnement pendant Ia periode 
accidentelle. Si les coats d'investissement diminuent avec Ia periode de detri
tiation, il n'en est pas de meme des coats de fonctionnement qui augmentent 
beaucoup plus vite, d'ou il y a necessite de detritier Ie plus rapidement possible. 
Faire face correctement a un rejet accidentel de I 07 Ci, selon les coats de 
protection les plus bas, demande un investissement suplementaire de 8 x 106 

FF jan par rapport a l'investissement necessaire pour Ia routine de 4 x I 07 FF jan, 
dans Ia solution avec T.I.C .. Cet investissement permet de reduire au maximum les 
coats de fonctionnement durant une situation accidentelle, soit 105 FF /accident. 
Mais il est tout a fait envisageable de ne pas realiser d'investissements supple 
mentaires, auquel cas Ia resorption de !'accident durera 4 jours au lieu de I et 
coOtera 3 x 105 FF au lieu de 105 FF. 

4. CONCLUSION 

Une telle etude permet, en Iaissant au code TRITO, le soin de gerer les 
limites de dose pour les travailleurs et les limites de rejets dans l'environnement, 
de faire ressortir Ies elements essentiels et les plus coOteux du systeme de 
protection. L'optimisation du coOt global de Ia protection resulte d'un equilibre 
entre d'une part, le coOt des detritiateurs d'air et d'eau, et d'autre part le coOt 
des dechets, avec parfois le coOt des travailleurs. Elle permet de quantifier les 
rejets atmospheriques et les concentrations en tritium a l'interieur du hall. Cette 
etude met en evidence !'interet, tant en limitation des doses qu'en coOt financier, 
de surconfiner autour des sources potentielles de rejets. Au fur et a mesure que 
le "design" du reacteur sera precise, les confinements intermediaires seront 
dessines autour de chaque point faible de Ia machine (vannes, raccords, soudures, 
injecteur de "Pellets", recuperation du tritium, etc ... ). En introduisant dans TRITO, 
les parametres des nouveaux systemes de confinement (volume, ventilation ... ), on 
pourra juger de leur interet. 
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ORGANIZATION AND OPERATION OF A MULTIHOSPITAL DEPOSIT 
FOR RADIOACTIVE WASTES DERIVING FROM MEDICAL USE 

Guiseppe Guidarelli, Antonio Rossi and Giulia Vicini 
Health & Medical Physics Opt. Ospedale Maggiore 

Bologna, Italy 

The increasing use of not sealed radionuclides in medicine for "in vivo" and 
"in vitro" diagnostics and for therapy, presents the problem of the management of 
the radioactive wastes in order to not pollute the environment. 

In fig. 1 & 2 are shown the amount of radionuclides used for diagnostics 
during the last 14 years in Bologna, Italy (population 500,000; 5 hospitals; 
4700 beds, 2 Nuclear Medicine Opts, 2 Metabolic radiotherapy dpts; 5 Radioimmonoassay 
Labs; 2,400,000 determination for year; 9,500,000 US$/year the cost of the 
radionuclides). 

In 1987 more than 6 GBq of 125 I and more than 5 TBq of 99 Mo has been used 
while the use of longer lived isotopes (< 9 d) is decreasing. 

The strategy which has been adopted in Bologna in order to manage the 
radioactive wastes is the following: 

a) collection of the wastes from all the users of the city; 

b) storage in a unique deposit for an appropriate number of half lives; 

c) disposal, by means of conventional system of waste treatment, when the 
amount of radioactivity is below the limits which are defined by national 
laws. 

The limit of disposal into the environment are the following (with reference 
to the radionuclide mostly used in hospital) . 

MBq Bq/ml Bq/g 
max activity max concentration max concentration 

Nuclide per year (liquid wastes) (solid wastes) 

125 I 3.7 0.037 3.7 
131 I 37 3.7 3.7 

57 Co 37 1850 37 
201 Tl 370 1110 37 

67 Ga 3.7 0.037 0.37 
99 Mo 370 0.74 37 

Operation 

The single user must dispose the radioactive solid wastes into 25 1 drums 
provided of safety lock. At the moment of locking some data must be written on 
the cover such as: isotope, activity, weight and date. 
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Periodically an authorized car collects from the users the drums and brings 
them to the deposit, a building which lies 30 km far from the city in a poorly 
inhabited area. 

The plan of the building is shown in fig. 3 and it is possible to 
distinguish three main zones. 

A. It is an area with an office, a radiometry laboratory and decontamination 
facilities. 

B. In this area the wastes are received, catalogued and then submitted to a 
volume reduction procedure which consists in a compression within a 100 1 
oil drums by means of an idraulic press based system. In this way, about 
15 little drums can be pressed into one big drum. 

C. In this area are stored all the drums containing radioactive wastes. They 
are identified by a label and their content is recorded in a data base 
operating on a personal computer. 
Moreover a computer program determines the time of storage inside the 
deposit of any single drum in order to dispose them when the radioactivity 
is below the limit already listed. 
An other area is obtained inside the previous one where wastes containing 
scintillating liquid for beta counting are stored. 

The main features of the building are the following: 

2 
Total area: 650 m 

Capacity: 1760 100 1 drums (useful to store the wastes deriving from the city 
hospitals for about 5 years without turnover) . 

Safety precautions: 

a) Everything, inside the deposit, is fire-proof. Notwithstanding this, a fire 
detection system is permanently connected to the fire-brigade station. 

b) The deposit has been built using criteria against the risk of inondation. 

c) All the liquids used into the deposit for washing are collected into two 
containers in order to prevent pollution in case of radioactive contamination. 

d) Instrumentation for the detection of radioactive contamination on the 
surfaces and on the operators is present in the deposit as well as a 
multichannel analyzer connected to a well - type Nai detector for Y 
spectrometry. 

Conclusions: 

After one year experience in the management of the deposit it is possible 
to outline the following: 

1) All the city users are set free from the problem of the radioactive wastes 
deriving from medical use. 

2) Not allowed disposal are avoided and all radioactive wastes are under 
control. 

3) No accident has been pointed out. 

1273 



GBq 

4 1251 

3 

7h (T~ ~9d 

1913 
1913 1981 

1981 

fig. 1 fig. 2 

54 

c B 

L ~------'1_ ___ ~11 
ng. 3 . I 1 

1274 



COMPARISON OF U.S. AND INTERNATIONAL STANDARDS 
FOR RADIATION PROTECTION INSTRUMENTATION 

J. M. Selby, K. L. Swinth, and E. E. Hickey 
Pacific Northwest Laboratory 
Richland, Washington U.S.A. 

INTRODUCTION 

The quality and performance of radiation protection 
instruments are extremely important in providing conservative 
protection to radiation workers. International standards for 
radiation protection instrumentation, published by the 
International Electrotechnical Commission (IEC), specify general 
performance, type, and acceptance test requirements. The recent 
draft American National Standards Institute (ANSI) standards 
on radiation protection instrumentation provide more specific 
performance requirements and definitive performance tests. 

The IEC Publication 395, Portable X or Gamma Radiation 
Exposure Rate Meters and Monitors For Use In Radiological 
Protection, was published in 1972 and is a recommendation that 
specifies general characteristics; general test procedures; 
radiation characteristics; and electrical, mechanical, safety, 
and environmental characteristics.[l] The recommendation 
applies to portable instruments intended to measure 8xposure 
rate due to x- or gamma radiation of energy between 50 keV 
and 3 MeV for the purposes of radiation protection. 

Draft ANSI N42.17A-D8 (May 1987), "Performance 
Specification for Health Physics Instrumentation - Portable 
Instrumentation for Use In Normal Environmental Conditions," 
is a standard that establishes minimum acceptable performance 
criteria for health physics instrumentation for use in ionizing 
radiation fields. [2,3] The standard was written in 1981 by a 
task group that included manufacturers and users of these 
insr ents as well as representatives from the regulatory 
bodies. As in IEC Publication 395, draft ANSI N42.17A-D8 
specifies general, radiation, electrical, mechanical, safety, 
and environmental characteristics along with test procedures 
for each characteristic. 

SIMILARITIES AND DIFFERENCES 

The purposes of the two standards are essentially the 
same. However, IEC Publication 395 is specifically for portable 
x- or gamma radiation detection instruments, whereas draft 
ANSI N42.17A-D8 includes portable rate and integrating devices 
for beta, photon, and neutron radiations and monitors for 
surface contamination (alpha, beta, and photon). Both standards 
use similar sets of test conditions. 

A noticeable difference between the two standards is the 
classification of instruments. IEC Publication 395 addresses 
limits of variation of indication for Class I, II, and III 
instruments. For example, the coefficient of variation for a 
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Class I instrument is <10%, and for a Class II and Class III 
instrument is <20%. In draft ANSI N42.17A-D8, a Class A 
instrument meets all the applicable requirements in the 
standard, a Class B instrument must meet only those requirements 
in specific sections, and a Class C instrument meets the 
requirements specified by the purchaser or user group. 

Table 1 compares some of the test characteristics of the 
two standards and lists some of the requirements found in only 
one of the standards. The requirements found in IEC Publication 
395 and draft ANSI N42.17A-D8 are similar. However, in most 
cases, the ANSI standard provides more specific guidance on 
methods for performing tests. 

TESTING OF DRAFT ANSI N42.17A 

The Pacific Northwest Laboratory (PNL) has evaluated the 
draft of ANSI N42.17A in terms of applicability and practicality 
and has also evaluated the performance of the instrumentation 
used in the study with respect to the requirements in the 
proposed standard.[2,3] Selected data are presented in Table 
2. The testing of instruments against the draft ANSI N42.17A 
standard took place over a 2.5-year period and included 
procedure development, verification and instrument testing on 
more than 100 instruments. Five groups of instruments were 
tested including ionization chambers, Geiger-Mueller (GM) 
detectors, alpha detectors, neutron monitors, and others. 

From the evaluation of the standard, a number of 
recommendations were made to the ANSI N42.17 working group 
regarding the requirements of the draft standard. Some major 
changes that were based on the testing program are: change in 
the coefficient of variation test requirement; change in the 
photon-radiation energy dependence test requirement; inclusion 
of an equilibration time for temperature, humidity, and ambient 
temperature tests; increasing the intensity for the magnetic 
field test; and a decrease in the acceleration level applied 
to instruments in the vibration test. 

CONCLUSIONS 

Standards such as the two discussed above are extremely 
valuable in assuring that quality and performance of radiation 
protection instruments are adequate to protect the health and 
safety of workers using the equipment. Evaluating the standards 
by testing instruments against the requirements in the standards 
can be beneficial to ensure that the provisions of the standard 
are applicable and can be applied to the appropriate 
instrumentation. As radiation protection instruments change 
and improve with advances in technology, the standards must be 
updated to reflect these changes. 
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TABLE 1. Comparison Of Standards Requirements 

Test Characteristics 

Alarm Threshold 

Stability 

Geotropism 

Accuracy 

Photon Energy 
Dependence 

Photon Radiation 
Overload 

Extracameral Response 

Interfering Ionizing 
Radiation Response 

Temperature 
Dependence 

Vibration 

Ambient Pressure 

Mechanical Shock 

Draft ANSI N42.17A-D8 

Alarm threshold shall 
be given as % ~f scale 
or decade of a justment 

:6% of reference for: 
3 hrs: battery 
24 hrs: A.C. power 

Within :6% of reference 

:15% 

:20% from 80 keV to 
1.2S MeV 

Instrument shall 
continue to operate 
and be offscale 

Not greater than S% 

Not greater than stated 
by manufacturer 

Reference 220C: 
:1S%: 0-400C 
:20%: -1o-sooc 

:1S% following 
harmonic loading of 
2 G/15 min w/freq. 
10-33 Hz 

:1S%; 70-106 kPa 
reference 101 kPa 

:1S% following SO G 
18 msec sinusoid 
shock on 3 axes. 

12 .... , I I 

IEC 395 

Adjustment 
should be stated 

Not addressed 

:10% of reference 
orientation 

:10% ( C1) 
:20% (C2) 
:40% (C3) 

:2S% from SO keV 
to 3 MeV, :1S% 
from 300 keV 
to 3 MeV (C1) 

Remain full range 
if exposure over 
range 

Not addressed 

Shall be designed 
to limit influ
ence of other 
ionizing radia
tions 

Not addressed 

Not addressed 

Effects of varia
tion should be 
indicated 

Withstand shock 
of 30 G which is 
18 msec sinusoid, 
any direction 



TABLE 2. Selected Test Results 

Number of Number 
Test Instrument Ty,Qe Failures Tested 

Stability Ion Chamber 1/9 
GM 1/35 

Geotropism Ion Chamber 0/10 
GM 0/24 

Accuracy Ion Chamber 1/9 
GM 7/19 

Photon Radiation Ion Chamber 3/9 
Energy Dependence GM 14/20 

Temperature Ion Chamber 9/17 (00 to 400C) 
GM 0/23 (00 to 400C) 

Vibration Ion Chamber 1/4 
GM 0/7 

Ambient Pressure Ion Chamber 0/10 
GM 0/5 

Mechanical Shock Ion Chamber 0/3 
GM 0/8 
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A MODIFIED INDEX FOR MONITORING OF RADIATION PROTECTION PROGRAMMES WITH SPECIAL 
REFERENCE TO N LCLEAR MEDIC I NE I NSTI T LirE. 

M.M. Gupta* & A. Nagaratnam 
Defence Laboratory, Jodhpur 342 001. India. 

*At present Institute of Nuclear Medicine & Allied Sciences, Delhi 110007. 

In India, Institute of Nuclear ~1edicine & Allied Sciences (INMAS) was 
established with the main objective of developing radioisotopic methodologies 
for diagnosis, therapy, biomedical research and training. The steady progress 
in India's Atomic Energy Programme gave impetus to rapid growth in the 
application of nuclear medicine techniques at the Institute and now it is one of 
the 1 argest users of unsea 1 ed radiation sources in the country. Right from the 
beginning adequate attention has been devoted to the radiation safety of the 
staff and personne 1 management techniques have been successfully employed to 
assess performance of the radiation protection staff. A significant positive 
correlation (p 0.02) between performance and job satisfaction of radiation 
protection personnel of the Institute has been demonstrated (Gupta 1976). 
Efforts are also directed to evolve a parameter that may throw light on the 
effectiveness of radiation protection staff and subsequently that may be helpful 
to monitor radiation pro~ection programme of any other establishment also. 
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Fig. l. Normalised annual collective dose equivalent to radiation workers at 
INMAS. 

The rapid development at the Institute has also resulted in increasing 
radiation exposure to the staff that is usually demonstrated by Annual 
Collective Dose Equivalent (ACDE) of the workers. However the Annual Collective 
Dose Equivalent r9f lects the situation rather inadequately. It does not take 
into account the quantitative and qualitative changes that had occured in the 
utilisation of radioisotopes at the Institute nor it takes cognizance of change 
in staff pattern during the last two and a half decades (Gupta et al 1984). Thus 
unless the level of radioactivity handled by radiation workers·of the Institute 
which had caused a particular level of ACDE, is also taken into consideration, 
ACDE's themselves maynot reflect the real health and full efficacy of the 
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functioning of radiation protection system. For that purpose, annual dose 
equivalent of each radiation worker of the Institute for a particular year is 
added and the sum is divided by the total number of radiation worker in that 
year. This process gives the average annual dose equivalent for that year. 
Now, if this average is divided by the total quantity of radioactivity (in 
curies) handed at the Institute in that year, we obtain a Normalised Annual 
Collective Equivalent (NACDE). 

This modified index was applied to investigate radiation protection 
programme of the Institute for the period from 1959-80. The figure l shows 
chronological variation of NACDE (m rem/Ci) for all the radiation workers of the 
Institute. Wirh a minor variation, the curve has four distinct maxima. While 
each maximum in the NACDE value represents modification of the then existing 
procedure or addition of a new function at INMAS, its subsequent lowered values 
demonstrate the existance of a vigil and dynamic radiation protection 
organisation at the Institute. 

The same modified index modified index is also applied to identify the 
group of radiation workers subjected to maximum levels radiation exposure. For 
the sake of discussion, the NACDE values for the workers in Health Physics 
Division, ~1edical Division and Radiation Chemistry Division are taken. The 
analysis shows that NACDE values in the initial period of IN~~AS formation, is 
highest for workers of Health Physics Division. Afterwards, due to extensive 
use of generator produced short lived rad ionuc l ides, the workers in Radiation 
Chemistry Division got the maximum exposure . 
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Fig. 2: Annual average dose equivalent per curie of radioactivity handed 
to the workers in the Radiation Chemistry Divisibn (1976-1980). 

The effectiveness of radiation protection is further evidenced by figure 2. 
In the figure, the annual average dose equivalent per curie handled by the 

workers of radiation chemistry group (NACDE for that group) is shown for 5 years 
( 1976-80). Although the activity handled during this period represents an 
increase of more than 25%, the NACDE values have been progressively decreasing. 

The usual annual collective dose is a good indicator of radiation 
protection situations of an Institution, however, the modified index (NACDE) 
gives more information about the establishment as well as about effectiveness 
and efficacy of its radiation protection set up. In this typical case it has 
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also given a reassuring picture of the exposure situations of the most vulnerable 
group of the Institute. 

M.M. Gupta, Health Physics 36 201-203 1979 
M.M. Gupta, et al. Health Physics 47 314-319 1984 
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HEALTH SURVEILLANCE OF RADIOLOGICAL WORK 

H. Pauw, Ph.D., J. v.d. Vliet, M.D., H. Zuidema, M.D. 
Philips Safety Department and Philips Medical Service 

1. Introduction 

Shielding X-ray devices and issuing filmbadges to radiological work
ers in 1g35 can be considered the start of the radiological protection in 
the Philips enterprises in the Netherlands. Shielding and equipment were 
constantly improved based upon the dosimetry results of the filmbadges. 
The problem of radioactive waste led to the foundation of a central Phi
lips Committee for radiological protection in 1956, which in 1960 also 
issued an internal license system in order to regulate the proper precau
tions to be taken: workplace design and lay-out, technological provisions 
and working procedures. An evaluation of all radiological work in 1971 
learnt that a stricter health surveillance program was needed to follow 
up the precautions issued by the licence. On one hand a health surveil
lance program was established and on the other hand all types of radiolo
gical work were classified. In this way an obligatory and optimal health 
surveillance program was issued for each type of radiological work. 

2. Health Surveillance Program (HSP) 

In 1972 the following 7 items were defined: 
1. Periodical inspection and radiation measurement of switchable sources; 
2. Periodical inspection, radiation measurement and smeartest of radio

nuclide sources; 
3. Personal dosimetry with thermoluminescent dosimetry badges or filmbad

ges (neutrons, e.g.) 
Environmental monitoring was dictated in the licence; 

4. Preemployment and exit medical examination; 
5. Periodical medical examination; 
6. Periodical bio-assay analysis, mostly urine samples; 
7. Periodical total or partial body counting. 

The periodicity was set for a minimum of once a year. The highest 
frequency was applied for the personal dosimetry: every month. 

3. Classification of types of Radiological work 

Based upon the experience sofar the following classification of 
radiological work and the according appropriate health surveillance pro
gram (HSP) items were made in 1972: 
- work in one place with a radiation emitting device with a small chance 

of external radiation (less than 5 mSv per year: HSP 1 (per. inspec
tion), HSP 3 (pers. dosimetry) and HSP 4 (preempl. & exit examination). 

- work in one place with a radiation emitting device with a higher chance 
of external radiation (5-50mSv per year): HSP 1 (per. inspection), HSP 
3 (pers. dosimetry), HSP 4 (preempl. & exit examination) and HSP 5 
(per. examination). 
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- work in different places with radiation emitting devices (mostly ser
vice and maintenance): HSP 3 (pers. dosimetry), HSP 4 (preempl. & exit 
examination) and HSP 5 (per. examination). 

- work in one place with a well shielded device emitting parasitic 
X-rays: HSP 1 (per. inspection), HSP 3 (pers. dosimetry) and HSP 4 
(preempl. & exit examination). 

- work in one place with a well shielded radionuclide source with no 
emission of any importance: HSP 2 (per. inspection, smeartest). 

- work in one place with a shielded radionuclide source emitting gamma 
radiation with a small chance of external radiation (less than 5 mSv 
per year): HSP 2 (per. inspection, smeartest), HSP 3 (pers. dosimetry), 
HSP 4 (preempl. & exit examination). 

- work in one place with a shielded radionuclide source emitting gamma 
radiation with a higher chance of external radiation (5-50 mSv per 
year): HSP 2 (per. inspection, smeartest), HSP 3 (pers. dosimetry), HSP 
4 (preempl. & exit examination) and HSP 5 (per. examination). 

-work in different places with shielded radionuclide sources: HSP 3 
(pers. dosimetry), HSP 4 (preempl. & exit examination) and HSP 5 (per. 
examination). 

- work in one place with radionuclides not emitting gamma radiation 
(radionuclide laboratory): HSP 2 (per. inspection, smeartest), HSP 4 
(preempl. & exit examination), HSP 5 (per. examination), HSP 6 (bio
assay analysis). 

- work in one place with radionuclides emitting gamma radiation (radio
nuclide laboratory): HSP 2 (per. inspection, smeartest), HSP 3 (pers. 
dosimetry), HSP 4 (preempl. & exit examination), HSP 5 (per. examina
tion), HSP 6 (bio-assay analysis) and HSP 7 (per. body counting). 

In this classification in 1972 the next considerations were taken 
into account. 
The standing order that every incident should be immediately reported 
proved to be insufficient. Especially unexpected periodical checks on in
ternal contamination are important when working with radionuclides. 
Periodical checks of working conditions and achieved doses are neces
sary. In case of an unexpected (over)exposure one ought to have informa
tion about the preliminary health condition. Persons with an existing 
health risk should be withheld from additional risk due to radiological 
occupational exposure. Because of the longterm effects of radiological 
exposure a good record keeping of all occupational exposures is neces
sary. 

4. Evaluations 

In the above described way it turned out to be possible to improve 
the safety of the radiological work. In 1982 and 1987 (and in between to 
cope with new legal regulations) we studied 4 main items: 
- dosimetry results 
- bio-assay results 
- body counting results 
- medical examination results 
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An exposure of neutron radiation was never recorded on a film
badge. The thermoluminescent dosimeters (TLD) recorded the exposure to 
Xrays and gammaradiation. According to the readings we found from 1972 
to 1978 in 12 cases an exposure, exceeding more than 50 mSv. After 
1976 exposures between 15 and 50 mSv did not occur anymore. After 1983 
exposures between 5 and 15 mSv did not occur anymore. Since 1984 all 
by TLD measured exposures were less than 5 mSv per year. The popula
tion of radiological workers had gradually increased from 996 in 1972 
to 1642 in 1986. 

From periodical urine tests a number of unknown internal contami
nations were registered. 82 out of 523 on tritium (3H) tested urine 
samples turned out to be positive. The permissible limit of 20 ~Ci/l 
was exceeded in three cases. Highest value appeared to be 22 ~Ci/1. 
Also urine tests were carried out with regard to 14c (and 32p). One 
14c sample appeared to be positive (0,2% of the permissible concentra
tion). 

The periodical body counting revealed a number of unknown inter
nal contaminations. Fortunately only small quantities of radiounu
clides were found. The highest contamination turned out to be one with 
65 Zn reaching 5% of the max. permissible body burden. Of course the 
positive findings of the body counting led to improvement of the work
ing conditions and procedures. 

D. Medical examination results 

The Dutch Philips enterprises have a well established occupation
al health service. Health impairment of the workers can lead to read
justment of their work if necessary. So it could happen that a radio
logical worker was transferred to another job due to his state of 
health, which was not related to radiological exposures. Only once an 
applicant for radiological work was rejected in the preemployment 
examination because of a serious Morbus Bechterew. Abnormal blood
counts (leucocytes, thrombocytes) led to a withdrawel of a number of 
applicants, while others were admitted with no hematological problems 
during the follow-up. In the periodical medical examinations 6 radio
logical workers were rejected, 5 because of pregnancy and one because 
of renal failure, who retired soon afterwards due to his invalidity. 
In accordance with these results and new european legal regulations, 
our health surveillance program was adjusted with effect from 1984: 

no medical examination at all if the estimated chance of exposure is 
below 5 mSv a year; 

- only a preemployment and exit medical examination if the estimated 
chance of exposure is in the range of 5-15 mSv; 

- a preemployment, periodical and exit medical examination if the es
timated chance of exposure is in the range of 15-50 mSv or radionu
clides are handled. 
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5. A new development 

Licenced radiological work and a health surveillance program have 
provided a good protection. As a side product irregularities and (small) 
incidents were detected, which of course asked for immediate action. This 
combined with the growing awareness about the risks of ionizing radiation 
revealed a weak spot in our system: an incident/accident checklist was 
necessary next to a rapid access to relevant data concerning the radio
nuclides present in the enterprise. 
The checklist is dealing with the description of the accident or incident 
with relevant data about what has happened, the number of possible vic
tims, the present radionuclide or radiation source, the estimated amount 
of radiation and present health symptoms, followed by actions to be 
taken. The radionuclide database gives relevant fysical and radiobiologi
cal data of the present radionuclide like: radiotoxicity, energies, half
lites, ALI, DAC followed by limits of action, necessary medical examina
tion programs and possible therapy. 

6. Conclusions 

Classification of types of radiological work and an appropriate 
health surveillance program for them has proven to be effective in view 
of the substantial drop in exposures. The contribution of medical exami
nations was less than expected and they could therefore be reduced. On 
the other hand the risk management (however small the risk might be) of 
working with radionuclides needs improvement by using a direct on the 
spot available checklist and data base. 
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USE OF COST BENEFIT ANALYSIS IN THE FIELD OF INDUSTRIAL 
RADIOGRAPHY 

J R Croft, G A M Webb, P Tattersall, A Sutherland and E Spence 

National Radiological Protection Board 
Chilton, Didcot, Oxon. OXll ORQ, U.K. 

INTRODUCTION 

Over the past decade NRPB has had a programme of work on the 
development of cost benefit analysis (CBA) techniques in the 
optimisation of radiological protection. A provisional framework 
for including suggestions for assigning a value to unit 
collective dose was published for consultation in 1981/82 and 
after various interim statements this process culminated in 
formal advice in 1986< 1 >. As part of this work, and as part of a 
project for the Commission of the European Communities (CEC) the 
NRPB has carried out a number of case studies to demonstrate the 
practical implementation of ALARA or optimization of protection 
using CBA. These techniques, used in conjunction with ALARA 
Audits, covered in an associated paper< 2 >, are now in general use 
in the NRPB's Radiation Protection Adviser Service. They have 
been used for a variety of medical and industrial situations, but 
mainly in industrial radiography as this is the part of the 
non-nuclear sector where occupational exposure problems 
predominate. The three cases below are given as representative 
examples. 

CASE 1 : DESIGN OF AN X-RADIOGRAPHY FACILITY 

This was an 'a posteriori' study< 3
> of how optimisation 

considerations might have provided an input to the design of an 
existing x-radiography facility (see Fig. 1). 
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Figure 1 Elevation view of radiography facility 
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The facility consisted of twin adjacent bays situated within 
a factory workshop, designed to each accommodate a 200 kVp, 5 mA 
directional X-ray set used to radiograph a variety of pipework. 
The useful beam could be pointed in all directions at or below 
the horizontal. The facility was built from lead sheets affixed 
to a steel framework. The walls were 7 mm thick lead, designed 
to ensure that under the worst possible condition of operation 
the external dose rate would not exceed 7.5 pSv.h- 1

• There were 
sliding roofs to permit the cranage of workpieces and to protect 
the overlooking offices during use. The roofs incorporated 4 mm 
thick lead. 

It was decided to limit the problem to optimising the wall 
thicknesses, using steps of 0.5 mm of lead, and to analyse the 
protection options of no roof, a shielded roof and a shield on 
the front face of the gallery offices. Although judgments on the 
allocation of overhead costs and maintenance costs had to be 
made, it was relatively easy to identify the protection costs for 
each protection option. These were in 1980 prices and to cover 
temporal distributions the costs were annualised over an assumed 
20 year useful life using a 5% discount figure. To cost the 
detriment, the NRPB's provisional costing framework was used and 
required assessments of the individual and collective doses 
arising for each protection option. This had previously not been 
assessed and required modelling of the work pattern, associated 
dose rate distribution and occupancy distribution, taking into 
account both transmitted and airscatter radiation. As well as a 
realistic model reflecting the best estimates of dose, a 'design 
capacity' model to reflect future changes in work patterns was 
produced and used. 

A cost benefit analysis was carried out using both total 
cost and incremental cost methods. The technical solution, or 
'ALARA solution' was that for the realistic and design capacity 
models, the optimum wall thicknesses were 2.25 and 3.0 mm lead 
respectively. Also, for both models the optimum solution for the 
roof was to dispense with the shielded roof, but to provide a 
shield to the front of the offices. The sensitivity of these 
conclusions to variations in a wide range of parameters was 
tested and the results were found to be robust with variations 
not exceeding 0.5 mm lead thickness in the walls. 

The study used the structured approach of the ALARA 
procedure developed by Webb et al( 4 l. In this a clear distinc
tion is made between the ALARA solution and the final decision. 
It requires identification of factors which can be quantified and 
included in the analysis and other factors that are relevant to 
the decision maker but which cannot be quantitatively included. 
In this case the latter included regulatory factors, reaction of 
the workforce and accident scenarios. Where there is a 
quantitative element to factors not directly included in the 
analysis it is useful for these data to be made available to the 
decision maker. In this instance for each protection option the 
following data were supplied: capital cost penalty for shielding 
to greater than the optimum, maximum individual dose, the maximum 
instantaneous and time averaged (over 8 hours) dose rates. The 
latter would be relevant to avoiding the regulatory need for 
establishing a controlled area outside the X-ray rooms. 
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CASE 2 : LOCAL SHIELDING FOR GAMMA RADIOGRAPHY 

The second case was an 'a priori' study tha~ arose out of a 
protection problem identified by an ALARA Audit< >. Within an 
open top radiography facility inside a workshop, the Company 
carried out gamma radiography of steel pipework using an Ir-192 
source of 185 GBq maximum activity. It was always used without 
collimation, i.e. panoramically, either inside a pipe for circum
ferential welds or external to pipes in double wall single image 
(DWSI) methods. Assessment of the doses involved indicated 
annual collective doses of 33 and 11.4 man.msv associated with 
the DWSI and circumferential methods, respectively. Local 
shielding in the form of a directional collimator (for DWSI) and 
a 360° collimator and/or a shielding 'saddle' (circumferential) 
were considered as protection options. The collimators were com
mercially available but the shielding saddle would have to be 
purpose-built and would require to be craned into position. 
Experience suggested that the collimators, particularly for the 
DWSI work would be cost effective, but the option of the saddle 
was not so clear. Therefore it was decided to carry out a simple 
cost benefit analysis (shown in Table 1) to act as an input to 
the decisions. A useful life of 10 years was assumed for each 
option and 0% discount was used. 

Protectl.on Step 
Date and DWSI C1rcumferent1a1 

Element of Base Case Base Case Base Case Coll1mator 
Analysis to to to to Collim-

Collimator Collimator Saddle mator and 
Saddle 

Incremental Cost 500 500 1000 1000 
(£) 

lOy dose savings 
(man mSv) 287 76 86 29 

Incremental 
Cost Effective-
ness (£/man Sv) 1. 7k 6.6k 11.6k 35k 

The annual individual doses were initially of the order of 
1 msv and using the most recent NRPB advice< 1

> a figure of 
£15,000 per man Sv was considered appropriate. This analysis 
therefore confirmed that the collimators were cost effective. 
The use of the saddle (after implementing the collimator option) 
would not appear to be cost effective, but possible variations in 
parameters such as doubling the useful life would make the option 
more desirable. Also there were other inputs to the decision 
which were not quantified, e.g. additional production costs due 
to cranage and advantages from its use in another area of work, 
open shop radiography. Overall the decision maker decided to 
implement the saddle option. 
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CASE 3 : TORCH TYPE CONTAINERS 

For many years 'torch' type containers have been used in 
industrial radiography. These require manipulation of typically 
0.4 TBq Ir-192 on the end of a shielded 30 em 'torch'. They 
require proximity of the operator and in many cases have been 
gradually replaced with remote exposure containers, the use of 
which gives rise to significantly lower doses. The introduction 
of new Regulations placed more emphasis on ALARA and caused two 
Companies to consider whether or not it would be reasonably 
practicable to replace their existing torch containers with 
remote exposure containers. Table 2 provides a summary of the 
results from a cost-benefit analysis of these two situations. 

Table 2 

No. Of Ind1v1dual Annual l 10 y Protec- Cost 
workers dose Collective dose tion cost Effective-

range dose saving ness 
(mSv) (mansv) (manSv) ( £) (£/manSv) 

A 4 0.4 - 2.7 0.007 0.07 7.0k lOOk 

B 12 5.0 - 18 0.13 1.3 38k 30k 

The NRPB advice< 1
) recommended a general figure of £15k/man.Sv 

for occupational exposure to cover the objective health detriment 
and individual risk aversion. However, it specifically recom
mended an additional multiplier where individual doses were a 
significant percentage of the dose limit. For Company A the 
individual doses were small (due to a low workload) and thus 
£15k/man.Sv was the appropriate figure to compare with the 
incremental cost effectiveness. For Company B the doses are a 
significant percentage of the dose limit and indeed would have 
been above the ALARA Investigation Level of 15 msv. At this dose 
level an extra multiplier of 5 was considered appropriate giving 
£75k/man.sv. It was concluded that for Company A it was not 
reasonably practicable for them to purchase remote exposure 
containers until the end of the useful life of the torch 
containers. However, for Company B it was concluded that in 
order to achieve ALARA, investment in the new containers should 
be made. 
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DOSIMETRY INDEX: A USEFUL CONCEPT IN OPERATIONAL RADIATION PROTECTION 

Chris J. Huyskens 
Eindhoven University of Technology, Health Physics Divsion 

P.O. Box 513, 5600 MB Eindhoven, the Netherlands 

INTRODUCTION 

The aim of dose assessment, including dosimetry measurements in operational 
radiation protection is to provide information which is needed: 
- to demonstrate that individual dose equivalents are in compliance both with 

the ALARA approach as well as with dose limits 
- to signalize and elucidate trends in exposure levels in different working 

conditions and radiological practices 
- to organize and manage effective and efficient routine and operational 

monitoring programs. 

In conditions of uniform external exposure to penetrating radiation, the 
dose assessments in terms of dose equivalent to total body will be adequate 
since dose limitation for total body is determant. 

However, in working conditions that cause a substantial non-uniformity of 
exposure for different organs or tissues, it may be necessary to evaluate organ 
dose equivalents in comparison with respective organ dose equivalent limits. 
To facilitate these evaluations we use the concept of «dosimetry index». 

The quarterly dosimetry index has proven to be a useful concept to define 
and applicate a coherent system of classification of working conditions. Also 
the management of person related arrangements for radiation protection, for 
dosimetry and for medical supervision can effectively be based on individual 
index values and frequency distributions of indexes within groups of persons 
with the same working conditions. 
In our practice, dosimetry index is also used in dose registration. 
In this paper the concept and practical application of dosimetry index will be 
discussed. 

DOSIMETRY INDEX 

The operational quantity «dosimetry index» is defined as the ratio (per 
cent) between the value H(t) of the individual dose equivalent in a periode of 
time (t) and the pro rata fraction (f) of the relevant annual dose equivalent 
limit (Hlim), corresponding to that periode of time. 

H(t) 
Dosimetry Index • 100 

This definition fulfills the conceptual requirement that an index value shall be 
dimensionless. 
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UNIFORM EXPOSURE 

In working conditions which are characterized by uniform external 
to penetrating radiation, assessment of dosimetry index per monitoring 
based on the dose equivalent limit for total body. The values for 
dose equivalent are derived from 

exposure 
period is 

individual 

- Ambient dose measurements. This approach is considered satisfactory as long as 
dosimetry index for the monitoring period is not above 3. 

- Individual dosimetry with one basic dosemeter worn at the trunk of the body. 
These dosemeters are calibrated to Individual Dose Equivalent as recommended 
by ICRU [I]. 
Only in cases where dosimetry index derived so far, are significantly in 
excess of 30, a better assessment is made in terms effective dose equivalent 
using conversion functions [1,2]. 

NON-UNIFORM EXPOSURE 

Non-uniformity of exposure for different organs, tissues or body parts can 
be the result of a variety of causes: 

Mixed radiation fields, different radiation quality will result in highly 
different pattern of energy absorption. Non-penetrating radiation effect main
ly superficial tissue such as skin and eye lens. Depth dose distribution for 
neutrons is highly dependent on neutron energy. 

- Partial external irradiation due to narrow beam configuration or due to shiel
ding or protective clothing. 

- Combination of external exposure and internal contamination, especially when 
internal contamination is from radionuclides that are highly concentrated in 
specific organs or tissue. 

Dose assessment for non-uniform conditions are complicated by the fact that 
dose equivalents for superficial organs are non-additive and are not included in 
the concept of effective dose equivalent. In addition dose limits for internal 
organs, skin, eye lens and extremities differ from dose equivalent limits for 
total body and effective dose equivalent. Dosimetry index is a helpful tool in 
the evaluation of dosimetry measurements (or calculations) by applying the 
concept to each of the non-additive components. 
When none of these respective index values for the monitoring period exceeds 10, 
no further dose evaluation or more precise assessment is made. Doses are 
recorded as measured. In working conditions where at least one of the non
additive dosimetry indexes in a monitoring period exceeds the value of 10, 
individual dosimetry will be focussed on measuring the dose equivalent (or 
related quantity) for related organ or tissue. In many practical situations this 
means that in addition to the basic individual dosemeter, other dosemeters are 
worn to measure exposure of skin, eye lens or extremities, In case of internal 
exposure, monitoring programs are organized in such a way that, where possible, 
intakes can be assessed in terms of committed effective dose equivalent. 

In general, the highest index value is determinative for the operational 
radiation protection approach. 
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REFERENCE LEVELS 

Reference levels for record keeping, investigation and intervention are 
related to dosimetry index. Dosimetry measurement results, corresponding to 
index values below 10 for the monitoring period are recorded as such, but no 
special attention is paid to the accuracy or validity of each result. Further 
investigation by radiation protection staff will only take place in those cases, 
where zero measurements were to be expected. 
Dosimetry measurements below threshold of detection are treated as zero for dose 
assessment purposes, but are recorded in such a way that they can be distin
guished from non-measurements. 

Investigations levels and intervention levels are layed down in a monitoring 
program in relation to both dosimetry index per monitoring period as well as 
dosimetry index per quarter. Investigation levels are by no means used as 
derived limit. Where excess was not planned or expected it is a trigger level 
for radiation protection staff to evaluate the practice, operating procedures 
and working conditions. 
Where excess was expected, investigation is aimed at confirmation that working 
conditions are consistent with planned practice. 
Since exposure levels in normal 
conditions are quite different for 
working condition A and working 
condition B, numerical values for 
investigation levels are different 
also (see table 1). 

TABLE 1 REFERENCE LEVELS EXPRESSED 
IN TERMS OF DOSIMETRY INDEX 

Where investigation levels on a 
quarterly base are exceeded for 
working condition A, attempts are 
made to assess actual effective 
dose equivalent and/or organ dose 
equivalent more accurate. 

Investigation 

Intervention 

CLASSIFICATION 

A 
B 

A 
B 

Monitoring Quarter 
period 

100 30 
30 10 

300 100 
100 30 

In international recommendations and national legislation reference levels 
for classification of working conditions or persons are related to criteria, 
whether individual occupational exposure during a year «might exceed» or «is 
unlikely to exceed» specified fraction of respective annual dose equivalent 
limits. For several reasons, evaluation of actual or projected dose equivalents 
is better be done over shorter time periods: 
- In many practices (e.g. research and education) persons are not continuously 

involved in radiological work. Dose evaluation on a yearly base can lead to 
underestimation of the potential exposure. 

- In general, doses are not received at constant rate (e.g. hot jobs, 
maintenance). 

- Radiation protection management must provide necessary dose-allowance for the 
rest of the year to prevent conflict with ALARA-concept or annual dose limits. 

DOSE DISTRIBUTION 

In literature, information about dose distributions in occupational exposure 
is generally related to dose equivalent for total body [3]. Use of dosimetry 
index on quarterly base provides a mean to present distributions of potential or 
actual exposure for non-uniform exposure conditions. Examples for five types of 
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practice are given in fig, 1. In all case the highest value of non-additive 
indexes is determinative. 
For example: in cardiac catheterization we have learned that dose equivalent to 
the eye lens is far out the higher in proportion to annual dose limits [4). For 
comparison, collected data about medical X-ray diagnostics are presented. The 
same type of distribution is given for radiological research in our university. 
Separately the distribution is given for working conditions A in cyclotron with 
radionuclide production. 
N.B. The number of observations for each distribution is given, expressed in 
number of persons•quarter. 

Fig. I DOSE DISTRIBUTION 
FOR DIFFERENT WORKING CONDITIONS 
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DOSIMETRY INDEX 

A useful characteristic of 
a dose distribution is the 
proportion of persons excee
ding a given dose level. For 
the same practices this infor
mation is displayed in fig. 2. 
This type of information is 
extremely useful for planning 
purposes in radiation pro
tection management. 
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QUALITATIVE AND QUANTITATIVE DECISION AIDING TECHNIQUES APPLICABLE IN 
RADIATION PROTECTION 

Jean Pierre BERTHET 

ELECTRICITE DE FRANCE 
Radiation Protection Departaent 

1 - RADIATION CONTROL PRINCIPLES 

EDF' s exposure reduction program comprises a three pronged at tack on the 
radiation field buildup process, based on modification of PWR's design features, 
and operating conditions. 

1.1. Reducting the sources of radioactive fields 

More than 75 7. of the occupational radiation exposure is due to deposite 
activity on the out-of-core surfaces. So it is very important to minimize these 
deposites. 

There are three ways in witch such contamination can be reduced : 

- use of alternative materials with less corrosion product, input a lower 
activity potential (e.g. to eliminate Cobalt 59). 

- primary chemistry control 

optimizing conditions under witch large-scale corrosion product transfert 
and migration occur during cold shutdown, due to changes in coolant physi
cal and chemical characteristics, as fast flow clean up of primary coolant 
during cold shutdown. 

1.2. Reducing equivalent dose rates 

Biological protection refers to measures aimed to protect workers against 
ionizing radiation, i.e. use a protective shields, and location of work areas at 
reasonable distances from radiation sources. 

Such action must necessarily consider both the radiation level prevailing in 
the vicinity of plant systems and equipment, and the time required for workers to 
carry out relevant operating procedures or maintenance activities. 

for 
It is thus necessary, at the very first stage in plant design, to provide 

rational equipment lay out, i.e. in large members of differents rooms, 
whereby high and low activity systems are separated ; 
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- Installation of permanent biological shields, as required by plant lay out 

- use of remote valve control devices 

limiting neutron leakage by confinement of neutron particle emission to 
the reactor pit. 

Other actions are implemented during plant operation. Work planning studies 
are performed on a case-by-case basis, to identify requirements for any additio
nal protection devices or remote handling tools, needed to restrict work activi
ties to low exposure. 

1.3. Reduction of exposure times 

In nuclear power plants, such reduction are a vital part of radiation 
control strategy. Current programms call for the tiered action aimed at 

to 

- reducing stay time 
- limiting the number of workers subjected to exposure. 

Reduction is achieved firstly, through plant construction features, geared 

- easier equipment acces, 

- use of sophisticated handling equipment (wich entails appropriate design 
of relevant plant room) 

- easy equipment dismantling 

- improved reliability, i.e. less frequent maintenance operations, according 
to the regulatory guides. 

These features are supplemented by a program of permanent actions aimed at 
reducing radiation worker stay times, through 

- better training, wich may, in certain cases (very high radiation levels, 
complex operations ••• ) include use of non radioactive mock-up equipment, 
as an adjunct to traditional course material. 

- better work planning, based on experience acquired in the same or other 
similar plants, through generation and use of detailed plant histories. 

1.4. In-plant radiation protection 

Controlled access area 

All areas of the plants in with average radiation level is likely to exceed 
0,25 mrem/h, and those involving constant risk of surface contamination, or 
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airborne radioactivity, are subject to access control restrictions 

- green area 
- yellow area 
- orange area 
- red area 

radiation level up to 0,75 mrem/h and lower than 2,5 mrem/h 
2,5 to 200 mrem/h 
200 mrem/h to 10 rem/h 
more than 10 rem/h 

Safety of contractor workers 

French law clearly defines the responsabili ties between the plant manager 
and the contractors. 

The plant manager must provide the contractor with any information required 
to assume his assigned responsabilities. 

The contractor is responsible for the safety of his employees, and for any 
hazards generated by their activity. 

He is responsible also for the individual medical surveillance and the indi
vidual dosimetry. 

Personnel dosimetry program 

The personnel dosimetry program involves two separate but interelated means 
of surveillance 

- electronic dosime~er and ::omputer processing 
- statutory individual photographic film badge. 

2 - USE OF FEEDBACK 

2.1. -Main parameters influencing the collective dose 

It is clear that the main parameters influencing the collective dose are, 
for a plant wich is running (except the work organisation) 

- the deposite activity on the out of core surfaces 

In french NPP, primary coolant treatment is called "with coordonate 
lithium". It optimize both, the mass of corrosion products deposited, and the 
location where they are deposited. 

- the way to decrease the temperature of the primary coolant 

The french procedure uses an anticipated oxygenation, as early primary coo
lant temperature is about 120•C, without oxygene peroxyde, but only with an 
injection of air. 

In this way, the advantage of the control of corrosion products, during the 
cycle is preserved, according to the respect of the planning of work. 
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2.2. Qualitative and quantitative decision aiding techniques 

Activity index 

About 12 hours after the reactor has been stopped, the radiological protec
tion service performs a serie of measurements of dose rates, at the contact of 
the primary pipes, and determines an "activity index", in mrem/h. 

It is obvious it exists a correlation between the value and the collective 
dose will be taken during the shutdown. More the activity index is high, higher 
will be the collective dose, and more the maintenance teams will must be care
fu 1 l. 

It will perhaps be interesting to perform complementary measurements, to 
know where are the highest dose rates. Thus, maintenance team will be aware and 
will can protect itself with shield, organizes its worksites to save more time 
and personnel to decrease the collective dose. 

Knowing the "potentiel collective dose", the maintenance team can give 
itself a target. 

Also, it will be interesting, for the future cycles, to know why, for exam
ple, the activity index is higher than the average value of all the NPP (anormal 
deposite, bad primary coolant treatment, failure on purification systems, etc ••• ) 

- Analyse of dosimetry during outage 

For all the maintenance works during a shutdown, the collective dose is 
known. Everybody entering in nuclear island bears an electronic dosimeter, and it 
exists a computerized counting of the doses. 

Works are divided in groups : 

- reactor 
- steam generator 
- primary circuit 
- auxiliary circuits RCCS, 
- in service inspection 
- electric works 
- cleaning, scaffolding 

At the Radiation Protection Department, all the values are collected, and 
the most probable value is evaluated, according to the experience. 

Each power plant must be analyse its results and compares at these values. 
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All the differences will be explained, and it is probably a big progress 
factor. 

To perform this job, we have centralised all the data concerning 

- collective doses (job related) 
- dose rates 
- deposite activity 

on a date base called TIGRE RP. 

3 - RESULTS OF FRENCH NPP 

The graphics showing theses results are note joigned to this paper. These 
will must include the doses of 1987. 

The themes wich will be presented are : 

-collective dose (per reactor, MWyear, ••• ) 
- comparizon EDF and contractor workers, 
- international comparizons 
- outlook for the future 
- exposure data for EDF personnel. 

Nevertheless, the most important results we already can show, are 

- about 130 reactor year cumulated in operation 

- for 1986 : 

- 2,3 man.Sv/reactor (reactors having an outage during the 
year) 

3 10-' man.Sv/MW year generated for the three last 
years. 
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EXPERIENCE WITH ALARA AUDITS IN THE NON-NUCLEAR POWER INDUSTRY 

J. R. Croft, A. P. Hudson and A. D. Wrixon 
National Radiological Protection Board 
Chilton, Didcot, Oxon. OX11 ORQ, U.K. 

INTRODUCTION 

The Ionising Radiations Regulations 1985 which apply to all 
work with ionising radiations in the U.K, give statutory signi
ficance to the ICRP concept that all exposures should be kept as 
low as reasonably achievable (ALARA). Under certain 
circumstances they require the employer to appoint a Radiation 
Protection Adviser (RPA) to provide advice on compliance with the 
Regulations. The National Radiological Protection Board (NRPB) 
acts as RPA to some 600 organisations (largely industrial, 
medical and research) and in support of this role has established 
a structured approach (the ALARA Audit) to help determine whether 
the ALARA principle has been implemented. This approach has been 
integrated into a documentary package, the RPA Operational Files, 
which provides an up to date picture for each establishment of 
the uses, the radiation protection programmes and the resultant 
dose profiles. 

DEVELOPMENT OF ALARA AUDITS 

The use of ALARA Audits evolved from a survey, carried out 
by NRPB, on a random sample of establishments, to determine if 
conscious efforts were being made to implement the ALARA 
principle. One conclusion was that establishments tended to give 
a high priority to meeting regulatory reference levels, but 
little thought to the actual levels of dose involved or the ALARA 
principle. Also it was identified that their radiation protec
tion programmes had generally grown in an ad hoc fashion, without 
any overview of the areas covered, or the effectiveness of the 
programme. It was concluded that the systematic collection of 
all data in a structured format to provide a complete picture of 
the use of ionising radiation and the radiological protection 
programme was a pre-requisite to any judgment on the attainment 
of ALARA. 

One way of identifying all the points that need to be 
covered in an ALARA Audit is to produce an analytical tree 
representing all the components that make up an ideal radio 
-logical protection programme. A simplified portion of such a 
tree is shown in figure 1. Such a structured approach has 
obvious advantages: (a) it focuses attention on radiological 
protection which in itself may lead to dose reductions simply 
through improved practice, and (b) it is a mechanism for 
providing the basic data to be used in more quantitative analyses 
using, for example, cost benefit analysis techniques(1,2). 

INTEGRATION INTO THE RPA SERVICE 

The ALARA Audit was one of the fundamental elements on which 
the RPA Service was built and provided operational advantages for 
NRPB staff in carrying out their duties as RPA's. To be success
ful the system of data collection and most importantly its 
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presentation had to be efficient, easy to use and flexible. Much 
of the information to be recorded is ideally suited to storage on 
a word processor, which in turn lends itself to ease of updating. 
From this a hard copy file can be obtained, structured to cover 
the up-to-date situation, the basis of previous decisions, 
statutory records and any analysis. In formatting the structure 
of the RPA Operational File, it was necessary to consider both 
our ALARA Audits and the audiences which the file would serve. 
Principally these would be the user and the RPA. However it was 
also considered that one objective of the file should be to 
demonstrate, as far as possible, the user's compliance with the 
regulations, so a further audience would be the controlling 
authorities. 

FILE STRUCTURE 

The RPA Operational File has ten main sections with a number 
of sub divisions. The first five sections form the core of the 
ALARA Audit. The essentials are given below. 

1. USES & WORK PATTERNS : Equipment - sources, X-ray sets, 
collimators; Facilities and design based safety - inherent 
protection, safety and warning systems, inbuilt emergency 
capability; Use - methods, workloads, procedural safety; 
Maintenance work - what, when, where and by whom. 

2. SAFETY STRUCTURE : Methods of operation and responsibilities 
- safety committees, RPA's, Radiation Protection Supervisors, 
nominated persons (eg authorised to purchase sources); Training 
- typical schedules, formal and 'on job' training received. 

3. PROTECTION MEASURES : Designated areas (controlled and 
supervised) - basis, delineation, control of access, consequent 
actions; Personal dosimetry - basis of designation form and 
schedule of monitoring, dose trigger levels; Workplace 
Monitoring - instrumentation (availability, maintenance and 
testing), monitoring schedule, trigger levels; Safety system 
evaluation- specification, routine checks (what, how and when). 

4. LOCAL RULES : Procedures for routine use, maintenance and 
emergencies; Description of safety system and responsibilities; 
extent of designated areas, control of access (classified workers 
and written systems of work). 

5. DOSE ANALYSIS : Assessment of hazards (from accidents) -
prevention, mitigation of consequences, emergency procedures; 
Dose analysis - review of individual group and collective dose 
profiles (present and trends), link to workload profiles, 
identification of problem areas. 

Essentially the next four sections might be loosely grouped 
under the heading of 'records', namely: Dose Records, Other 
Formal Records (source records, leakage tests, instrument tests, 
environmental monitoring results, safety checks, details of 
maintenance etc), RPA Reports (visits, memoranda, investigations, 
annual reports etc), and correspondence with Enforcing 
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Authorities. The final section of the file is the working; 
administrative section for the Company and RPA. 

EXPERIENCE OF USE 

ALARA audits and the RPA Operational Files have now been in 
routine use for two years and points of interest arising from 
this experience are noted below. 

(i) Maintenance/non-routine work: the area providing greatest 
scope for staff doses and accidents; but previously 
lacking attention. 

(ii) Safety structures: clearly defined responsibilities and 
communication routes have often been lacking. 

(iii) Training: receiving increasing attention both for formal 
training and on the job training by RPA. 

(iv) Site specific trigger levels: (dose, dose rate etc) 
rarely used previously; now helping to identify problems 
at an early stage. 

(v) Planned preventative maintenance schedules: routine 
checks (e.g. source accountancy, safety systems, workplace 
monitoring etc) have been most successful when integrated 
into such existing schedules. 

(vi) Sources disposal: upsurge in sources for disposal, 
previously they had languished unused in source stores or 
unrecognised in hazardous situations. 

At the end of the day it is the resulting levels of dose 
that matter. Analysis of individual, group and collective dose 
profiles are carried out and their variation with time is also 
monitored. It is difficult to disaggregate effects due to the 
use of ALARA audits and the more general impact of the 
Regulations, but it is clear that the former are having a 
positive effect in terms of dose reduction. Perhaps the most 
striking example is that of an industrial radiography company 
which was surveyed in the initial project. At that time the 
annual collective dose was 1.26 manSv, with 20% of the workforce 
over 15 mSv. Last year, for a similar workload, the comparable 
figures were 0.34 manSv and 0%. 

ALARA Audits are often thought of as having only the 
function of dose reduction. Whilst this is the end point in many 
cases, ALARA Audits should, and in our experience often have, 
identified purported protection measures that are patently not 
cost effective and which require elimination from radiation 
protection programmes. For example, we have found that expensive 
shielding has been installed around some machines to limit dose. 
rates from beta radiation to specified levels, even though there 
is no associated reduction in dose. Thus ALARA Audits should be 
thought of more as an element of attaining appropriate resource 
allocation in radiation protection rather than as a simple dose 
reduction mechanism. 
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CONCLUSION 

Optimisation, or ALARA, is universally accepted as a primary 
objective of radiation protection. However, for some it remains 
an abstract concept. From our experience described above it is 
suggested that ALARA Audits, linked with quantitative analytical 
techniques (such as CBA) and the structured presentation of 
these, provide the mechanisms to translate the concept into 
reality. 
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Fig. 1 Simplified portion of an analytical tree. 
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A SYSTEM OF PERMANENT CODE FOR RADIATION WORKERS 

R. Khatua*, D.N. Srivastava**• and S. Somasundaram*@ 

*Health Physics Division, **Electronics Systems Section; 
Bhabha Atomic Research Centre, Trombay, Bombay-400 085, India 

INTRODUCTION 

The International Commission on Radiological Protection 
<ICRP> has recommended C1J that individual monitoring of 
radiation workers should be carried out in case the annual doses 
are likely to exceed 15 mSv <1.5 rem); and that the personal 
records of all such workers be properly maintained C2J. Workers 
may receive doses from external radiation or from internally 
deposited radionuclides. Personnel monitoring badges using 
dental-size x-ray films (for x- and gamma-rays), nuclear 
emulsions or solid-state nuclear track detectors (for neutrons>, 
photoluminescent glass or thermoluminescent dosimeters, are used 
for monitoring doses from external radiation. Analysis of 
excreta and whole-body radioactivity counting is conducted for 
assessment of internal dose. ICRP publication C3J gives values of 
annual limit of intake <ALl) and derived air concentration for 
this purpose. 

PROBLEMS OF CONSOLIDATING DOSE RECORDS 

In the present system, when a worker is assigned radiation 
work in one installation, he is issued one <or more) personnel 
monitoring badge(s), which he must return after work in that 
installation is completed or after a specified period <usually 1 
to 2 months), whichever is earlier. With this system, it is 
probable that a person working in several installations may 
receive doses less than the permissible level in each installa
tion, but the total dose may sometime exceed the annual limit. 

Moreover, since different numbering systems are being 
followed at present by individual installations for the personnel 
monitoring badges, when a person works in several installations 
during the same period, he may have different personnel 
monitoring badge numbers. The determination of the total dose of 
such an individual, although theoretically possible, is simply 
impractical on a routine basis. 

Hence there has been a long-felt need for a unique system of 
identifying radiation workers, so that the total dose received by 
an individual exposed to external or internal sources, in one or 
several installations, can be routinely and efficiently 
aggregated, and measures can be taken to avoid over-exposures. 

@ Now in Atomic Energy Regulatory Board, CSM Marg, Bombay-400 039 
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THE CONCEPT OF PERMANENT RADIATION IDENTIFICATION NUMBER 

To solve this problem. it is proposed that a permanent 
identifying number may be allotted to each radiation worker. 
which remains invariant throughout his life. irrespective of his 
place of work. With this arrangement. all the exposures received 
by him in various installations can be easily entered in a single 
record of a file, from which the cumulative value as well as the 
complete radiation history of the person can be readily obtained. 

The permanent identification number must reveal particulars 
such as year of birth. sex. and it should be possibe to allot it 
on the spot by any local office without reference to the central 
agency. Moreover. it should be self-checking. so that any 
mistake in writing. or feeding to computer. may be immediately 
detected. Since it has to be invariant throughout the life of a 
person. it should be short and easily memorisable. Any 
identification formula based on decimal numbers will be too long 
to be easily memorisable. or to be referred to on every 
occasion. And if it is not extensively used. the main purpose of 
integrated accounting of radiation data will be defeated. 

APPLICATION OF PHONETIC NUMBERS 

The problem of long numbers in respect of personal 
identification can be easily solved by the application of 
Phonetic Numbers. recently developed in Bhabha Atomic Research 
Centre C4J. Phonetic Numbers have radix 128. Their basic 
numerals of decimal value 0 through 127. are obtained by 
modulating 16 soft consonants into 8 clear vowel sounds. Hence 
their every numeral is soft and clear monosound. Phonetic Numbers 
sound mostly like meaningless words. But because of their short 
structure and soft sound, they are easlily memorisable and they 
can be easily referred. They can be written in International 
Phonetic Alphabet <IPA). But when they are written in any 
Indian script. they acquire extreme simplicity because each 
phonetic numeral is represented by a single letter of the 
alphabet <Table 1). Moreover, the sequence of sound of phonetic 
numerals is same as the sequence of consonants and vowels of the 
alphabet. Hence for phonetic numbers. numerical order is same as 
the alphabetical order in any Indian language. Therefore. all 
papers labelled by phonetic numbers can be arranged or referred 
without going into the mathematical intricacies. A computer 
programme has been already developed in our Institution to work 
with phonetic numbers in respect of file management CSJ. 

BADGE IDENTIFICATION 

Based on the concept of phonetic numbers. a 
Permanent Phonetic Radiation Code <PPRC> formula 
evolved for the identification of radiation workers 
first digit (from the left) indicates year of birth. 
purpose. the year 2000 AD has been taken as reference 
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years of 20th and 21st century are counted backward and forward 
respectively. By this scheme, the phonetic year code recycles 
after every 128 years, making the scheme perpetual. The second 
digit indicates the office of allotment. The third digit can be 
randomly taken. The vowel sound of the last digit indicates 
male/female, and its consonant is a check-code which has 
mathematical relationship with the whole code. By this formula, 
it is posssible to account for 128 years of human age, 128 
offices of allotment,and in each office 512 males and 512 females 
corresponding to any year of birth. In all we get 16,777,216 
unique PPRCs. 

RELEVANCE IN THE INTERNATIONAL CONTEXT 

The scheme of PPRC now being introduced for the first time 
for radiation workers in India, has the potentiality of extension 
to all the radiation workers in the world. If the PPRC digits 
are increased to 6, the number of unique phonetic identification 
codes, corresponding to a given year of birth, will be more than 
2,000 million; and there can be provision to identify nations and 
laboratories. Under such an International scheme, even in the 
case of global transfers or migration, the exposure data and 
radiation history will retain unbroken continuity. 

CONCLUSIONS 

The adoption of PPRC proposed here will facilitate 
correlation and entry of all radiation dose data for an 
individual in a single record of a file. This will prevent 
inadvertent over exposure of radiation workers, and will also be 
valuable for biomedical studies of long-term effects of low-level 
radiation. 
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SOME EXPERIENCES FROM THE PRACTICAL APPLICATION OF ALARA PRINCIPLE 

P.Markovic*,Dj.Ristic**,M.Ninkovic** 

*Faculty of Natural Sciences,Physics Department, 

Kragujevac and "Boris Kidri~" Institute of Nuclear Sciences, 

Radiation Protection Department,Beograd,Yugoslavia 

**"Boris Kidri~"Institute of Nuclear Sciences, 

Radiation Protection Department,P.O.Box 522,Vinca,Belgrade, 

Yugoslavia 

1. INTRODUCTION 

One of the basic principles of the ICRP Recommendation,Publica
tion 26 is well known requirement that each exposure to ionizing 
radiation should be kept as low as reasonably achievable. This re
quirement is known as the ALARA principle,which serves as the back
ground,for the optimization of radiation protection.(1).This optimi
zation must be applied to both,technical and organizational measu
res.As such ALARA principle is incorporated,with some modifications, 
into the radiation protection legislature of the majority of count
ries where sources of ionizing radiation are being used. 

In this paper we discuss incorporation of ALARA principle into 
Yugoslav radiation protection legislature,as well as an example of 
its practical application for radiation sources used in metallurgy. 

2o ALARA PRINCIPLE IN YUGOSLAV RADIATION PROTECTION LEGISLATURE 

Yugoslav legislation which regulates radiation dose limitation 
consists of two parts: A Law for Protection against ionizing radia
tion and particular safety measures in nuclear energy use,and B.Re
gulations. 

The law,which is voted by the Federal Parlament,treats problems 
of radiation protection in a rather general sense,defining radiation 
protection goals,sources of ionizing radiation,general measures and 
actions in the practice of radiation protection, etc. Part of the 
law deals with safety of nuclear instalations and nuclear materials. 
As far as the ALARA principle is concerned it is nowhere explicitly 
stated in the law, but it could be recognized in few articles of 
the law. 

In fourteen regulations, which are defined by the law, in de
tails are regulated different aspects of radiation protection in all 
variety of the use of radiation sources. As far as ALARA principle 
is concerned the most important of these regulations is one titled 
"Limits above which population at large and individuals working with 
sources of ionizing radiation must not be exposed .... ". In article 
5 of this Regulation it stands: 
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"Dose for individuals working with the sources of ionizing 
radiation,members of the public and population at large, 
from all individual radiation sources,or from all sources 
which are being used in any practice,are limited by: 

1) Justification of the application of a given type of radia
tion source and justification of use of radiation sources 
in a given practice. 

2) Optimization of the protection from ionizing radiation. 

3) Limits of the effective equivalent dose for an individual. 

This article elaborated further in the mentioned Regulation, 
as well as in all other Regulations,serves as the bases for all 
measures and actions which are to be undertaken in practical work 
in the field of radiation protection in Yugoslavia. 

3. AN EXAMPLE OF THE PRACTICAL APPLICATION OF ALARE PRINCIPLE 

In the text to fallow it will be elaborated one example of the 
practical application of ALARA principle. The example is concerned 
with radiation protection optimization in the use of radiation sour
ces in metallurgy,where,as it is known,are being used different ra
diation sources in a considerable number. 

One,firstly,has to go through the justification procedure, 
which in our case is being done according to the following procedure: 
One first identifies all sources and whose application should be 
justified. The second step in the process of justification is to 
consider and meet all general requirements of radiation protection, 
after which one estimates the price one has to pay due to use of 
the radiation source in the considered application. This estimation 
includes nonradiation protection too. In the estimate of total be
nefit one consideres measurables as well as nonmeasurable social 
benefits. If one finds that net benefit 0 then application of 
the source is justified and oposite. Even if 0, one has to do 
still another step before deciding about justification of the sour
ce use-it is nessary to carry out so called relative estimate of 
the practice, comparing justification of the alternative,nonradia
tion,practice,with the same benefit. 

Step 1. Application which is to be optimized 

-Level measurers (137-Cs); 
-Thickness measurers (241-Am); 
- Thickness measurers with X-ray generators; 
- X-ray generators for industrial radiography; 
- Ionization smole detectors; 
- Neutron sources. 

Step 2. Parameters of Optimization Identification 

-Shielding (statical and portable); 
- Shape of the source container; 
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- Planing of the operational procedure; 
- Definition of the time one spends near the source 

(regulated by internal regulation and for each working 
place separately); 

- Establishement of the controled areas and limitation of 
time one can spend in them; 

- Automatization of operation,and manipulation from the 
distance; 

- Excercise of the procedure without source; 
- Adequate management of the source layout and of the 

radioactive wastes. 

Step 3. Estimate of the Optimal Protection 

Two approaches are to be used: a)quantitative and b)qualitative. 

(a) One, by the established procedures, carries out an estimate 
of the equivalent dose below which it is not justified to 
go with any further reduction. 

(b) This approach is applied in those cases where we already 
have operation with mounted sources. On the bases of Regu
lations, experience and subjective judgement one estimates 
the optimization protection. 

Step 4. Selection of the Optimal Protection 

On the bases of the so far discussed steps one selects the 
optimal radiation protection for a given use of radiation source. 

By using the shown optimization procedure it was possible to 
reduce considerably the doses of irradiation for individuals emp
loyed in a steel plant we treated separately. With smaller modifi
cations this optimization proceudre could be used in many other 
applications of the sources of ionizing radiation. 

4. REFERENCE 

1. ICRP Publication 26,Pergamon Press (1977). 

2. P.Markovi6, Dj.Risti6, V.Manic, Optimization of Radiation 
Protection in the Application of Radiation Sources in 
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Vol.XIV, N°50-51 (1986). 

3. M.M.Ninkovi6, Effects of New ICRP Recommendation on Current 
Radiation Protection Practice, Kernenergie, Bd.26.H.9 (1983). 
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QUALITE ASSURANCE APPLIED TO RADIOLOGICAL PROTECTION 

J. Cluchet 
Commissarait a l'Energie Atomique 

Direction des Applications Militaires 
Direction de la Qualite et de la securite 

31 Rue De La Federation 75015, Paris, France 

ABSTRACT 

Quality Assurance is required for most industrial 
France, a by-law was passed concerning Quality Assurance 
Nuclear Facilities (Code of Practice 50-C-QA of IAEA). 
advantages of introducing these rules in Health Physics ? 

activities. In 
for Safety of 
What are the 

Of the three fundamental recommandations given by the ICRP 
(Publication 26), Quality can bring effective help to the optimisation of 
exposure (ALARA) and to the control of exposure limits. It leads to an 
extensive analysis of the activity concerned, and of the di.fferent working 
positions and conditions in Health Physics. A great deal of exposure can be 
avoided or minimised, cheaply, if work conditions were considered in more 
detail. Optimisation can then be reached, at the same time improving workers' 
security. A list of important elements for Health Physics can be set up, and 
so optimise technical and human means, thanks to a risk "hierarchisation". 

Applied to Health Physics, Quality could be considered in the 
following way census and quantification of risks, study of the 
"cost-advantage" of the different measures it is possible to undertake, study 
of each working position and optimisation. Of course, Quality can also be 
applied in a more classical way to all that concerns measuring devices, 
protection equipment, formation of personnel, projects, etc. 

The existence of written documents would allow for a perfect 
continuity in Radiation Protection, and a good transmission of knowledge. It 
would ensure a rigourous control of statuary laws and audits would guarantee 
Quality, which could only improve the protection of workers. The introduction 
of Quality would fundamentally change the work of Health Physicists. There is 
no reason why Health Physics should not benefit by modern analysis techniques 
and Quality Assurance. 

Existing rules have incited us to develop essential steps for Quality 
Assurance practices to be applied to Radiation Protection. In utilizing the 
safety guideline 50-SG-QA2 of the IAEA, an example can be shown by bringing 
out a records system. We are therefore studying the development of a new way 
to approach and solve Health Physics problems. 
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SHIELDING REQUIREMENTS FOR DIAGNOSTIC AND THERAPEUTIC X-RAY 
APPARATUS IN SOUTH AUSTRALIA: 

REGULATORY REQUIREMENTS, SPECIFICATION AND ASSESSMENT OF 
X-RAY ROOMS 

G Bibbo 
South Australian Health Commission 

GPO Box 1313 
Adelaide SA 5001 

ABSTRACT 

In South Australia the shielding requirements for 
diagnostic and therapeutic X-ray apparatus depend on the 
maxiumum power output of the equipment regardless of workload, 
usage or occupancy. 

The method of calculating the required shielding is 
discussed and the procedure for assessing the degree of 
radiation protection of the X-ray room once the apparatus has 
been installed is outlined. 

INTRODUCTION 

In South Australia, ionizing radiation is controlled by the 
Radiation Protection and Control Act, 1982 and its Ionizing 
Radiation Regulations, 1985. Under the Act, X-ray apparatus 
must be registered with the South Australian Health Commission. 
However, the Commission cannot register the apparatus unless it 
has been constructed, shielded and installed in accordance with 
the Regulations. 

The most widely accepted methodology for the calculation of 
the radiation shielding is that contained in the NCRP Report 
No.49. Using the equations in Appendix B of this report, the 
thickness of the barrier for primary radiation, scattered 
radiation and leakage radiation can be computed as a function of 
the distance from the radiation source and the product L = WUT, 
where W, U and T are, respectively, the workload in mA min/week, 
use factor and occupancy factor. 
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For new X-ray installations specific information on the 
value of L may not be available and is usually estimated. An 
underestimate can lead to inadequate shielding specifications 
which are expensive to correct after the room has been 
completed, while overestimates lead to unnecessary costs. 

REGULATORY REQUIREMENTS 

The Regulations 
shielded such that: 

require that diagnostic apparatus be 

1. "The air kerma rate: 

<a> 50mm from any wall, door, 
outside a room, space or 
apparatus is installed, being: 

window, floor or ceiling 
enclosure in which the 

<i> an area continuously occupied by a radiation 
worker; or 

(ii) a corridor, walkway, lift, stairway, carpark, 
toilet or other area that is normally occupied by 
a member of the public for a short time; and 

<b> 50mm from behind a protective screen, 

must not exceed 25 microgray per hour when the apparatus is 
operated at its maximum rated X-ray tube potential and one 
half of its maximum continuous tube current at that 
potential", and 

2. "The air kerma rate 50mm from any wall, door, window, floor 
or ceiling outside a room, space or enclosure in which the 
apparatus is installed, being an area occupied by a member 
of the public for other than a short period of time, must 
not exceed 2.5 microgray per hour when the apparatus is 
operated at its maximum rated X-ray tube potential and one 
tenth of its maximum continuous tube current at that 
potential." 

For therapeutic apparatus the shielding requirements are 
similar to those for diagnostic installations, except that in 
<2> above one half of the maximum continuous tube current is 
used instead of one tenth. 
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The philosophy behind the development of the shielding 
requirements expressed above was that an X-ray machine should be 
shielded so that in areas continuously occupied by radiation 
workers and by members of the public, the air kerma rate should 
be such that the annual dose limits for radiation workers and 
general public would not be exceeded when the machine is 
operated at its maximum capacity. However, calculations of 
barrier thicknesses indicated that application of this concept 
was causing overshielding and, therefore, unnecessary costs. 

A comparison of the shielding design between the method used 
in NCRP 49 and that discussed here indicated that overshielding 
could be prevented if factors of "one half" and "one tenth" of 
the maximum continuous current at the maximum rated kV were used 
in the calculation of shielding for radiation workers and 
members of the general public, respectively. The comparison was 
made for an existing X-ray room in a large hospital where the 
workload could be determined accurately. In the calculations 
made using the NCRP 49 method a weekly exposure of 100 uGy was 
used for radiation workers. NCRP 49 reports that the cost of 
shielding for typical diagnostic and therapeutic X-ray 
installations will only increase approximately 25% if the 
shielding design for radiation workers is based on a weekly 
exposure of 100 uGy rather than the maximum design value of 
1000 uGy. In other words a tenfold increase in radiation 
protection could be gained for a 25% increase in cost. An 
analysis of the shielding materials available locally and their 
costs indicated that in South Australia for these more stringent 
shielding conditions the average increase in the cost of X-ray 
installations is consistent with that mentioned in NCRP 49. 

The shielding concept espoused in this work has the 
advantage that it eliminates contention between the legislative 
body and the owner of the installation as to whether the 
equipment has been adequately shielded. It is also consistent 
with the ALARA principle in which exposure to radiation is as 
low as practicable without large increases in the cost of 
shielding. 

SHIELDING SPECIFICATIONS 

In specifying the structural shielding requirements 
equations 3c and 6f, Appendix B of NCRP 49, are used where the 
product WUT is substituted by L calculated as discussed above. 
It has been found in practice that it is not necessary to 
consider leakage radiation separately as the shielding 
requirements calculated for the scattered radiation are also 
adequate for leakage radiation. 
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SHIELDING ASSESSMENT 

The adequacy of shielding is assessed once the installation 
is completed using a water phantom with a depth of 200 mm and 
field area the same as that used in the shielding calculation. 
A tube voltage as close as practicable to the maximum rated kV 
of the tube and a charge between 50-200 mAs are used. 

A radiation survey is then made with a 100 cm2 ion 
chamber. Various critical locations are surveyed, e.g. behind 
the operator's protective screen, door and joints in wall 
partitions. The air kerma rate at these locations is then 
calculated using the appropriate fraction of the maximum 
continuous current at the kV at which the exposures were made. 

SUMMARY 

In South Australia the shielding required for diagnostic 
and therapeutic X-ray equipment depends on the maximum power 
output of the apparatus only. 

The method discussed above has proven to be practical and 
does not lead to overshielding of X-ray installations and is 
consistent with the general objective of the ALARA principle 
incorporated in the legislation. It has also eliminated 
contention between the legislative body and the owner of the 
installations over workload, usage and occupancy. 
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A !Jf(JLTI -CXl'IPAR'IMENT SYSTEH APPffi.ACH FOR 
OPTIMAL ORGANIZATICJ'J OF RADIATION SAFE'IY 

N.H. Shafrir am P. Dickstein 
Department of Nuclear EilJineerin::r 

TErnNICN - Israel Institute of Technolcqy 
IL-32000, Haifa, Israel 

Years of experience in radiation safety at universities and research 
institutes re11ealed th= lal:x:!ratory classification, radiation p!:otection 
re::jUlations and supervision practice usually applied, to te non-optimal. 
'l'hey are too riyid when applie:l to specific types of rndiation work and are 
sanetmes not rigid enough tD enable the use of existing gener-al purpose 
facilities for otter types of radiation expedments . 

In light of these crnsiderations, a new and rrore specific awroach tD 
radiation protection organization, supervisirn and cptimization is presente:l. 
It is base:l on a detailed classification of ra:Hation scurces of all kinds, 
which takes into consideration a large numl:er of physical, chemical, biological, 
technical and quantitative p.rrameters of the source and the rrroe of its use. 
Consequently, all other factors involved in radiation work and safety, such as 
the teclnical r~irarents concerning laboratories and control areas, ruper
vision and mcnitoring, etc. on the one hand, and factors related to radiation 
workers like personal protection and monitoring, medical supervision, instru
m:ntation, etc. on tlE other. hand, are influence:l by this classification. The 
factors involved in radiation work and safety are nutually dEpendent and form 
a nulti-cCI!parbnmt system with linkage parameters bet~en its cCI!ponents. A 
schEm3.tic block diagram of the successive information flCM and the decision 
making is presEnted in fig. 1. cnce the system is ~ll def ine:l, any variation 
in cne of the conponents causes an iterative-like process, until the system is 
again in "steady state", resulting in an cptimal procedure for safe radiation 
work and prcper safety organization. This process enables an individual treat
mEnt for each case, and cptiirizes the safety darends fran toth the safety and 
econanical aspects. The meth::rlology of establishing the system is hase:l upoo 
a detaile:l analysis of those sub-blocks of "Perscnal Radiatim Safety" and 
"Areal Radiation Safety" in fig. 1. 

Suppose a block denoted S, which is responsible for a certain aspect of 
the radiation safety. There are N different means which can contrilute to its 
goal, so that {S}= Si, i=l,N. At this point all the canbinations cJ< of the 
Si' s are calculate:l. Each combination is examined as to its ability to te 
sufficient for facing a certain radiation source at a certain physical, 
chemical, biological or technological state. At the errl of this process, a 
new grrup {R} is famed, of radiation sources, where {R}= {Rj, j=l,M}. M is 
the number of different radiation scurces that the block S can handle. This 
proce:lure is being carried out for each of the blocks which form the multi
carq:>artmmt m:rlel, resulting in an enlarge:l group {R} consistirlJ of a fully 
detaile:l variety of radiation scuroes. A flow chart of the rrethcrlology is 
schemed in fig. 2. 

Finally, based on pwfessional experience and judgement, {R} can te 
reduced to a more practical group {Rl}. Consequently, the blocks "Radiation 
'1-'brkers" arrl "Radiation Areas" are determined. At this sta:re, the system is 
ready for operation. It should te mentioned that the content of each of the 
sub-blocks of "Personal Radiation Safety" and "Areal Radiation Safety" should 
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Fig 1 : Schematic Black Diagram of the Successive I nformatian Flow. 



ANALYSIS OF Nt BLOCKS 

Nr = Kt = k2 = k3 =0 

{ Block ( K1 ) } ::::> Bj , j = 1. M 

N2= rc~ 
K=l 

NO YES 

YES 

YES 

Fig 2 : Flow Chart for Classification of Radiation Sources. 

Nr. Kt. K2 - COUNTERS 
N1 - #OF BLOCKS FOR ANALYSIS 

Bj 's - MEANS INCLUDED IN THE Kl'th BLOCK 
N2 - :f#: OF COMBINATIONS OF Bj's 

C( K2) - THE K2'th COMBINATION 
R - THE SET OF DIFFERENT RADIATION SOURCES 
r - RADIATION SOURCE 
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crnfirm with the regulatirns of IC:RP. 

Tre conputerized integrated rcrliation safety systEm described is especially 
suitable for universities and researdl institutes where a large variety of open 
and sealed rcrlioactive soorres and rcrliatirn prcrlucing equ:ipment is used. It 
interlinks all the steps and provisirns to re taken and the neCEssary regula
tims to re issue::l for most practical types of rcrliation experiments. 'I'he 
flexibility of the systan rrakes it possible to fit an alrrost individual 
solution for each case, crljusting a sui table proCEdure , ootimal from both 
safety and ecrnanical aspects. 
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SOME CONSIDERATIONS ON COSTS INTENDED FOR THE COST-BENEFIT ANALYSIS 

IN THE OPTIMIZATION OF RADIATION PROTECTION FOR WORKERS 

Masahiro DOl'*'' and Yoshiyuki NAKASHIMA'* 2
' 

<*DRadiation Center of Osaka Prefecture. (Sakai-shi,Osaka,JAPAN) 

<*2) Radiation Safety Eng in. Lab. , Nuc l. Eng in. , NAGOYA UNIV. (Ch ikusa-ku, 

Nagoya, JAPAN) 

CONSIDERATION ON THE CONCEPT OF 'COSTS' 

To carry out Cost-Benefit Analysis for optimization of radiation protection 

<ICRP77, ICRP83), first of all, it is necessary to clear the concept of 'Cost'. <Our 

concepts on costs concerning the optimization of radiation protection are 

follow in g. ) 

From the view point of decision basis,one should clearly distinguish 

between protectional planning for the public and that for workers. The decision 

for the former must be founded on the social justification of the practice 

involving social costs so-called NEGATIVE EXTERNALITY in welfare economics. The 

decision of one enterprise for the latter must be affected by the practice 

predictable among the other industries of interest. The following is limited only 

to the protectional planning for workers. 

Costs of Radiation Protection are in general considered definite monetary 

value. However,Costs of Radiation Detriment are so obscure that they have not 

been recognized as definite quantitative value as well as monetary one. 'Costs 

of Radiation Detriment' are ICRP's newly coined word and conceptual quantities 

intending for use in protectional design and planning. It is better to have the 

sense for the suggestive object in ICRP's concept of the 'Cost-Benefit Analysis 

in the Optimization of Radiation Protection' rather than straying off into the 

problem with a sense of values: "Is the conversion of Radiation Detriment into 

monetary value right or wrong from the ethical point of view ?",because we could 

not leave 'Costs' out of our cousideration in any protectional decision-making 

processes whether we recognized those or not. 
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TWO INCOMPATIBLE OBJECTIVE FUNCTIONS IN PROTECTIONAL 

DECISION-MAKING PROCESSES 

Introduction of radiation protection to an industry must increase costs. 

This would lead to selling the capital's stocks at a profit.From the managerial 

standpoint of the industry,'costs' are likely to be cut off to maximize profits. 

Seeking profit is a fundamental objective function to the managerial executives. 

On the other hand,protectional objective function is also necessary.Costs 

of Radiological Detriment are defined to justify the investment in protectional 

measures from the economic point of view. Cost-Benefit Analysis using costs of 

radiological detriment has emphasized the 'Protectional objective function' 

which demands an investment of the management in protectional facilities and/or 

instruments to the extent of 'alaRA' (this expression will be given a little 

later). The relationship between the two objective functions is schematically 

given in Fig.l. The decision-maker should resolve himself to the arbitration 

between the objective functions in the processes of the optimization of 

radiation protection. 

Managerial objective function Protectional objective function 

J. J. 
Chase of profits To minimize 'Costs' 

Cutting down expenses including 'Costs' consist of Radiation protection 

Costs of Radiation protection(X) (X) and Radiological detriment(¥) 

Fig. 1 

Inevitable confrontation 

r---------~Systematical arbitration-------------, 

Decision-making process with Cost-Benefit Analysis 

that intends to alaRA-principle 

The Relationship between the two objective functions in decision-making 

processes intending to the Optimization of Radiation Protection 
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SOME APPLICATIONS OF COST-BENEFIT ANALYSIS TO GENERAL CASES OF 

DECISION 

Decision-making processes are devided into some steps,namely,plan at the 

administrative steps,design and operation at ordinary works,negotiation between 

labor and management, and so on. The decision-making process intending for the 

Optimization of Radiation Protection is only a part of operational decisions. 

While,Costs of Radiological Detriment are classified into two types:one is 

Cost of the objective health detriment with stochastic nature and the other is 

that of the psychological detriment. These two types of Cost are fulfilled their 

function separately according to circumstances of decision-making processes. 

As a tentative, the authors suggest that the cost of protection must be 

balanced with that of the objective health detriment with stochastic nature 

(based on so-called a-value)through the labor and management joint consultation. 

The other type of cost resulting from the psychological detriment (represented 

by the ~-term) must be discussed in the negotiations on wage expenses.As psy

-chological stresses resulted from radiation exposure would depend mainly on 

personal character of each worker, it would vary diversely and could not be 

treated in the same way as the stochastic health detriment. 

Investigations on the optimum protectional measures and costs have to be 

distinguished from managerial negotiations on wage expenses. For worker,decision

making procedures for the optimization should be composed of two stages.First, 

the Cost-Benefit Analysis is carried out simply using the cost of the objective 

health detriment (as 'alaRA'process). Second, the negotiations including the other 

non-health ones between the management and the labor union are followed (as 

'ALAra'process). 

MARKET SYSTEM CRITERIA 

Decision-making processes of each enterprise are easily influenced by 

surroundings,especially by the trends of market. Market price is a criterion 

to keep the balance between supply and demand on operational decisions.So,Cost

Benefit Analysis cannot be taken into the practice independently of the market 

system criteria. Unfavorable influences of market system criteria with decision

making processes intending to the present Optimization are noted as follows. 
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Cost-Benefit Analysis loses its rationality, if the market system is made 

in keen competition,because decisions of the labor just in above case must stand 

on the same managerial basis as that of the management to keep the market share 

through the joint consultation. To avoid unfavorable dumping the theoretical 

framework on market operations would be elaborated to guarantee reasonable 

competitions.Further studies are necessary on the relations between decision

-makings for the Optimization and the market system criteria. 

CONCLUSION 

(1) Managerial decision-makings are naturally governed by the profit-chasing 

objective functions that are apt to reduce the 'Cost'. To convince the 

workers of the bases of the decision, it is proper to demonstrate the utility 

of protection cost as saving the cost of the objective health detriment. 

(2)For worker,decision-making procedures for the optimization should be composed 

of two stages.First,the Cost-Benefit Analysis is carried out simply using 

the cost of the objective health detriments(as 'alaRA'process).Second, the 

negotiations between the management and the labor union are followed to 

consider the other non-health ones(as 'ALAra'process). 

(3)The market share for the enterprise utilizing radiation being declined 

excessively, there must be no room for the present optimization because of 

financial difficulties. The optimum radiation protection and ALARA could be 

realized under the market system well functioned. 
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THE USE OF MICROPROCESSORS AT TRIUMF 
IN THE CONTROL OF RADIATION SAFETY INTERLOCK SYSTEMS 

L.King 
TRIUMF, 4004 Wesbrook Mall, Vancouver, B.C., Canada V6T 2A3 

ABSTRACT 

At TRIUMF the cyclotron vault, all primary beam lines, and each experimental area 
has a dedicated control unit to manage the safety interlock control of the area lockup 
sequence, beam blocker drive and area access. Typically each area has 24 devices which are 
monitored to control 16 outputs. These control units (Area Safety Units) were first 
implemented through the use of relay logic. The relay logic was reliable but difficult to 
modify to incorporate changes to the areas. In 1979 it was decided to use microprocessors in 
the form of single board computers to control the Area Safety Units. This paper will discuss 
the details of the hardware and software used as well as the advantages of microprocessor 
control. 

INTRODUCTION 

The TRIUMF cyclotron is capable of accelerating H- ions to an energy greater than 
500 MeV at currents exceeding 100 microamperes. This results in radiation fields greater 
than 1 Gray per hour in certain areas which dictates that personnel must be excluded from 
these areas during operation. To accomplish this thrre is an extensive safety interlock 
system comprised of the Central Safety System (CSS) for global site radiation safety and 
machine protect, and dedicated Area Safety Units for control of the exclusion areas. 

At present there are 12 such personnel exclusion areas. The ASU controls the area 
lockup sequence and may also provide control over local devices such as beam blockers or 
radiation emission devices such as RF or DC separators. Each ASU operates 
independently and makes decisions based on the status of local devices and signals received 
from the CSS. The results are then sent to the CSS or used to control local devices. Signals 
are sent from the CSS to the ASU to enable the operation of certain local devices. 

TYPICAL LOCKUP AREA 

Each area's safety system consists of an exclusion area (walls, fences, etc.), doors, a 
lockuf chain, alarms (horns and beacons) and an ASU. In addition to these devices there 
must be at least 2 or 3 devices to prevent beam from being delivered to the areas. The 
lockup chain ensures that a physical search of the area is completed before beam can be 
delivered to the area. Depending on the physical layout of the area, the lockup sequence 
may require one or two people to complete. 

A lockup chain consists of a series of watchman stations which are connected in 
such a manner that they have to be armed in a specific sequence. The watchman stations 
have a push-button to "arm" and an emergency trip push-button or "Panic Button" which is 
hardwired directly to a fast trip relay circuit. The watchman stations are physically 
positioned so that the entire area must be checked to complete the sequence. 

The door lock mechanism is such that the gate or door must be closed and locked 
before the key can be removed. Where there is more than one door a transfer lock is 
included in the lockup routine. The transfer lock mechanism has a tumbler for each door in 
the area and includes a control key. All the keys from the doors must be inserted and 
turned in the transfer lock before the control key can be removed and the control key has 
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to be inserted and turned before any of the other keys can be removed. Either the control 
key, or if there is only one door, the door key must be inserted and turned to the capture 
position in the key release unit as one of the conditions to define the area a~ "secured". 
Microswitches signal the ASU logic when the key is captured in the release unit and the 
release of the keys is controlled by the ASU. This method of keying ensures that all doors 
must be closed and locked during the operation of an area. 

MICROPROCESSOR CONTROLLED AREA SAFETY UNITS 

When the decision was made to change from relay logic to microprocessors for the 
control of the ASUs there were a few conditions that had to be met. 

1 The program had to be stored in EPROM 

2 The system had to be able to self start on a powerup 

3 Must use high true logic( + 24 VDC for a true or "on" condition). 

4 The Central Safety System employs Boolean algebra using standard logic notation 
("*" is the AND function, "+" is the "OR" function,etc.) to determine which outputs to set 
to a true condition. It was desirable to retain the Boolean algebra capabilities in any new 
design. 

The first microprocessor controlled ASUs used a single board computer (SBC) 
manufactured by Cromemco. The board was Z80 based, had 4 1/0 ports, 1 serial and 3 
parallel, and included sockets for four 2716 EPROMs. Two of the sockets were populated 
with EPROMs which contained Control Basic and a monitor program. The Control Basic is 
an interpreter basic which handles boolean algebra utilizing standard logic notation. 
Industry standard opto-isolated 1/0 modules and mounting racks were interfaced to the 
processor board via a fan-out board and associated cabling. After the program was 
debugged it was burned into EPROMs which were then installed in the sockets on the SBC. 
The system would autostart on a reset or powerup. 

THE STD BUS 

A major component on the single board computer was obsoleted by the 
integrated circuit manufacturer which rendered the boards impractical for any future 
designs. It was therefore necessary to select a new system to install in future designs using 
the same criteria as in the original selection with the additions that: 

1 The equipment must be multi-sourced 

2 The new equipment must maintain as much compatibility as possible with existing 
equipment. 

For these reasons the STD BUS was chosen. I/0 boards are manufactured for the 
STD BUS which connect directly to the existing module mounting racks through a 50 
conductor ribbon cable. These boards are industry standard and are produced by a number 
of different companies. A wide range of microprocessor boards is also readily available 
including one which has an EPROM based basic that supports all the instructions included 
in the Cromemco version with some enhancements. By selecting the STD BUS any future 
upgrades can be implemented merely by replacing boards in the STD BUS card cage 

1324 



without any changes to the field wiring. To upgrade the existing microprocessor controlled 
ASUs to the SID-BUS the single board computer and fan out board are removed and 
replaced by a card cage, associated boards and a power supply. 

AREA SAFETY UNIT HARDWARE (Details) 

Input Output Section 

External input signal levels are at + 24 VDC for a true or safe condition and all 
devices driven by the ASU must receive + 24 VDC or 115 V AC to operate. The + 24 VDC 
and 115 VAC power is supplied by an uninterruptable power supply. Any interruption or 
break in the cabling to or from the ASU will disable the appropriate devices and fail safe. 
Plug in modules as per Nema ICS 2-230.02 are used to convert these levels to + 5 logic 
levels for the SID rack. The modules incorporate opto-isolators to provide 2500 V AC 
isolation between the field wiring and the logic levels for both input and output modules. 
Racks are available to house 4, 8, 16, or 24 modules and have a separate LED indicator and 
fuse, between module and external circuitry, for each module. The 1/0 module mounting 
racks are connected to the General Purpose Interface Card (110 board) in the STD BUS via 
edge connectors and a 50 conductor ribbon cable. Each 1/0 board can interface to 24 or 48 
inputs and/or outputs and require 4 or 8 consecutive port addresses which are set by 
onboard plug in jumpers. All components in the I/0 section are multi-sourced and are 
readily available. 

Microprocessor 

A number of processor boards are manufactured for the STD BUS incorporating all 
of the major microprocessor chips. The board selected for the first SID BUS installations 
was a Z80 based board with 2 RS-232 serial ports, 4 byte wide memory sockets and a basic 
interpreter on EPROM. Onboard jumpers are used to configure the sockets for size and 
type of memory RAM, EPROM or EEPROM. In the development system, EPROM based 
BASIC firmware occupies one socket, two sockets contain RAM and the forth socket 
contains an EEPROM. In the operating system the EEPROM is replaced by an EPROM. 

ASU SOFTWARE 

An ASU program consists of five main areas: 
1 initialization; all variables are set to zero 
2 variable assignments; the input ports are read and the value is assigned to an 

array variable. Array variables conserve the limited number of integer variables supported 
by BWS-Basic. BWS-Basic supports 52 integer variables referenced as A-Z and AO-ZO. 
Each bit in these arrays is extracted and declared as a integer variable. 

3 This section contains the Boolean algebra equations which determine the status of 
the outputs. The first two lines of this section constitute a watchdog timer routine which 
toggles the first output module once every cycle through the program 

4 In this portion, input latch and timer functions are executed. Input latches are 
necessary to hold a value for a momentary contact device such as a push-button or door 
microswitch. The length of time the lockup alarm sounds and the time allocated to 
complete the lockup sequence are examples of timer functions performed by the ASU. The 
timers do not use the timer functions incorporated in BWS-Basic as the software overhead 
required by this function would result in unacceptably long program cycle times. Rather, 
array variables are set to a numeric value and these are decremented each cycle to a zero 
value at which point the timed task halts. 
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5 Here the output variable bits are packed into 8 bit bytes and sent to the output 
ports. The final line of the program is a statement to return program execution to the start 
of section #2. 

In the change over to the SID BUS BWS-BASIC is employed to implement the 
logic. The advantage of Basic is that it is readily understood and although the syntax varies 
from one "BASIC" to another the underlying structure remains the same. When upgrading 
one the earlier SBC controlled ASUs to the SID BUS the syntax of some of the routines 
had to be rewritten but the Boolean equations did not change. This meant that once the 
initialization, input, variable assignment, and output routines had been written the 
equations could be imported from the SBC version. 

The program for the STD-BUS was written on an IBM PC/XT clone using a 
memory resident program incorporating a full screen editor. The program was written and 
saved on the PC and then transfered to the STD-BUS using a terminal emulator program 
that provides ASCII file transfer and capture. 

Once the program is transferred to the SID BUS it is tested on a simulator which 
consists of all of the hardware of an operational ASU but employs switches to simulate 
inputs and LEOs to display the status of the outputs. During the debugging process changes 
to the program for diagnostic purposes are written to the SID-BUS CPU RAM while 
changes to the program are done on the PC and transferred to the STD-BUS. This is to 
ensure that there is a record of program changes. 

The next phase is implemented once the program appears to have all the bugs 
removed and involves moving the program from RAM to a semi-permanent memory either 
a battery backed RAM or an EEPROM. This is necessary to check that the program will 
perform properly on a power up or reset. The program is then thoroughly checked using 
the simulator. 

The development system is now ready for long term testing which involves setting 
up the simulator to mimic the operating modes of the lockup area it will be installed in. It is 
run in each mode for a number of days to try and induce a failure. If the program passes 
this test it is transferred to an EPROM which is then installed on the CPU board. The long 
term tests are again run and when these are passed the CPU board is ready to install in an 
ASU. The first SID BUS controlled ASU was installed in the Spring of 1987. There is a 
TRIUMF Safety Group document available with further details on both the hardware and 
software for this system. 

The major advantages of the microprocessor installations are that any changes to the 
operating modes of an experimental area generally only necessitate modifications to the 
software. Previously, any modifications to the relay logic often required major rewiring. 
There was no simulator available for the relay logic ASUs. This meant that the major 
testing had to be done after the changes were implemented. Both the modification and 
testing involved considerable time. This made for very inflexible systems. With the use of 
microprocessors all the changes and major testing could be done prior to installing the CPU 
board in the ASU. The use of the microprocessor has resulted in more flexible and reliable 
safety interlocks for experimental areas. 
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GUIDE TO DESIGN A MONITORING PROGRAM ACCORDING TO ICRP 35 

Gian-Maria A.A. Sordi 
Institute de Pesquisas Energeticas e Nucleares - IPEN-CNEN/SP 

C.P. 11049, Pinheiros, Sao Paulo, SP, Brazil 

ABSTRACT 

Part I 

The ICRP, in its publication 35, gives the General Principles of Monitoring 
for Radiation Protection of \~orkers. It is a very nice publication, very cone ise 
but difficult for anyone that want to design a monitoring program for his 
specific situation and also to satisfy national regulatories bodies. For this 
reason, the present paper intend to provide a guide to select different types 
of monitoring to be introduced in a particular situation satisfiyng the 
ICRP-35.0ur guide, in this first part was subdivides into the following topics: 
1 - The aim of the monitorine program 
2 - Supplementary benefits of the monitoring 
3 - The different types of workplace monitoring and their selection for a 

specific case 
4 - The different types of individual monitoring and their selection for a 

specific case. 
As in ICRP we consider also the routine, operational and special kinds of 

monitoring. In each paragraph of our paper we mention, in parenthesis, the 
corresponding paragraph of ICRP-35 that it can furnish more details about the 
subject. 

Part II 

If a monitoring program of the workplace for external radiation should be 
introduced in specific work situation, the present paper gives a guide to 
implement a monitoring program according ICRP-35 on a simple manner. Our 
design was subdivided into the following topics: 
1 - Introduction 
2 - Choice of the monitoring points 
3 - Equipment used 
4 - Description of the model used to estimate the result in terms of the ICRP 

recommendations 
5 - Interpretation of the result 
6 - Quality assurance 
7 - Reassessment of monitoring program 
8 - Record keeping of the abnormal situations 

In each paragraph of our paper we mention, in parenthesis, the 
corresponding paragraph of ICRP-35 that it can furnish more details about the 
subject. 
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REPORT OF THE INTERNATIONAL RADIATION PROTECTION ASSOCIATION 
LONG-RANGE PLANNING COMMITTEE 

Charles B. Meinhold 
Safety and Environmental Protection Division 

Brookhaven National Laboratory 
Upton, New York 11973 

An ad hoc long-range planning committee was formed by the 
"new" Executive Council meeting during the VIth International 
Congress of the International Radiation Protection Association 
in Berlin. Professor Nishiwaki, Dr. T. Schlesinger, and 
Charles Meinhold (Chairman) were appointed to the Committee at 
that time. They were instructed to review and evaluate 
current programs and activities of the IRPA and to consider 
additional programs and activities which should be given 
careful consideration by the Executive Council. At the 
Executive Council Meeting at Ispra in 1985, Dr. John Johnson, 
who had chaired the Associated Societies Panel Committee, was 
appointed to the Committee. 

A letter containing a list of potential topics was pre
pared for distribution to the Associated Societies with the 
intention of stimulating their thoughts and ideas and request
ing comments and suggestions. This letter was printed in the 
IRPA Newsletter (Vol. 7, No. 1) and was sent to all Associated 
Society Presidents in 1986. During the Salzburg meeting in 
December 1986, the Committee reviewed the responses from the 
Associated Societies and although it noted that the response 
from the Associated Societies was disappointing in number, 
there was a general consensus of many of the points raised in 
the letter. 

During discussions at the Tokyo meeting of the Executive 
Council, it was decided that the final committee report con
tain a review of the responses together with a recommendation 
for further actions by the Executive Council on each of the 
topics presented in the original letter. The Associated 
Societies which provided comments and suggestions are: 

1. Australian Radiation Protection Society 
2. Association Belge de Radioprotection 
3. British Radiation Protection Association 
4. Canadian Radiation Protection Association 
5. Fachverband f~r Strahlenschutz 
6. Societe Francaise de Radioprotection 
7. Health Physics Society 
8. Associazone Italiano de Protezione Contra 

le Radiazioni 
9. Radiation Research & Protection Society of Ireland 

10. Japan Health Physics Society 
11. Nordic Society for Radiation Protection 
12. South African Association of Physicists in Medicine 

and Biology. 
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In this presentation, each of the main topics from the 
original letter to the Associated Society Presidents will be 
presented, followed by a review of the Associated Society 
responses, and summarized by a recommendation to the Executive 
Council for further action. 

MEETING FREQUENCIES 

The IRPA Congress meets every three to four years - this 
seems adequate for the scientific exchange but may be inade
quate for the exchange between the Associated Societies. 

Regional congresses might be made a more formal part of 
the IRPA program, i.e., the Executive Council might be 
required to meet at such congresses and the presidents or 
other representatives of the Associated Societies might be 
invited to report on their activities and to discuss the IRPA 
needs as part of a formal Associated Societies forum chaired 
by the IRPA President. Each Associated Society would be asked 
to designate a representative and a well-defined agenda of up 
to four topics would be circulated prior to the meeting with a 
specific society asked to provide the leadership for each 
topic. 

Associated Society Comments 

The present frequency of IRPA congresses is fully 
accepted. There is general acceptance of increasing the role 
of the IRPA Executive Council in regional congresses in order 
to promote interaction between IRPA and the Associated 
Societies and between the Associated Societies themselves. 

Many of the Associated Societies mentioned that financial 
consideration might inhibit their attendance at regional 
congresses. 

Recommendations 

1. The Regional Congress Committee be requested to 
explore the development of Associated Society forums 
as a requirement for the Regional Congress program. 

2. The Executive Council should hold its meetings during 
the Regional Congresses. 

INIRC 

As the International Non-Ionizing Radiation Committee 
(INIRC) becomes the internationally recognized body for making 
recommendations on non-ionizing radiation, its relationship to 
IRPA should be more permanent, more rigorous, and more 
distant. Perhaps we should look at the relationship between 
ICRP and the International Society of Radiology as a model, 
i.e., the Committee would report to the IRPA Congress but in 
essence run its own affairs. There is a suggestion that 
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perhaps such independence should take place when INIRC has 
more clearly become the internationally recognized authiority 
in this area. 

Associated Society Comments 

There was general agreement that eventually INIRC should 
be similar to the ICRP in its relationship with IRPA although 
the societies want to ensure the availability of feedback on 
recommendations. 

Recommendations 

The Executive Council should establish an ad hoc commit
tee to develop a new relationship with INIRC based to some 
extent on that between ICRP and the International Society for 
Radiology. The target date should be no sooner than the time 
of the VIII International Congress of IRPA in 1992. 

CERTIFICATION 

This is one of our more important topics, particularly if 
there is a desire that we be perceived as a professional 
rather than a scientific organization. There is a feeling 
that certification ought to be the function of the individual 
societies since, if it is not, it must, almost of necessity, 
be driven to the lowest common denominator. For example, let 
us assume that Society A wants to identify the top 1% of its 
radiation protection personnel since they will become inspec
torate cadre, whereas Society B wants to identify the top 50% 
of its radiation protection personnel since they want all 
their supervising health physicists to meet an existing stan
dard. Although Society A has legal meaning to its certifica
tion program, Society B does it only for professional edifica
tion. Under these two extremes, a common certification 
program would be almost impossible. It would seem, however, 
that the IRPA ought to be involved in helping the Associated 
Societies develop their own certification program through 
workshops, training sessions, and via information exchange. 

Perhaps the IRPA should also assist in the development of 
minimum requirements for professional health physicists. In 
addition to stimulating individual professional development, 
the Associated Societies or competent authorities could use 
this material as a basis for their certification. 

Associated Society Comments 

General agreement that IRPA should only coordinate work
shops and the development of data bases although some sug
gested that the IRPA meet "minimum" standards. Some societies 
stressed the importance of IRPA being primarily a "scientific" 
organization. 
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Recommendation 

The International Congress Program Committee should be 
tasKed with programming workshops on certification methods and 
requirements. Alternatively, an interested Associated Society 
could be asked to assemble pertinent information on legal 
qualifications, examinations, etc. for distribution to the 
Associated Societies. 

COMMUNICATIONS 

In the IRPA Constitution we find, "Its primary purpose is 
to provide a medium whereby those engaged in radiation protec
tion activities in all countries may communicate more readily 
with each other and through this process advance radiation 
protection in many parts of the world." Clearly the Congress 
provides much of its required communication. The suggestion 
of an Associated Societies Forum given above would improve 
communications both between the Associated Societies but also 
between the Executive Council and the Associated Societies. 

Perhaps another important "communication" service the 
IRPA could perform is to be the distributor and collator of 
the comments received on documents such as ICRP and ICRU draft 
reports. Much of the ICRP's inability to allow comments on 
their drafts has to do with their inability to handle this 
paperwork. This is a function which the IRPA might 
consider. There has also been a suggestion that the IRPA 
establish a library of regulations in radiation protection for 
access by the IRPA members. If this proves too difficult, 
perhaps the publication of an annual bibliography might be 
sufficient. 

Associated Society Comments 

There is a widespread desire to have IRPA act as a 
clearinghouse for ICRP and other international draft 
reports. There was a general acceptance of the Associated 
Society panel focusing on communication between both the IRPA 
Executive Council and the Associated Societies and between the 
Associated Societies themselves. 

Recommendations 

The President of IRPA should communicate with the Chair
man of the ICRP to develop the liaison suggested here. The 
IRPA Executive Council should, at the time of each inter
national congress, appoint one Associated Society as the focal 
point for synthesizing comments and suggestions on ICRP mat
ters for transmittal to the chairman of ICRP's Committee 4. 
This method of providing IRPA's input to other organizations 
should be considered. 
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SCIENTIFIC AND PROFESSIONAL DEVELOPMENT OF THE MEMBERS 

Perhaps we should consider formalized tutorial sessions 
at both the IRPA Congress and at the regional meetings. These 
might take the form of early morning or late evening sessions 
or even weekend or full-week programs before or after such 
meetings. Conversely, perhaps this is best left to the 
Associated Societies - language difficulties alone might make 
this option more effective. 

Associated Society Comments 

Wide range of Associated Societies reactions from formal 
tutorial sessions at the international congress to an ICRP
developed training module to simply provide data bases and 
workshops on technique for use in national meetings. General 
note that we don't want to detract from the general scientific 
exchange. 

Recommendations 

The Executive Council should request that the next Inter
national Congress Program Committee develop a workshop on this 
topic in conjunction with the International Congress meeting 
in 1992. 

PUBLIC INFORMATION 

This is another area with some dangerous pitfalls in 
terms of the differences between countries. As with certifi
cation, the development of workshops and dissemination of 
Associated Socieities materials might be our function here. 

Associated Society Comments 

General acceptance of workshops and data bases by IRPA. 
Implementation should be left to the Associated Societies. 

Recommendations 

The Executive Council should request the next Interna
tional Congress Program Committee to develop a workshop on 
this topic in conjunction with the International Congress 
meeting in 1992. 

FULL-TIME SECRETARIAT 

Much of the above could not be accomplished without 
present administrative structure. This may well be the topic 
that we should begin with, since much of the additional com
munication discussed above could only be possible with a 
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full-time paid secretariat. This, however, would be very hard 
on the Associated Societies who can't afford this luxury. 

Associated Society Comments 

Nearly all agree it is desirable but too expensive. Some 
suggested that the Executive Council be selected from among 
the full-time secretaries in the Associated Societies. 

Recommendations 

The IRPA Executive Council should form an ad hoc commit
tee to review this matter in detail. 

FINANCES AND FINANCIAL HARDSHIPS 

Perhaps some specifically identified IRPA programs should be 
supported by grants from either the Associated Societies or by 
outside organizations. Perhaps we need to develop special 
arrangements for dues, meeting registration, journal subscrip
tions, etc., for members from societies with severely limited 
financial resources. Perhaps the more affluent societies 
could assist the less affluent societies by grants in aid. 

Associated Society Comments 

Many Associated Societies felt the more affluent 
societies could assist the less affluent societies although 
there was no support for an alternate dues schedule. The 
Fachverband made a suggestion for IRPA 7 which demonstrates in 
an excellent manner what can be done. 

Recommendations 

The IRPA Treasurer should communicate with the less 
affluent societies to determine ways that affluent societies 
could help. He should then communicate these needs to the 
more affluent societies. 

IRPA RESPONSE TO SCIENTIFIC ISSUES 

An additional topic has been suggested by the Societe 
Francaise de Radioprotection. They suggest that IRPA could 
play an important role in providing an international consensus 
on specific scientific issues. This suggestion has been 
favorably received by several other Associated Societies. 

Recommendations 

The Executive Council should form an ad hoc committee to 
develop guidance and procedures for dealing with IRPA's 
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response to important scientific issues including addressing 
concerns to the international organizations where appropriate. 

FURTHER SCIENTIFIC ACTIVITIES 

At the Tokyo meeting of the Executive Council, President 
Carter suggested that we might select scientific areas in 
addition to non-ionizing radiation for IRPA activities. 

Recommendation 

The Executive Council should include this topic in the 
charge to the ad hoc committee recommended in response to the 
suggestion of the Societe Francaise de Radioprotection given 
above. 

In summary then, it should be apparent that the work of 
the ad hoc committee on Long-Range Planning is complete, the 
IRPA effort is only beginning. The Committee was encouraged 
by the thoughtful and helpful suggestions made by the 
Associated Societies during this process. More important, 
however, is the concept that the Associated Societies become 
aware of their responsibilities to actively participate in 
developing the course of IRPA's role. 
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INVESTIGATION OF AERIAL DISPERSION OF RADIOACTIVE 
DUST FROM AN OPEN-PIT URANIUM MINE 

H.B.L. Pettersson *and J. Koperski** 
*) Dept. of Radiation Physics, University of Lund, Lund, Sweden. 

**) Ranger Uranium Mines P/L, Jabiru, NT, Australia 

ABSTRACT 

Detailed investigation of aerial dispersion of radioactive dust 
from the biggest uranium mining and milling operations in Australia has 
been carried out. Spatial distributions of the long-lived uranium series 
radionuclides and their origin (mining and milling operations versus 
natural radiation background) have been studied. 

Air concentration, horizontal flux and dry and wet deposition of 
the radionuclides were investigated along 45 km transect, in the 
direction of the prevailing monsoonal winds in the region. 

INTRODUCTION 

Ranger Uranium Mines operates an open-pit mine and treatment plant 
at a remote, subequatorial part of the Northern Territory. 
Characteristic for the region are two distinct seasons, dry and wet, 
with steady monsoonal winds. Ranger deposits are located c. 200 km east 
of Darwin, in the lowlands of the Alligator Rivers region. 

About 6 mln tonnes of rock is mined annually from the only 
operating orebody no.l, resulting in an annual output of c. 3000 tonnes 
of uranium oxide (U30a). 

About 1500 people live permanently near Ranger, among them c. 1200 
in Jabiru township, distant 8 km WNW of Ranger, and c. 300 in Jabiru 
East, 3 km NW of Ranger (Fig. 1). 
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Fig. 1 

The principal aim of the study was to investigate the spatial 
distribution of the longlived radionuclides of the 238u series and their 
origin i.e. mining operations versus natural radiation background, along 
the path of the monsoonal winds in the region. Incidentally, the Ranger 
site and the townships are located along that path, with the prevailing 
dry season (April-October) winds blowing towards the townships. 

The investigations were conducted from mid 1984 till the beginning 
of 1987. They included passive and active dry deposition collection, and 
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were complemented by wet dust collection during the wet seasons of 
1984/1985 and 1986/1987. The wind frequence for E+SE winds are on 
average 75 %, 20% and 50% in dry season, wet season and all seasons 
respectively. 

MATERIALS AND METHODS 

Passive "sticky vinyl" dust collectors were used as principal dust 
monitoring devices during the dry seasons. The collectors were made of a 
clear self-adhesive vinyl ("Contact" brand, Nylex Corp. Ltd, Victoria). 
Each collector consisted of a sheet of the vinyl streched on a plywood 
frame, with areas between 0.35 to 1 m2. Horizontal frames were at 1 m 
height and the vertical frames were 1.5 m above the ground at their 
centre. The moni taring sites extended along up to 45 km long transect 
from the Ranger site, parallel to the path of the prevailing winds in 
the region (Fig. 1). The collectors were changed about once per month. 

Periodically, in some of the above sites, simultaneous active dust 
sampling was conducted by means of high volume air filter sampling. In 
most sites, wet deposition of radionuclides in rainfalls was also 
carried out by means of 30 liter sealed plastic containers equipped with 
0.20 m diameter collecting funnels. 

RESULTS AND DISCUSSION 

The investigation on horizontal transport of radionuclides in dust 
from the pit, was carried out during part of the dry seasons 1984-1986. 
Figure 2 displays the average load on vertically oriented "sticky 
vinyls", all facing the pit along a transect from approximate SE to NW 
direction. The observed decrease of activity load, J, with distance from 
the pit, x, in NW direction, is represented by expressions of the form; 

where J is expressed in Bq·m-2. d-1 and x in km, and k and a are 
constants for each radionuclide. The line of best fit using this 
expression is shown for each radionuclide in Figure 2, and the values 
for k and a are given in Table 1. The data for x:45 km are considered to 
represent natural background levels and were therefore omitted in the 
fitting exercise. 

TABLE 1. 

Vinyl orientation Radio nuclide a k r 
(Bq~-1) 

Vertical 238,2340 -3.18 0.234 0.97 
II 232Th -1.51 0.0015 0.85 
II 230Th -3.10 0.236 0.96 
II 226Ra -2.92 0.367 0.99 
II 210pb -2.40 0.243 0.97 
II 210p0 -2.44 0.079 0.87 
II Average, exce~t 232Th -3.0 0.25 0.94 

Horizontal 238,2 4u -2.67 1.93 0.98 

a and k are constants described in the text, r is the correlation 
coefficient. 
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The data for the uranium series radionuclides, except 210pb and 
210po, are well described by an inverse cubic dependence of activity 
load versus distance. The less rapid decrease of load for 210pb and 
210po reflects a faster approach to the relatively higher natural 
background for these nuclides. For 210po is the load as well generally 
much lower, which is unexpected. We believe the reason might be 
evaporation of 210po from the vinyls. For 232Th, where we have found 
that activity concentrations in soil are of the same order of magnitude 
in the pit as in the surroundings, is the activity load expectedly much 
lower and a faster approach to natural background levels is found. 

Along with vertically oriented vinyls were horizontally oriented 
vinyls exposed at 5 joint sampling locations for the same time periods. 
The latter vinyls will act as dry deposition/ fall-out collectors, but 
will not distinguish between different source directions. Figure 3 shows 
the observed dry deposition activity concentrations for 238u as a 
function of distance from the pit in the NW direction. A fit of the 
data, using the same expression as for vertical vinyls, gives a somewhat 
slower decrease rate (Table 1), which is expected because of 
contributions to dry deposition from sources with directions other than 
the pit area, i.e. natural background sources. 

By gravimetric measurements on the mass load per unit area of 
horizontal vinyls, were the specific activities on the vinyls determined 
(Table 2). It is interesting to note the closeness between surface soil 
activity concentration in the pit, which corresponds to about 0.18 % 
uranium, and the dry deposition concentration close to the pit, although 
the former is only a grab sample and does not represent an average 
concentration in the pit surface soil. In the surroundings, more than a 
few km's away from the pit, will the dry deposition concentrations 
clearly exceed the surface soil concentrations, giving a activity 
contribution of uranium series radionuclides to the top soil, surfaces 
like plants and water of the order of 5-100 Bq·m-2. y-1. 

The wet deposition of radionuclides was studied during the wet 
seasons by means of rain collectors, at sampling locations identical to 
the dry season study. The radionuclide load per unit area in rainfall 
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was determined and Figure 3 shows the results for 238u wet deposition 
rate during "mid-wet" season and "late-wet" season. The radionuclide 
load is overestimated because dry deposition was not prevented. The 
results for the "late-wet" period indicates an almost distance 
independence on load in the NW direction. This contrasts sharply with 
dry deposition data (Fig. 3), but if we assume a wash-out of the total 
air column and that transverse dispersion at distances comparable with 
the source diameter is not significant, and that the plume height is 
less than the cloud height, one could expect an almost constant 
radionuclide load with distance from the source. 

TABLE 2. 

Specific activities (Bq·kg-1) of radionuclides in dust from dry 
deposition and surface soil. 

Distance from Horizontal vin~l Surface soil 
pit centre ( km) 238,234u 232Th 30Th 238,234u 232Th 230Th 

0 23000 115 23250 
0.55 20250 130 22800 2120 235 3090 
1.325 7605 45 7920 425 
2.95 115 75 150 
3.9 220 18 260 65 65 80 
5.2 240 25 
45 20 

During the "mid-wet" period is the wind no longer pronounced in ,the 
E-SE direction. This would reduce the activity load in the NW direction. 
The results (Fig. 3) confirms that and also shows that for locations 
like Jabiru-East and Jabiru is the dry and wet deposition of 
radionuclides of the same strength. 

Figure 4 shows the average 230Th/ 
232Th activity ratios obtained for 
vertical and horizontal vinyls and 
surface soil. The ratios drop fast for 
the surface soil when leaving the pit 
area compared to the wet and dry load. 
This makes clear that the pit area is 
acting as a source of radioactive dust 
along the transect. If we use a 232Th/ 
232Th activity ratio of 200 for the pit 
and between 1 and 2 for the surroundings 
we find that for Jabiru-East and Jabiru 
will the aerial dispersion from the pit 
area give a 4-9 times increase in dry 
and wet activity load , compared to 
natural background levels. 

Fig.4 230 Th/232Th 

activity ratios 

500 ,------.----r-7---,----,---,------,-,--------,-// 
<lo vertical 

o horizontal dry 

Distance from PI! centre 

By comparing the load of radionuclides on vertical vinyls exposed 
simultaneously in 4 major wind directions at 4 sites along the transect 
with radionuclide concentrations in the air by air filter sampling, the 
load on vertical vinyls was transformed to "generated" air 
concentrations. For the locations Jabiru-East and Jabiru the obtained 
air concentrations would give rise to a committed effective dose 
equivalent of the order of 0.05-0.20 msv for one year exposure. 
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RADIOACTIVE CONTAMINATION OF STEEL 

Joel 0. Lubenau and Donald A. Nussbaumer* 
United States Nuclear Regulatory Commission 

Office of Government & Public Affairs 
Washington, DC 20555, U.S.A. 

In 1986, we reported seven instances of accidental radioac
tive contamination of steel manufactured or imported into the 
United States as a result of smelting of sealed sources (Lu 86). 
Since then, two additional cases of accidental smelting of radio
active sources have been reported, both occurring in 1987. One 
is similar to earlier events in that 740 to 930 MBq of 137 Cs, 
probably from one or more gauges, was accidentally melted in a 
steel mill. The event was discovered when a truckload of flue 
dust from the mill caused a radiation monitor at the mill's 
weigh station to alarm when the truck passed. Contamination was 
confined to flue dust. The second event was unique in two re
spects, the radioisotope and the smelted metal. In this case, a 
radium source which came perhaps from a gauge or from a nuclear 
medicine program was mixed with aluminum metal scrap. Dross 
(slag) from the smelter was then transferred to a salvage yard 
where radiation monitoring of the incoming dross resulted in 
detection of the radioactivity. The contamination was confined 
to the dross. In both cases the contaminated smelting by
products - flue dust and dross - were collected for appropriate 
disposal. No cost estimates for these incidents are presently 
available. 

In 1986, the U.S. Nuclear Regulatory Commission published a 
hazardous scrap warning poster and distributed it to U.S. fer
rous metal scrap dealers and mills (NRC 86). The poster is 
intended for display at scrapyards and mills to inform workers 
of the possibility of radioactive material in scrap, how to 
identify warning labels, and who to contact for help. Following 
the aluminum contamination incident, additional distribution was 
made in 1987 to the non-ferrous metal industry. The U.S. Occu
pational Safety and Health Administration and the National 
Association of Recycling Industries assisted us by providing 
mailing lists. 

In 1987, with the help of Professor John F. Elliott of the 
Massachusetts Institute of Technology, we made available a table 
showing the likely primary pathways of radioisotopes in steel
making furnaces (NU 87). The isotopes selected are those fre
quently used as sources in industry or medicine (Table 1). 

The well publicized incidents of steel plants becoming 
contaminated by melted sealed radioactive sources have provided 

*This article was prepared by employees of the U.S. Nuclear 
Regulatory Commission (NRC). The NRC has neither approved 
nor disapproved its technical content. 
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Table 1 

Likely Primary Pathways of Selected Elements 
in Steelmaking Furnaces* 

Element 

Co 
Cs 
Ra 
Am 
Ir 
Pb 
Po 
Sr 
Pu 
u 
y 
Th 

Likely Pathway** 

Steel 
Vaporizes*** 
Slag 
Slag 
St.eel 
Vaporizes*** 
Vaporizes*** 
Slag 
Slag 
Slag 
Slag 
Slag 

*Typical temperatures of steel making furnaces: 
Basic Open Hearth, 2750 to 2950°F (1482 to 
1610°C); Basic Oxygen (0 2 lance), 2750 to 3020°F 
(1482 to 1660°C); Electric Arc, 2750 to 3050°F 
( 1482 to 1677°C ). 

**No consideration given to chemical form. In 
cases where slag or vaporization is the primary 
pathway, there may be low residual levels of 
the element in the metal bath. Persons using 
this table should consider it as guidance only 
and not as a definitive predictive statement of 
the ultimate disposition of radioisotopes in a 
specific case. Confirmatory measurements are 
recommended in all cases. 

***Liable to be collected in pollution control 
equipment. 

a powerful incentive to the steel industry to monitor incoming 
scrap for radioactivity. Installation of radiation monitors 
(usually costing a few thousand dollars) appears to be a wise 
investment even given some uncertainty of the detectors always 
finding such sources. 

Scrap steel arrives in steel mills or scrap yards in 
trucks, railroad cars, or barges and since these routes of entry 
are controlled, the detectors are usually mounted at entry gates 
or at weigh scales. Typically, 5 x 5 em Nai (Tl) detectors are 
mounted above or at the sides of the vehicles. Alarm points are 
frequently set at about 2X-3X background, which is high enough 
to avoid 11 false alarms 11 caused by fluctuations in background 
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counting rates. Total reliance should not be placed on such 
systems to detect radioactive sources in scrap. Studies have 
shown that a large source in a well-shielded container in the 
center of a railroad gondola car or truck filled with scrap can 
go by undetected by such systems (La 86). These detection sys
tems are, however, reliable, provide a degree of protection for 
scrap handlers that was not available before and have proven 
effective in identifying radioactive sources in scrap metal. 
Thus, the authors believe that use of the poster combined with a 
radiation detection system helps prevent unknowingly receiving 
sources in scrap shipments. 

We do not have figures on the numbers of steel plants and 
scrap yards in the U.S. that have installed monitors but we can 
guess the numbers are increasing because of the increasing num
bers of reports of another source of radioactive contamination 
of scrap-naturally occurring radioactive materials - NORM. 

In the U.S., steel scrap contaminated with NORM comes from 
places as far apart as Alaska and Florida and has originated 
from oil and phosphate industries, from a kaolin clay plant, and 
from water softening equipment. In most cases the NORM was 
detected by stationary monitors and contact gamma radiation 
levels (for cases where we have data) ranged from 0.5 ~Sv/hr to 
0.1 mSvjhr at contact. 

An unusual case involved a cattle guard fabricated directly 
from recycled steel oil drilling pipe. Maximum radiation levels 
were 15 ~Sv/hr contact. 

We are aware of only one case where such scrap, once found, 
was sent to a commercial low-level waste disposal site. In the 
other cases, the contaminated scrap was either off-loaded and 
stored on-site at the steel plant or yard or returned to the 
plant that generated the scrap. Obviously, these are neither 
permanent nor satisfactory solutions. 

In the U.S. disposition of the scrap is made difficult by 
the absence of regulatory standards for handling NORM. Except 
for radium in uranium and thorium mill tailings, NORM is not 
covered by the U.S. Atomic Energy Act. 

Whether the radioactivity in scrap metal is from sealed 
sources or from NORM the burden of this problem is presently 
being carried by the scrap dealers and mills. Radiation moni
tors cost several thousands of dollars and up. Trip and demur
rage charges for rail cars transporting scrap can also run into 
the thousands of dollars. Special handling or hauling of iden
tified radioactive scrap carries labor costs. Shouldn't the 
responsibility for preventing, controlling and monitoring for 
radioactivity in metal scrap be at the generator's end? 

We have no conclusions per se. This report is an interim 
one on a problem that is in search of a solution. To reach a 
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solution will require the cooperation of source generators, the 
metal industries, trade associations, governmental and voluntary 
standard setting agencies and the radiation protection community. 

La 86 

Lu 86 

Nu 87 

NRC 86 

References 

LaMastra, A. "Practical Considerations in Detecting 
Radioactive Material in Steel Scrap." Presented at 
the 31st Annual Meeting of the Health Physics Society, 
Pittsburgh, PA, June 29-July 3, 1986. (Copies avail
able from Health Physics Associates, RD#1, P.O. Box 
796, Lenhartsville, PA 19534, U.S.A.). 

Lubenau, J. 0. and Nussbaumer, D. A., "Radioactive 
Contamination of Manufactured Products," Health 
Physics 51, 409-425 (October 1986). 

Nussbaumer, D. A., "Likely Primary Pathways of Radio
nuclides in Steelworking Furnaces," letter to "All 
Agreement and non-Agreement States dated 11 September 
1987. Available for inspection and copying for a fee, 
Public Document Room, U.S. Nuclear Regulatory Commis
sion, Washington, DC 20555, U.S.A.). 

US Nuclear Regulatory Commission, 1986, "Hazardous 
Scrap- Beware!", USNRC publication NUREG/BR-0108, 
August, 1986 (Washington, DC: us Government Printing 
Office). 

1342 



TRANSURANIC WASTE TRANSPORTATION ISSUES IN THE UNITED STATES 

James K. Channell, John c. Rodgers, Robert H. Neill 
New Mexico Environmental Evaluation Group 

The United States Department of Energy (DOE) expects to 
begin disposal of defense transuranic wastes at the Waste 
Isolation Pilot Plant (WIPP) in Southeastern New Mexico before 
the end of 1988. Approximately 25,000 truck shipments involving 
35 million veh~cle-kilometers will be required to transport 
about 17 5, 000 m of contact-handled transuranic waste. Up to 
5, 000 shipments of remote-handled transuranic waste (RH-TRU) 
will also be shipped to WIPP in shielded casks. This paper 
addresses only the shipment of CH-TRU wastes. The locations of 
waste generating sites and the WIPP sit~ are shown in Figure 1. 

The DOE designed a shipping container called TRUPACT-I for 
the purpose of shipping CH-TRU waste. TRUPACT-I was rectangular 
in shape with overall dimensions of 7.6 m long, 23 4m wide, and 
2. 7m high. It was designed to carry 3 6 0. 208m drums or a 
similar volume of boxes with a payload of 8300 kg. The design 
included two features that would have prevented certification by 
the u.s. Nuclear Regulatory Commission (NRC) unless a variance 
were allowed: (1) the package had only single containment; and 
(2) the waste cavity was continuously vented through high 
efficiency particulate (HEPA) filters. Although the DOE is not 
required to obtain NRC certification, their own certification 
process is intended to be equivalent to the NRC process. 

0 ~ ....... ,.., 
X Storaaa Site 

• RIO llllloui fiiCIIIIr 

- Shl .... IIU 

Fig. 1 Points of Origin of TRU wastes. 
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The NRC regulation on double containment requires that any 
shipments of plutonium containing over 20 curies must be shipped 
as a solid and must be placed in a separate inner container that 
restricts the loss of plutonium to the interior of the outer 
container to less than A2 (2 mCi) in one week when subjected to 
Hypothetical Accident Conditions. Certain forms of plutonium 
(such as reactor fuel elements and metals) are exempt from this 
regulation. Other forms of plutonium may be exempt from the 
double containment requirement if it can be shown they are 
"sufficiently non-respirable". The waste being shipped to WIPP 
contains a variety of contaminated material forms: sludges, 
metal and glassware, combustible material, soil, and filters. 
Some of these waste forms could probably be shown to be 
"sufficiently non-respirable" but others would not be. The DOE 
considered, but rejected, a recommendation by an American 
National Standards Institute review committee to qualify 
specific non-waste forms for this exemption. 

NRC regulations specifically prohibit continuous venting of 
packages during transport and that policy does not permit 
intermittent venting, even though IAEA regulations do allow this 
for type B(M) packages. DOE modified the original design of the 
TRUPACT in 1981 to include venting because of a concern that 
cyclical pressure changes in the storage cavity due to 
temperature and altitude could ultimately result in fatigue 
failure. 

At the time the venting decision was made, the hydrogen gas 
generating properties of some of the CH-TRU wastes were 
recognized but poorly understood and there were no plans to 
control hydrogen concentration by recombiners or getters in 
either the individual waste containers or the TRUPACT cavity. 
It has been estimated that some shipments of waste could 
generate flammable or explosive concentrations of hydrogen gas 
within a few weeks in a sealed TRUPACT. 

CONCERNS ABOUT TRUPACT-I DESIGN 

The DOE position was that because of the relatively low 
hazard of CH-TRU wastes and because of a desire to maximize 
payload and minimize the number of shipments to WIPP (and 
thereby decrease the number of non-radiological injuries and 
fatalities from transportation accidents) the design met the 
intent of the regulations and optimized health and safety. 

The New Mexico Environmental Evaluation Group (EEG), which 
has the responsibility of providing a scientific evaluation of 
the WIPP Project for the state of New Mexico, objected to the 
design. Reasons for the EEG objection were: (1) a design that 
fully met the NRC regulations would be less likely to release 
radioactive material in the event of a severe accident; (2) 
the inhalation toxicity of CH-TRU wastes shipments was not 
trivial; and (3) venting was not the preferred or best 
mechanism for controlling the hydrogen gas generation problems. 
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The TRUPACT-I design met all aspects of the full-scale 
Hypothetical Accident Conditions on the first attempt except 
that the filters and the door seal eventually failed following 
the thermal test. A redesigned door passed a subsequent th~~al 
test. However, the drums inside the TRUPACT lost 1.26 X 10 of 
their total content to the TRUPACT storage cavity during the 
hypothetical accident tests (4700 A2 for the maximum proposed 
load). U. s. truck accident statistics lead to a projection of 
as many as 12 accidents more severe than the Hypothetical 
Accident Conditions and an EEG prediction of 2 to 12 accidents 
where radioactive releases would occur. EEG concluded that a 
double contained design where the release to the outer cavity 
following Hypothetical accident conditions would be less than 1 
A2 would be much less likely to ever have a release accident. 

The primary source of radiation exposure to the public in a 
severe accident is expected to be via the inhalation pathway and 
the inhalation toxicity of TRU waste that may be transported in 
a TRUPACT ( >8800 alpha curies) could be up to 3.7 times that 
present in a spent fuel assembly (10-year decay time). Since 
the actinides in spent fuel assemblies are in a less mobile form 
than are most CH-TRU wastes it was concluded that the hazards 
from truck shipments of CH-TRU wastes were equal to or greater 
than truck shipments of spent fuel and needed to be treated with 
the same level of care. 

EEG has been concerned about the gas generation problem in 
the TRUPACT since 1983 and has urged DOE to study gas generation 
and diffusion rates from various waste forms and develop 
programs for controlling the problem. The EEG analysis has 
concluded that venting of drums and the TRUPACT is not the most 
reliable way of controlling hydrogen concentrations and has the 
disadvantage of provided a weak point in the design that could 
fail in the event of a severe accident. It is believed that 
more effective hydrogen control would be provided by the use of 
either hydrogen recombiners or the use of propargyl ethers as 
hydrogen getters in drums andjor the TRUPACT. 

RESOLUTION OF THE PROBLEM 

The DOE finally agreed in May 1986 to design a doubly 
contained and non vented TRUPACT-II. The original TRUPACT-II 
design was also rectangular in shape and was expected to have a 
payload of about 5500 kg. However, DOE also made a decision to 
require NRC certification of the TRUPACT in June 1987 and 
subsequent evaluations raised several questions about whether 
the rectangular design could be certified by NRC without lengthy 
delays. The concerns were over the use of a rectangular shaped 
pressure vessel and some materials used in the design. 

Following the decision to abandon a rectangular TRUPACT-II 
design, the DOE requested private manufacturers to propose a 
design that met specified criteria without requiring a certain 
shape. All proposals received used a right circular cylinder 
design and other details which are similar to those that have 
been certified by NRC for the other waste forms. The design 
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accepted would include 3 separate cylinderical TRUPACT-II units 
on a truck trailer. This design would actually carry more drums 
(42), have a larger payload (9500 kg) and be more economical in 
costs than the TRUPACT-I. The design must still be proven by 
analysis, full scale testing, and NRC certification. 

CONCLUSIONS AND DISCUSSION 

The current design of TRUPACT-II, if it can be certified by 
NRC, will be in all respects (number of drums carried, payload, 
and cost) superior to TRUPACT-I while fully meeting the safety 
related requirements for double containment and non venting. 
This suggests that the current NRC regulations are reasonable 
because they can be met by an appropriate design. 

This saga of TRUPACT-I does raise two broader philosophical 
questions concerning transportation: (1) Are some present 
package regulations unnecessarily restrictive in that they 
require additional conservative assumptions that may increase 
transportation costs while increasing radiological safety only 
marginally? (2) Is it appropriate to use a criteria that 
optimizes both radiological and non-radiological health and 
safety benefits in developing transportation regulations? 

In response to the first questions, the authors believe 
that most packaging regulations have adequate to excessive 
degrees of conservatism. However, it is extremely difficult to 
quantify the behavior of packages under severe accident 
conditions. Also, since releases have very negative public 
relations aspects, it is beneficial to the nuclear industry to 
attempt to eliminate any radioactive material releases from 
transportation accidents. Our bias would be toward an ALARA 
design. It was argued that TRUPACT-I was ALARA and that the 
regulations were not reasonably achievable. However, the 
promise of the TRUPACT-II design suggests the real problem with 
TRUPACT-I was the conceptual design, not the regulations. 

The argument of maximizing payload in order to minimize 
non-radiological injuries and deaths was made by DOE in defense 
of the TRUPACT-I design. This argument of "trading off" 
radiological and non-radiological benefits has a theoretical 
appeal but has never been explicitly used as a basis for 
radiation protection standards and regulations. Furthermore, 
the concept if carried to its logical conclusion would 
drastically effect everything we do in the radiation protection 
area because radiological safety practices are already higher 
than those of most other non-radiation industries. The WIPP 
Project itself is estimated to lead to more deaths during 
construction, operation, and transportation than would be 
expected to occur from radiation problems if a do-nothing 
alternative had been chosen. 
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RADIOLOGICAL ASSESSMENT OF MINERAL SANDMINING IN AUSTRALIA 

G.C. Mason. S.B. Solomon, M.B. Cooper, M.A. Wilks 
Australian Radiation Laboratory 

Lower Plenty Road Yallambie Melbourne 
Victoria Australia 3085 

INTRODUCTION 

Australia is a major producer and exporter of minerals 
derived from sandmining operations. The most significant 
minerals are ilmenite, rutile, zircon and monazite. All of 
these contain small quantities of thorium-series and 
uranium-series radionuclides, with monazite, being the most 
active by far. containing 6-7% thorium-232. 

The minerals occur naturally as small grains in beach 
sand. Mine sites on the west coast lie on pre-historic beach 
sands. several kilometres from the present coastline, and 
mining is typically by mobile earthmoving equipment such as 
scraper or bucketwheel. on the East coast, mine sites are near 
the coastline or on offshore islands and some of the mining is 
by underwater dredge. A primary concentration process at the 
mine site removes the debris by screening and much of the 
silica sand by wet gravity separation. There is little of 
radiological significance to this point in the process, as the 
concentration of radionuclides in the ore as mined is very low. 

The primary concentrate, which typically may contain about 
l% monazite, is transported to a secondary, or dry, separation 
plant, which is often remote from the mine site. It is during 
the secondary separation process that radiation exposures can 
become significant, principally from inhalation of radioactive 
dust and irradiation by gamma rays. 

MINERAL SEPARATION 

Separation of the primary concentrate into the various 
mineral products exploits differences in their densities and 
electrical and magnetic properties (Fig. 1). Differences in 
electrical conductivity permit some minerals to be separated in 
high, non-uniform electric fields; differences in magnetic 
susceptibility allow others to be separated in high magnetic 
fields. Differences in density allow both wet and dry gravity 
separation. All of these processes, apart from wet 
sedimentation, require a very dry process material for 
efficient separation. The feed to the separation equipment is 
in a spatially dilute form to allow each grain to feel the 
effect of the applied electric or magnetic field, or for 
efficient separation using gravity. As the efficiency of any 
one stage is rather poor. many stages may be required, and 
incompletely separated streams are recirculated for repeated 
passes, to reach an acceptable purity of mineral product. 
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A consequence of the machine handling of hundreds of tonnes 
per day of mineral ores in the manner described above is that 
copious dusts are raised containing radioactive minerals which 
may be inhaled by plant workers. An additional exposure 
pathway arises from external radiation. especially near the 
monazite separation stages and in the monazite product store. 
A very approximate indication is given in Figure 1 of typical 
absorbed dose rates and gross alpha activity concentrations in 
air. Conditions vary from plant to plant. but where all or 
most of the separation processes are housed in the one 
building. activity concentrations can be similar throughout - a 
feature that is facilitated by the open interior design of many 
plants. 

RADIOLOGICAL ASSESSMENT 

The Australian Radiation Laboratory has conducted on-site 
measurements of absorbed dose rates. dust concentrations in 
air, particle size distributions. and radon and thoron and 
daughter concentrations at several of the major sandmining 
operations in Australia. A detailed report is in preparation, 
but some general observations are reported here, based on a 
representative subset of the data. The major pathways for 
occupational exposure have been identified as inhalation of 
dust containing thorium-series and uranium-series 
radionuclides, and external radiation, with only small 
contributions from radon. thoron and their daughter products. 

Radon and thoron and daughters 

Radon daughter concentrations are typically around 1 mWL or 
less at most locations. with thoron daughter concentrations in 
the range 1--10 mWL. Inside a monazite store containing bulk 
(unbagged) monazite the thoron daughter concentration near the 
breathing zone (1.8 m from the ground) was measured at 15 mWL. 
This is nearly two orders of magnitude smaller than the Derived 
Air Concentration (DAC) for thoron daughters of 1200 mWL [1]. 

0. 5- 2 ~Gy /hr t 

0.1- 2adps/m3 

*at some sites a xenotime stream may proceed from here 

tthe figures given are indicative only 

Figure 1. Schematic illustration of a 
secondary separation process. 
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Radon concentrations up to 200 Bq m-3 were measured, with 
thor on concentrations in the latter stages of the secondary 
separation plant reaching 1200 Bq m-3. In the store referred 
to above, thoron concentrations up to 5000 Bq m-3 were 
measured (one fiftieth of the DAC [1]). Ventilation is 
generally good, and equilibrium ratios (F-factors) are 
extremely low. Low thoron and thoron-daughter concentrations 
were not unexpected, as the short half-life of thoron does not 
permit significant diffusion of thoron from the mineral 
matrix. The thoron emanation coefficient has been estimated at 
about 1% or less [2]. 

External radiation 

Absorbed dose rates increase through the separation 
process, being smallest, around 1 ~Gy hr-1, in the initial 
stages (ilmenite section) and rising to around 10 ~Gy hr-1 
or more near monazite extraction equipment and monazite bagging 
or binning operations. In areas where monazite product is 
stored, absorbed dose rates may reach 100 J.IGY hr-1 or more, 
depending on the exposure geometry - several times the pro-rata 
exposure rate permitted for a 2000-hour working year. Clearly, 
occupation of storage areas requires control. Access to 
storage areas is normally limited to storage and retrieval 
operations. 

Employees working in secondary separation plants wear 
personal dosemeters. Most employees receive less than 5 msv 
per year from external radiation, but some may receive up to 
20 msv in a year [3]. While the latter figure is below the 
current occupational limit of so msv in a year, it will be 
necessary to review the working environment of those most 
exposed in the light of the recent trend towards controlling 
time-averaged, long-term exposures to less than 15 msv per year 
[4],[5]. 

Radioactive dusts 

Workplace dusts have been sampled at many locations in 
several dry separation plants. Gross alpha activity 
concentrations in air range from 0.02 to so alpha decays per 
second per cubic metre (adps m-3). The activity 
concentration values form an approximately lognormal 
distribution. The few measurements at the extreme upper end of 
the range almost certainly include material that is not 
normally considered as 'airborne dust' or 'inhalable' dust. A 
quantity of large particle size material is thrown from the 
separation equipment during processing. Although this rapidly 
reaches a vertical terminal velocity, some of it, depending on 
the location of the sampler, can be drawn into the sampler and 
retained on the filter paper. The presence of this large 
particle material confounds both activity concentration 
measurements and particle sizing studies, and consequently 
'area sampling' results should be interpreted with caution. 
Whenever possible, personal sampling should be used to assess 
occupational exposure to workplace dusts. 
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Particle size distributions for airborne dusts have been 
measured using two different cascade impactors. Sizing 
measurements were made with a baffle placed some distance above 
the impactor to prevent large particle material falling 
vertically into the inlet. Consequently, the particle size 
distribution above about 20 pm is not known for samples in 
air. Activity Median Aerodynamic Diameters (AMADs) range from 
2 to 12 pm, and an overall average value of about 6 pm, 
with rather large uncertainty, seems appropriate for the 
purposes of dose estimation. Similar values have been obtained 
independently [6]. 

There appears to be a significant difference in mean alpha 
activity concentrations in air between operations on the West 
coast (-l ~dps m-3) and on the East coast (-0.1 ~dps m-3). The 
largest personal sampler concentration measured in a limited 
survey of workers on site was 3 ~dps m-3, during one shift 
at a West coast dry separation plant. 

Taking an AMAD of 6 pm and the recommendations of the 
International Commission on Radiological Protection concerning 
calculation of DACs [7], the DAC for monazite dust based on an 
annual limit of so msv is about 0. 9 ~dps m-3. Many of the 
concentrations measured exceeded this value, especially at the 
West coast sites. Inhalation of radioactivity in dust during 
mineral sands processing is clearly a very significant exposure 
pathway. Fortunately, occupancy of the high activity sections 
of the plant is low and, for extremely dusty procedures. dust 
masks are worn. However. a routine monitoring program 
including personal dust sampling is strongly recommended in 
secondary separation plants, especially if adherence to a 
15 msv annual average is to be demonstrated. 
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ACCUMULATION OF RADIONUCLIDES IN SEWAGE SLUDGE 

I. Gans, H. Ruhle, Th. Bunger and D. Beckmann 
Institute of Water, Soil and Air Hygiene 

of the Federal Health Office 
Corrensplatz l, D 1000 Berlin 33, FRG 

ABSTRACT 

Monitoring of radioactivity in municipal waste water and sewage 
sludge has been common practise ever since the beginning of using 
radioisotopes on a broad scale in the early sixties. Accumulation 
of radionuclides in sludge may lead to radiation exposure of 
population by two major routes: incineration and use in agri
culture. 
While incineration is important for volatile nuclides, e.g. I 131, 
agricultural use is of interest for longlived radionuclides, 
particularly. In~ research project accumulation of radionuclides 
in sewage sludge and eli.mination in waste water was investigated 
by simulation sewage treatment in an experimental facility on 
laboratory scale. Accumulation in sludge and elimination in waste 
water were measured for 30 radionuclides, predominantly qamma 
emitters. Additionally measurements were performed on samples 
of a municipal sewage plant where uranium effeluents from fuel 
fabrication were released to. According to the results of the 

study, elements and radtnuclides may be grouped into three 
categories according to their accumulation behavior: 

1) low accumulation factors (1000 1/kg dry weight) 
and ~limination rates (10 %) : Na, Rb, Cs, Sr, As, Sb, I 

p 
2) medium accumulation factors (3000 - 6000 1/kg dry weight) 

and elimination rates (50 %) : Tl, Se, U, Nb, Mn, Tc, Co 

3) large accumulation factors (6000 - 10000 1/kg dry weight) and 
eltmination rates (90 %) : Be, Sn, Pb, Ag, Au, Zn, cd, Hg, Sc, 
Y, Ce, Gd, Cr, Fe. 

After the reactor accident of Chernobyl the findings of the 
laboratory study were ascertained for fission products by a 
comprehensive monitoring program in two sewage plants and appended 
by an investigation of sludge incinerat~on. It was shown that 
with the exception of I 131 all radionuclides were retained in 
ashes and filters to a large extent. 
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TYPICAL REMOVAL EFFICIENCIES FOR RADIOACTIVE 
IODINE/IODIDE FOR CHARCOAL AND SILVER ZEOLITE CARTRIDGES 

UTILIZED IN RADIATION PROTECTION APPLICATIONS IN 
NUCLEAR ENERGY INSTALLATIONS 

Frank M. Gavila 
F&J Specialty Products, Inc. 

7056 S.W. 44th St., Miarna, Florida, USA 

ABSTRl\CT 

The rerroval efficiencies of radioactive rrethyliodide for charcoal and 
silver zeolite cartridges utilized worldwide in nuclear installations. to 
determine concentration levels of radioactive iodine/iodide in work areas, 
plant contairment a trrospheres and gas storage vessels are detennined as a 
fW1ction of flowrate, particle size, and sample duration. 

A comparison of silver zeolite adsorl:ents and activated charcoal adsor
l:ents (with 'l'riethylenediarnine impregnation) is made. A comparison of the 
pressure drop across the filter as a fW1ction of adsorl:ent rresh size and 
flowrate is made to assist in evaluating the compatibility of the adsorl:ent 
nesh size with air sampler operating specifications. 

The study has been conducted utilizing the standard test rrethx:l ASIN 
D3803, 1979 to achieve a relationship of these data to performance require
nents nandated by the USNRC for nuclear grade adsorl:ents utilized in nuclear 
r:xJwer plant air cleaning systems. 

Equations for renuval efficiencies for f>lethyl Iodide (rn3r) as a 
fW1ction of flowrate are determined utilizing a computer program and 
gtapltically illustrated to facilitate Ue identification of trends and 
efficiency differences due to nesh size, type of adsorl:ent, sample duration. 
and flowrate. 
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RADIOACTIVE CONTAMINATION IN THE BOLOGNA SEWAGE SYSTEM 
DUE TO NUCLEAR MEDICINE EXAMINATIONS 

G. Testoni*, T. Bernardi*, o. Tubertini** 
B. Bergamini***, M. Marengo*** 

* Servizio di Fisica Sanitaria, Universita· di Bologna 
** Istituto Chimico Ciamician, Universita· di Bologna 

*** Servizio di Fisica Sanitaria, Ospedale Malpighi Bologna 

l - INTRODUCTION 

Liquid wastes produced by the city of Bologna and 
surrounding areas are collected by a sewage system, leading to a 
depuration plant. At present, the capacity of the sewage system 
is about 230.000 m3 per day, half of which is treated by the 
depurator. 

The incoming flow is fairly constant throughout the year, 
except for August when, owing to factory shut-down for holidays, 
there is a decrease of about 60.000 m3 per day. 

The treatment of liquid waste in the depurator is in four 
phases: 
a) primary decantation; 
b) active oxidation; 
c) active decantation; 
d) disinfection. 

After a treatment lasting 12-13 hours, "clarified" liquids 
are discharged into the Navile canal. This leads to the Reno 
river and then to the Adriatic sea. 

Muds produced during decantation are further treated and 
reduced to ashes (within 24-48 hours) that are then stored. 

Since the sewage system also collects liquid waste from two 
Nuclear Medicine Departements (Malpighi and Maggiore Hospitals), 
we decided to measure radioactivity in the liquids both at 
entrance and at exit from the depurator, and in the muds and 
ashes produced by treatment. 

2 - MATERIALS AND METHODS 

We gathered samples of the liquids at entrance and at exit 
from the depurator and of the ashes and muds. 

For gamma ray spectrometry, 2 dm3 of untreated samples were 
counted in Marinelli's beaker by a high-purity germanium coaxial 
detector (2 keV resolution at 1330 keV, relative efficency 30%) 
or a 3" x 3" Nai (Tl} crystal (6.5 % resolution at 662 keV}. 
Minimum detectable activity was about 0.5 Bq/dm3. 

We did not regularly check the activity of beta-emitter 
radionuclides, since they are used only for "in vitro" analysis 
and liquid waste is not released into the sewage system. 

In order to plot the destiny of a radionuclide released into 
the sewers, we carried out a test using a known activity of ggm 
Tc and collected samples of the liquid at entrance to the 
depurator every 15 minutes. The test was done on a day when there 
was no waste release from the Nuclear Medicine Depts. 
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3 - RESULTS 

The above-mentioned test, allows us to evaluate the transit 
time in the sewers. From the moment of release (e.g. at the 
hospital) and arrival at the depurator, a 3 hour delay was 
observed. Knowing the capacity of liquid coming into the 
depurator at measurement time, we observed that only a fraction 
K0 : 0.30 of the released activity ( Ar ) reaches the depurator. 

Thus, if Am is the activity measured at the depurator: 

In order to confirm these observations, we collected a 
series of samples over 24 hours. 

The total weekly incoming activity, for each radionuclide, 
can be calculated as: 

At = L. ( Lj Ai X Qi ) j 
J . 

where Ai are the observed active concentrations 
(fig.1) and Qi are the capacities at the same time in 
2). 

in Bq·hjdm3 
dm3/h (fig 

The activities, for the radionuclides found in the incoming 
liquids, are reported in Tab. 1 where they are compared with 
weekly administered activities (Aa)· 

Since it appears reasonable to assume that a fraction (f) of 
about 0.5 of the injected activity is excreted by the patients in 
the first few hours after administration, we can evaluate the 
fraction K1, 

for ggm Tc we obtained: K1 0.266 
and for 131 I: K1 0.302 

These values approximate satisfactorily with K0 (K 0 = 0.30). 
A second drop in liquid radioactivity concentrations took 

place during waste treatment in the depurator. This decrease is 
basically due to transit time of the liquid in the depurator 
(12-13 hours) and to mud production processes. We then introduced 
a second factor K2: 

where Ae is the activity 
environment. We obtained: 

ggm Tc 
131 I 

at exit 

K2 : 0.002 
K2 = 0.065 

to depurator released into 

The physical half life of ggm Tc accounts for the difference 
in the two values. 

Annual activities 

ggm Tc 
131 I 

evaluated in muds 
Muds 

1702 MBq 
3330 MBq 
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4 - CONCLUSIONS 

The model we used is based on a few simple factors that can 
be easily measured. The activity released into the environment 
through the liquid waste after treatment can be expressed by: 

in which K1 and Kz are the "transfer factors" for passage in the 
sewage and depurator system. These factors, also include decay 
correction that takes into account the time needed for the two 
steps. 

By this method, the release of radioactive meterials into 
the environment by the two Nuclear Medicine Depts. in our city 
(see tab.2 and tab.3) can be predicted and risks for the 
population assessed. 
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TAE:. 1 ~··lEEKL .. ( RADI OACTJl)ITY REPORT 
====================================================================== 

A Dt·llt'-1 I S • 
ACTI'·.)IT"( 

t1E:q 15:3439 
rnCi 4147 

I-131 

3441 

Ga-67 

2t:12 
76 

Se-75 Tl-201 Xe-133 

11.84 
0.32 

2B12 
76 

370 
10 

1-125 

3.7 
0.1 

-----------------------------------------------------------~----------

LIQUID AT ~'1E:q 

ENTRANCE mCi 
20387 

551 
51:3 

14 
407 

11 
1.85 
0.05 

407 
11 

55.5 
1.5 

0.37 
0.01 

====================================================================== 

TAE:. 2 ACTIVITY PER YEAR 
====================================================================== 

Tc:-99m 1-131 Ga-67 Se-75 T1-201 Xe-133 1-125 

ADt·1INI S. 
ACTI'v'ITY 

ME:q 7671950 173049 140600 
mCi 207350 4677 3800 

555 140600 18500 
500 

185 
15 3800 5 

~-1Bq 1020349 25271 21090 2775 LIQUID AT 
Et··HRANCE rnCi 27577 683. 570 

88.8 
2.4 

210 ~!I) 
570 0.7 

LIQUID AT t·1E:q 
EXIT rnCi 

TAB. 3 

2035 
"'"' ._1._1 

1628 
44 

::::.7 
(I .1 

1813 
49 

1.85 
0.05 

LIQUID RADIOACTF)ITY LEt)EL AT ENTRANCE 
==================================================================== 

f'-1AX. t·1EASURED 
CONCENTR.AT! ON 

Bq/1 
uCi/rn1 

A(.)ERAGE Bq/ 1 
CDNCEt--HP.ATI ON uCi/m1 

t'1AC 
U~ATER) 

At.)G. Cot"··lC. /t··1AC 

Bq/1 
uCi ... ·'·m1 

Tc-Si~kn 

92.5 
2.5E-06 

I -131 

21.8 
5.9E-07 

10.7 0.3 
2.9E-07 7.4E-09 

Ga-67 

1 ? 

3.3E-08 

0 ..., 
•"-

5. BE-0::' 

74000.0 12.2 1221.0 
2.0E-03 3.3E-07 3.3E-05 

1E-04 2E-02 ·2E-04 

Se-75 

0.5 
1.3E-08 

.0 
2.6E-11 

3700.0 
1.0E-04 

3E-07 

T1-201 

11.1 
3.0E-07 

0.2 
5.8E-09 

:::7(10 .0 
1.0E-04 

6E-05 
==================================================================== 

TAB. 3a LIQUID R.ADI OACTJt..!ITY LEVEL AT EXIT 
==================================================================== 

MAX. MEASURED Bq/1 
COt..JCENTR.ATI ON uCi/m1 

A(.)EREGE 
CONCENTRATION 

t··1AC IN 
~-.lATER 

AVG.CONC./MAC 

Bq/1 
uCi/ml 

Bq/1 
uCi/m1 

I -131 Ga-67 

1.6 1.1 0.9 
4.2E-08 3.1E-08 2.3E-08 

2.1E-02 
5.BE-10 

74000.0 
2.0E-03 

3E-07 

1.7E-02 1.4E-02 
4. 7E-10 ·3. 9E-10 

12.2 1221.0 
3.3E-07 3.3E-05 

1E-03 1E-05 

Se-75 

3700.0 
1.0E-04 

T1-201 

3700.0 
1. OE-04 

==================================================================== 
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THE CONTROL OF EMISSIONS FROM NUCLEAR POWER REACTORS IN CANADA 

D.J.Gorman1 , B.C.J.Neil2 , R.M.Chatterjee3 

1 University of Toronto, 2 0ntario Hydro, 
3 Atomic Energy Control Board 

INTRODUCTION 

Nuclear power reactors in Canada are of the CANDU 
pressurized heavy water design. These are located in the 
Provinces of Ontario, Quebec, and New Brunswick. Most of the 
nuclear generating capacity is in the Province of Ontario which 
currently has 16 commissioned reactors with a total capacity of 
11,500 MW(e). There are four reactors under construction with an 
additional capacity of 3400 MW(e). Nuclear power currently 
accounts for approximately 50% of the electrical power 
generation of Ontario. Regulation of the reactors is a Federal 
Government responsibility administered by the Atomic Energy 
Control Board (AECB) which licenses the reactors and sets 
occupational and public dose limits. 

DERIVED RELEASE LIMITS 

Derived limits for the release of radionuclides are based 
on a methodology endorsed by the AECB and documented in the 
Canadian Standards Association Standard N288.1. Release limits 
are calculated such that no member of the public receives a dose 
in excess of the dose limit set for the public by the AECB. This 
dose limit is currently set at 5 msv per year (effective dose 
equivalent). The methodology incorporates the environmental 
transfer model shown in Figure 1. 

In this model the quantity of radioactive material in any 
compartment is given by X(i) and transfer from any compartment i 
to compartment j is characterized by a transfer parameter P(ij) 
such that the amount in compartment j arising from transfer from 
compartment i under steady state conditions is P(ij)X(i). Thus 
the quantity represented by any compartment j is given by: 

X(j) = 2: P(ij)X(i) 
i 

where the summation is over all compartments transferring into 
compartment j. 

The standard presents equations for calculating the 
transfer parameters P(ij) on a site specific basis, and in 
addition, gives default values to be used where no site specific 
data are available. The default values have been chosen based on 
data in the scientific literature and are believed to be 
conservative. Derived release limits are calculated separately 
for releases to air and surface water. They are given by the 
following equation: 
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Annual Dose Limit 
DRL 

X(9)/X(O) 

where X(O) is the release rate to either atmosphere or surface 
water. 

P01 

P02 Ingestion P79 

External PS9 

Ingestion P(i)29 

Immersion P(e)29 

Figure 1: Environmental Transfer Model 

Derived release limits are calculated for each radionuclide 
which contributes significantly to the source term. Limits for 
releases to air and surface water are calculated independently. 
Account must therefore be taken of multiple exposures to a 
critical group from all radionuclides and release sources (air 
and water). The dose limitation requirements will be met under 
the following additional condition. 

where R(ijkl 

and DRL(ijk) 

R(ijk) 
< 1 

i j k DRL(ijk) 

= actual release of radionuclide i, from effluent 
source j (air or water), and source facility k 
(takes account of a multiple facility site); 

= derived relea~e limit for radionuclide i, 
effluent source j, and facility k. 
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These dose limits are applied to a "critical group" which 
represents those individuals who are expected to receive the 
highest dose from emissions from the facility in question. 
Release limits are therefore "site specific". 

OPERATIONAL TARGETS 

In recognition of the principle that doses should be kept 
as low as reasonably achievable, design criteria and operational 
targets are set at a small fraction (currently 1%) of the 
derived release limits. In practice, actual releases for most 
radionuclides are well below even these targets. 

EFFLUENT MONITORING 

Monitoring of all significant release pathways for 
radionuclides is conducted to ensure compliance with the DRLs 
and station operational targets. Monitoring may be continuous, 
as for releases to atmosphere, or on a batch basis, for 
controlled pumpouts of liquid holding tanks. The major emissions 
from CANDU pressurized heavy water reactors are noble gases and 
tritium. Carbon-14 has been shown to be significant only for 
Ontario Hydro's Pickering Generating Station. 

ENVIRONMENTAL MONITORING 

Environmental monitoring programs may be needed to achieve 
any of the following objectives: 

(1) To validate the environmental pathway model or any transfer 
parameter used in the model. 

(2) To provide a check on the effluent monitoring design and 
operating systems by comparing doses estimated from effluent 
monitoring with those from an environmental monitoring 
program. 

(3) To show compliance with licensing limits where effluent 
monitoring is not possible or feasible. 

(4) To provide direct measurements, which may be more convincing 
to members of the public than effluent monitoring, which 
would help allay public concerns and foster public 
confidence in the control of the licensed activity. 

(5) To contribute to the preparedness for off-site emergency 
situations where the case so warrants. 

Another standard (Canadian Standards Association Document 
N288.4) (in preparation) presents guidelines and criteria for 
determining if an environmental monitoring program is necessary 
in relation to a specific facility. 

The proposed guidelines would require an environmental 
monitoring program if the sum of the committed effective dose 
equivalents to a typical member of a critical group from all 
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radionuclides and pathways from one year of operation is 
estimated to exceed 50 usv. 

An environmental monitoring program would not be necessary, 
under most conditions, if the sum of the committed effective 
dose equivalents to a typical member of a critical group from 
all radionuclides and pathways from one year of operation is 
estimated to be less than 5 usv per year. 

An additional criterion would call for an environmental 
monitoring program where the release potential from the facility 
is such that, in the event of an accident, the sum of the 
effective and committed effective dose equivalents to a typical 
member of a critical group might exceed 5000 usv. 

Experience from operating CANDU stations has shown that the 
dose to a typical member of a critical group is between one and 
five usv per year. An environmental monitoring program would 
therefore be required under the third criterion. The programs 
in place concentrate on measurements of external dose from noble 
gases, airborne levels of tritium, and levels of tritium and 
carbon-14 in foodstuffs. Using Ontario Hydro's Pickering Nuclear 
Station as an example, the total dose to a member of a critical 
group during 1986 was estimated to be 36 usv of which 20% is 
from tritium, 40% is from noble gases, and 40% is from carbon-
14. 

CONCLUSIONS 

Emission and environmental monitoring data show that the 
dose to a critical group resulting from the operation of nuclear 
power plants in Canada is only a small fraction of that due to 
the natural background. This provides a confirmation that the 
release limits and targets which have been set continue to 
provide a satisfactory degree of protection to the public. 
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DUST PARTICLE SIZE DETERMINATIONS AT AN 
OPEN CUT URANIUM MINE AND MILLING OPERATION 

Robert F. Auty 
Ranger Uranium Mines Pty. Ltd. 

Jabiru NT 5796, Australia 

ABSTRACT 

'l'o duLennh1u Lhe <lCtivity n'edian aerodynamic diarreter (AMI\D) and the mass 
Jllf',Ji cUI l'll~rodyn11111i c d i arJul:et· (M'1AO) of Lluml.um ore dqst and product dusl:.. 
1Jur1uruus mectsUI:unents wt:_-re HJcuJe al diff.orent staget:i of l:he mining and 
nd lJ_j,-,~1 or.Jt~rat.-.iuns. rx~tcrmi.JwUons of l\t1AD and MV\1\0 ~re ·made b1 th~ 
J\..Jlluwjnc:~ Llt..:as; lltiJIO, C.cusl\ing (.Pr:imary and Secondary), Gdnding, Ge:ncral 
s.:~rvlcx_!s i1r<:'las, and L:he U.romillm packing a.~:-eas. once A.Ml\D' s are established 
dt,dv,_;cl l:imil:s fo.1: dust. in the air can I~ calr..."Ulatod. Inhalat:Jon of l'adio
;:,,:U_vl: r:l11~;t :is Ll1t~ w:.nJL sJgtdficanl:. p<~thway by whjch ~n:l~ers :r.-eceive a 
.Ldui t1Uo11 8)\l.USU.r.<::. 
'l'o coJlect Lh..:J rtr.Juh:ed t>cmvlos cctscade impactors we1-e used :in CQ1junction 
\·ri.U1 hlc,Jll volLun~ air samplers. Sal\lples -were oollcct-ed for varying ~riods 
d•Jpt;ncLinCJ or1 u-1u illJbient clusL o)n<.:enLrations and wod1. relal:ed rons1derations. 
'l\vo n.-~thllls wure used LD delt;nninu the acU.vity clef.-Ubit:ed on the var:i.ous 
CiiSC.-Kle inpctci:J.Jr stages, one m::thod assessed the total :long-lived alpha 
<1cUvity, and l;h<:: othee U1c total arruunt of ur:ani.Liln presenl:. !Esults 
j1 ,d ico'ltiJ l:h<.il~ the calc;ulCI ted l\r-11\D 1 s can vary g.ruiltly dl:!pend.ing on where the 
t>cu11pl.us nre collecl;ud ftum. 11; _[s inv.l.saged that maybe two or three AMI\D 1s 
t1ii•Y have to be 11sed to dori vo dust oono::nt-rat.l.on limits for different 
lcJcaUuu::; in Uw minu aud m.ill. 
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DESIGN OF RADIOCHEMICAL LABORATORIES FOR USE IN 
PHARMACEUTICAL RESEARCH 

Dr I Ashton and Dr JMG Walker 
The Wellcome Research Laboratories, Beckenham, Kent, UK 

During the development of new drugs extensive use is made 
of labelled compounds to study their absorption, distribution 
and metabolism. At the Wellcome Research Laboratories, these 
novel compounds are synthesised in a radiochemical facility 
that has been incorporated into a modern purpose built 
medicinal chemist2y building. The facility has an area of 
approximately 10m and consists of a large laboratory with 
controlled access and a separate office suite. 1!t has been 
designed to safely handle up to 9. 25 GBq of C labelled 
compound per synthesis and to comply with the UK Ionising 
Radiations Regulations 1985. Five syntheses can be carried 
out at any one time. 

The laboratory has been designed as a containment area in 
which the air pressure is always below ambient. Access is 
through an airlock entry in which there are changing and 
decontamination facilities. There is a separate entry to the 
office area which is partitioned off from the laboratory with 
glazed panels so that continuous observation of the activities 
in the laboratory is possible. Work surfaces, fume cupboards 
and unit furniture are of materials capable of resisting the 
solvent based cleaners used for decontamination. There are 2 
1 walk-in 1 safety cabinets for tall apparatus and three fume 
cupboards. The laboratory floor is bunded 4" below the office 
and adjacent area to contain any liquid spills. It is covered 
with a flexible 2mm heavy contact polyvinyl sheet with welded 
seams, which is impermeable to aqueous solutions but not all 
organic solvents. The walls are spray painted and finished 
with polyurethane lacquer to give a wipe clean finish. All 
joints are sealed with a smooth finish silicone mastic to 
avoid crevices where contaminants could accumulate. 

SYSTEM OF ENTRY AND EXIT 

The laboratory is entered through an airlock which has 
electromagnetic interlocks fitted to the doors to prevent both 
being open at once as the laboratory is maintained at slight 
negative pressure to prevent contamination of adjacent areas. 
Within this airlock there are electronically controlled 
washing facilities and hand drier so that hands may be cleaned 
without touching taps or towels. Changing facilities and a 
radiation monitor are located within this area. A step over 
bench is placed in the middle of the lobby. It is constructed 
of melamine covered chipboard and incorporates a shoe rack. 
In case of a failure of the interlock system or other 
emergency, breakglass alarm points are present which activate 
a local alarm/flashing light and relay the alarm state to the 
Building Management System. 
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THE WORKBENCHES 

The laboratory furniture comprises cantilever framed 
supports with solid epoxy resin work surfaces, dished to 
contain any spillage. Flexible metal underbench units are 
suspended below to facilitate easy floor cleaning. The 
cupboards and drawers are painted steel for easy cleaning and 
in extreme situations the paint can be stripped off with the 
contaminant and cabinets repainted. Similarly the resin tops 
are impermeable to most chemicals but in exceptional cases of 
contamination the surfaces can be sanded down and repolished. 

THE WASTE DRAINAGE SYSTEM 

All sinks discharge into a borosilicate glass drainage 
system. For ease of maintenance the drains from each half of 
the laboratory pass to vertical voids on either side of the 
laboratory. The drainage system has been routed so that it 
enters the main drain of the building at the lowest 
practicable point. This maximises the dilution factor for 
radioactive residues and minimises the risk of reflux into 
other areas should a blockage occur in the system. 

THE SAFETY CABINETS 

Each fume cupboard is constructed with a double skin. 
The outer skin is zinc coated steel finished with an epoxy 
powder coating. The inner skin is a stainless steel shell 
produced in one piece with no seams and all curves are 
smoothed to prevent radioactive materials adhering to sharp 
edges or corners. There is a glazed top panel with anti-glare 
lighting giving excellent illumination of the work zone. The 
work top is heavy gauge stainless steel with reinforcing bars 
on the underside so that it supports the shielding and 
equipment with minimum deflection. 

The sash is 6mm laminated safety glass with an epoxy 
coated steel frame. It is counter balanced by weights running 
in guides and suspended on stainless steel cables over nylon 
pulleys with a fail-safe device in the event of cable failure. 
The sash is fitted with an adjustable stop limiting the 
opening to the optimum height of 500mm, with a warning light 
on the control panel which indicates when this height has been 
exceeded. When closed the sash can be locked so that 
radioactive material can be kept secure in the fume cupboard 
rather than taken to store every night. 

Uniform airflow characteristics at the 
achieved by streamlining the entrance faces 
The design incorporates an automatic by-pass 
face velocities at lower sash openings. 
velocity is 0.75m/s at 500mm opening height. 

working area are 
of the cupboard. 
to eliminate high 
The average face 

Each fume cupboard is fitted with flow sensors and 
electrically operated airtight dampers. If the sensors 
indicate that the extraction has failed the dampers will 
automatically close to prevent reverse airflow through the 
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fume cupboard. These dampers will also close in the event of 
power failure so that radioactivity is contained within the 
cupboards and the exhaust systems. Each fume cupboard is 
separately ducted to roof level and thence, through filters 
and silencer, to the atmosphere. 

All the services are controlled from the panels mounted 
at the side of each cabinet. The services available are 
electricity, water, steam and most routine gases such as 
nitrogen, hydrogen, oxygen and helium. Vacuum is generated 
for each cupboard and is independent of the general vacuum 
system for the building. 

STORAGE OF CHEMICALS 

Located between the fume cupboards are vertical steel 
pull out cupboards ventilated by the fume cupboard extraction 
system. These vertical cupboards are provided with racking 
and trays for storage of containers of various sizes and are 
mounted on pantograph drawer gears. Ventilated lockable 
flammable solvent storage cupboards are positioned under the 
fume cupboard work tops. 

THE ENVIRONMENTAL CONTROL AND MONITORING SYSTEM 

For safety reasons, the air supplied to the laboratories 
in the medicinal chemistry building cannot be recirculated. 
To limit the substantial costs of preheating and circulating 
the air, the environment is controlled by the Building 
Management System computer and separate air-handling units are 
dedicated to each laboratory. The air-handling plant is 
located on each floor to facilitate the distribution of ducts 
and to minimise the fire risk. The computer is programmed to 
continuously monitor the air-conditioning demands. Thus, in 
the radiochemical laboratory, as the number of fume cupboards 
in use increases or decreases, the computer balances the input 
air with the rate of extraction. The flow of air in the 
laboratory is from the ceiling plenum through the perforated 
steel ceiling tiles and out through the fume cupboards. 
Although the cupboards can be controlled manually, the 
computer has overall control which ensures that at all times 
at least two fume cupboards are operating in order to maintain 
the negative room pressure. 

A series of sensors within the system monitor the 
performance of the plant and status reports are produced by 
the Building Management System. An immediate warning is given 
when plant failure causes loss of negative pressure, failure 
of fume cupboard extract or failure of the labelled compound 
cold stores. Further alarm systems monitor the gas supplies 
to the fume cupboards, the integrity of the fire escape door 
and the airlock. 

We thank Mr M Dennis and Mr A Stanley (Project Engineers) and 
Mr D Greenslade (Radiochemist) for their contributions. 
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DOSE ASSESSMENT IN RADIOACTIVE MATERIAL TRANSPORT 

Lidia Failla 

INPRAT (Istituto Nazionale per la Prevenzione del Rischio nelle Attivita 
Tecnoclogiche) , Italy 

As of 1961, AIEA has issued regulations for the safe transport of various 

modifications, principally owing to the increase in number of packages transported 

and to the different chemical-phisycal characteristics of the radioisotopes used in 

the course of the twenty years following. 

This paper deals whith air, road and rail transport under normal conditions. 

Conseguently, the assessment of possible ionizing radiation doses received by 

transport personnel and by the public must be performed especially on the basis of 

the transport index and radiation level of the packages. The most recent 

pubblication of AIEA regulations on the subject dates back to 1985. As with the 

preceding 1973 publication, it indicates three categories of packages with 

reference to the afore mentioned transport index and radiation level, measured in 

sievert (Sv) : 

Category I 

Category II 

-White: radiation level:;!0.005 mSv/h 

- Yellow: radiation level: 0.005 <D!0.5 
mSvjh-transport index: 1 

Category III -Yellow: radiation level: 0.5(Di2 mSv/h 

radiation level: ~ 10 mSv/h for "full load" 

transport index: 10 

For the first time, the 1985 publication makes esplicit and complete reference 

to the norms of radiation protection issued by AIEA itself in collaboration with 

OIT, Who and the NEA of OCDE (Basic Safety Standards for Radiation Protection, 

1982, Ed. Safety Series No. 9). In these norms, AIEA establishes for trasport 

workers a dose level of 5 mSv per year. The aforementioned radiation protection 

norms shall serve as reference for the administrative and organizational aspects 
with regards to remaining within these dose levels. These norms must, 

take into account the particular conditions under wich they are applied. 
of course, 

As far as 
nuclear installation are concerned, or the use of radioisotopes or order ionizing 

radiation sources, the problem of assessing and cheking the doses received can be 

performed using parameter which can be established and maintained at least within 

certan limits. The case of transport is completely different because the only 

objectively known fact, as far as we are concerned, is the previously mentioned 

irradiatione of packages. It is a particulary difficult task, however, to shift 

from the latter to evaluating possible doses because this involves a large number 

of parameters which cannot always be known and properly evaluated (i.e. doses 

received at work stations and time spent at them; number of packages per 
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irradiation category; distances from packages belonging to different categories; 

division of initial loads over different routes via different transport means, 

etc.). There is presently a nationwide drive towards special regulation setting 

load limits and the distance of workers from the loads so as to limit the 

absorption of possible doses (Cfr. Italy, Regolamento per il Trasporto di Merci 

Pericolose per Ferrovia - tr.n. Regulation for Transport of Dangerous Goods via 

Rail). Other methods are utilized experimentally to evaluate the doses absorbed. We 

find that all these methods, however, are based on the irradiation of packages and 

not on methods, however, are based on the irradiation of pakcages and not on dose 

measurements. 

In the behalf that the assessment of doses from packages irradiation is 

somewhat difficult and consequently involves a high degree af approximation, we 

have elaborated a form which we propose with this paper. our proposed solution 

practically overturns the problem, and thus may appear oversimplified. We in any 

case welcome any semplification if it can prove useful to improving or, at least, 

facilitating the evaluation of the possible dose absorbed by transporters of 

radiactive material. This proposal choses to ignore the external packages 

irradiation, of course accepting those established by AIEA, in favour of directly 

measuring the doses in question. Form no. 1, which refers to drivers and escorts, 

records the real or possible dose measured at the onset of each transport in the 

worker's work station; of the various values recorded, we chose the one which 

guarantees the greatest precautions, which is to say the highest one measured. This 

value, multiplied by the time duration of the trip, gives the probably absorbed 

dose value per trip. Hence, it is easy for the supervisor to calculate the annual 

dose or to take the proper measures if he foresees that a worker might surpass the 

maximum dose admitted (5 mSv/y). An assessment performed in this manner doubtlessly 

safeguards workers if accompanied by very strict orders, 

the cabin during possible stops. 

such as not sleeping in 

The problem for loading and unloading is more complex, given the nature of the 

operations themselves. However, for these tasks too, there is a form (no. 2). It 

must record the dose value measured in the trolley driving station. This 

measurements must be performed 

worst condition with respect to 

for each transport. The dose 

by loading the packages taken as examples inthe 

package irradiation, for each trolley used and not 

values measured shall be multiplied by the time 

duration of the operations, and thus we obtain the values of the presumed dose 

absorption by the workers involved in these operations. These values are so 

precautionary as to make additional doses owing to manual operation negligible. We 

must bear in mind, in this regard, that the percentage of III-Yellow packages (dose 

up to 2 mSv/h transported is generally rather modest. In 1984, 1985 and 1986, in 

Italy this percentage averaged approxipately 7-8% of the total number of packages 

transported containing radioactive material. This estimate refers to a significant 

sample (about 50% of total packages). With regards to the public, it is especially 

important to know the main traffic flow routes and those which transit through 

inhabitated areas or areas frequented by the public. Here it is sufficient to make 

evaluations which take into account the measurements taken autside the means of 

transport and of the time the public is exposed to them at various distances. 
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Air transport merits special consideration. Here passengers (the public) could 

absorb unreasonable and rather high doses if they are frequently present in 

aircraft transporting packages containg radioactive material. These situations 

require a careful examination of the main traffic flow routes. Aircraft personnel 

can be considered as on a par with the workers concerned by form no. l,and thus use 

the same form. 

The considerations made above, especially as concerns forms no. 1 and 2, may 

lead to modifications in packages irradiatio, to be proposed to AIEA, or to special 

equipment on the means of transport. 

It is significant that the 1985 AIEA publication established for transport 

workers a dose level of 5 mSv per year, for members of the public a dose level of 

no more than 1 mSv per year, whith explicit reference to the aforementioned "Basic 

Safety Standards". This makes possible to perform assessments using the 

aforementioned forms, effecting any adjustment deemed proper or necessary for each 

individual carrier, on the transports and loads in question. 

Worker name ............. . 

Year .................... . 

Measured dose 

(mSv/h) (**) 

Date (+) 

Form. no. 1 (*) 

Trip Duration 

(Hours) 

Total Dose 

(mSv/trip) (++) 

Total Annual Dose ( ' ' ) ......................... . 

(*) For transport workers, drivers or escort, or aircraft staff. 

(**) Refers to the dose measured (see text) in the worker's work station, real or 

possible, for each individual transport. The dose must be measured at 

transport onser, choosing the highest value measured. 

(+) The date must be that of departure. 

(++) Obtained by multiplying the value of the measured dose by the time duration of 

the trip. 

('') Must not be higher than 5 msv. 

Worker name ............. . 

Year .................... . 

Dose in Sv/h measured in the 

arranged in the conditions to 

packages transported by the 

text) ......................... . 

Form. no. 2 (*) 

trolley driving station having a 

produce the highest dose value, on 

firm or board which employs the 

Date Time employed in Hours 

for each movement 

Dose in Sv calculated 

for each movement (**) 

Total Annual Dose (+) 

(*) For workers involved in loading and unloading operations 

supposed load 

the basis of 

worker (see 

(**) Obtained by multiplying the value of the dose measured by the time employed 

for each movement. 

(+) It must not be higher than 5 mSv. 
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RECONSTUCTING FALLOUT EXPOSURES TO THE 
U.S. POPULATION FROM WEAPONS TESTING 

IN NEVADA DURING THE 1950'S 

H.L. Beck and P.W. Krey 
Environmental Measurements Laboratory (EML) 

U.S. Department of Energy 
376 Hudson Street, New York, NY 10014, USA 

ABSTRACT 

For the past several years, the EML has been participating in several 
major studies designed to reconstruct the radiation exposure received by 
persons living downwind from the Nevada Test Site (NTS) as a result of weapons 
tests carried out during the 1950's. This reconstruction has utilized a 
number of novel techniques designed to infer fallout based on retrospective 
measurements, as well as re-evaluations of monitoring data from the period of 
testing. Fallout in states near the NTS has been inferred from measurements 
of Cs-137 and Pu isotopes in contemporary soil samples from undisturbed sites. 
A re-evaluation of monitoring data taken using gummed-film at about 100 sites 
throughout the U.S.A. has provided reasonable estimates of fallout for sites 
in the central and eastern U.S. where total depositions were too low to be 
determined by the retrospective soil analysis method. Analysis of sediment 
layers from lakes and reservoirs downwind from the NTS have provided an inde
pendent time history of fallout and plutonium isotopic mixture for some areas. 
Contemporary gamma-spectrometric data obtained during aerial surveys for 
uranium ore have been used to estimate topsoil Cs-137 activity in order to 
screen for potential NTS fallout hotspots. 

Cumulative NTS fallout deposition and resulting external exposures for 
the entire U.S.A. have been calculated and the particular shots contributing 
most of the fallout at a given site have been identified. These depositions 
are being utilized by a number of groups to estimate population doses uti
lizing state of the art pathway models. The reconstruction methods used in 
these studies have application to assessing exposure from other types of man
made fission product contamination, including fallout from a reactor accident 
such as occurred at Chernobyl in 1986. 
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BIKINI ATOLL IONIZING RADIATION SURVEY--MAY 1985-MAY 1986 

K. L. Shingleton, J. L. Cate, M. G. Trent, w. L. Robison 
Lawrence Livermore National Laboratory 

INTRODUCTION 

Between 1946 and 1958, the United States conducted 23 nuclear 
tests at the Bikini Atoll in the Marshall Islands. The single 
largest detonation was the "Bravo" test, which resulted in 
extensive radioactive contamination of a number of islands and 
prevented the timely resettlement of the native population. Since 
1958, many studies have been conducted to assess cleanup options 
and the internal and external radiation doses the Bikinians would 
likely receive, should they resettle the islands. 

Although the external dose rates from s and y radiation have 
been previously determined by aerial and ground measurement 
techniques, technical constraints limited the assessment of 
external s dose rates from the Cs-137 and Sr-90/Y-90 contamination 
on the islands. Now, because of the recent development of very 
thin thermoluminescent dosimeters (TLDs), these externals dose 
rates can be measured. 

THE SURVEY 

The purpose of this survey was to (l) determine the s dose 
rate at 7 mg/cm2 and the deep dose rate (y) on the two habitable 
islands in the atoll, Bikini and Eneu; (2) compare the dose rates 
at heights of l em, 50 em, and 100 em; and (3) determine the 
effect of various ground covers on the s dose rate. 

We conducted this survey in two 6-month phases, and based 
results on data from 800 Panasonic-802 dosimeters. Each dosimeter 
contains 4 elements (El, E2, E3, and E4); Eland E2 are 
Li 2B4o7 :cu and E3 and E4 are CaS04 :Tm (hereafter referred to as Li 
orCa). These dosimeters are normally exposed in their holders, 
which contain absorbers, but in this experiment, half of the 
dosimeters were exposed out of their holders so that both the Li 
and Ca chips measured the s radiation. We sealed each dosimeter 
in a Sar~n bag that was lined with aluminized mylar: the Saran 
(2 mg/cm ) provided moist~re protection and the reflective 
aluminized mylar (l mg/cm ) minimized heat buildup. Except where 
the bags were exposed to intense reflected light or got buried in 
the ground, this packaging configuration was successful. Bagged 
Panasonic dosimeters were placed between aluminum supports that 
were stapled to wood blocks. A layer of plastic tape was placed 
over the top and sides of the dosimeters to protect them from 
direct rain and sunlight. 

We distributed the dosimeters among 102 monitoring sites, each 
consisting of l out-of-holder (0) and l in-holder (I) dosimeter at 
heights of l em, 50 em, and 100 em; ll s spectrometer arrays, 
used to assess the maximum and average energy of the s radiation; 
and 6 fade study stations, used to assess environmentally induced 
fading of the Panasonic dosi~~e· Each s spectrometer array 



consisted of five out-of-holder dosimeters at heights of l, 50, 
and 100 em. At each level, one dosimeter was left bare, while the 
other four were covered with aluminum absorbers so that total 
absorber thicknesses were 14, 21, 48, 84, and 233 mg/cm2 , 
respectively. Each fade study site consisted of two out-of-holder 
dosimeters, sandwiched between thick aluminum absorbers and 
mounted in a holder equidistant from a 10 ~Ci Cs-137 source. 
Since any a response was eliminated by the aluminum absorbers, and 
both Li and Ca respond linearly to the 662 keV photons from 
Cs-137, any fading of the Li relative to theCa would be evident 
by comparing the measured doses at the end of the experiment. 
Three fade study locations were selected, representing the full 
range of thermal environments: one in a house protected from 
direct rain and sunlight, one in a breezy, semi-shaded area, and 
one in the middle of the island with intense sunlight and little 
breeze. 

We selected monitoring sites based on the Marshallese life 
style, giving emphasis to areas where people would likely spend 
the most time. To assess the effect of ground cover, many of the 
areas monitored included two adjacent sites, one cleared of plants 
and debris, and one left uncleared. We also evaluated the effect 
of coral gravel as a ground cover by placing a 1-m-radius pad of 
it in two highly contaminated areas on Bikini and putting a 
monitoring station in the center of each. Nearby, we established 
stations over cleared and uncleared soil. 

Another area specifically evaluated was the Excavation Plot, 
an experimental garden established in the most contaminated area 
of Bikini. All plants and the top 40 em of soil had been removed 
from this 2-acre plot, where different crops were then grown. The 
Control Plot, equal in size and adjacent to the Excavation Plot, 
was also stripped of plants and used as an experimental garden, 
but the topsoil was left essentially undisturbed. A 90-foot-wide 
Buffer Zone, left in its natural condition, separated the 
Excavation and Control Plots. 

DATA ANALYSIS: 

The dosimeters were shipped to Bikini in a lead box and the 
control dosimeters indicated the transportation dose was 
statistically indistinguishable from background. Therefore, we 
made no specific correction for transportation dose. 

The cosmic ray background of 3.3 ~R/hr had been previously 
assessed by various experimenters and data from Eneu corroborate 
this value. We subtracted a background of 3.3 ~R/hr (29 mrem/yr) 
from the dose rates reported in this survey. 

Li data from the six fade study sites were within two standard 
deviations of the respective Ca data, so we did not apply any fade 
correction to the Li data. 

Because Ca significantly overresponds to low-energy photons, 
we compared data from E3(I) (Ca) and E2(I) (Li), both of which are 
covered with absorbers that attenuate only 4% of 30 keV photons. 
We found the dose on E3(I) e~ef.fd that on E2(I) by more than 3 



standard deviations only 3.9% of the time, indicating that low
energy photons made an insignificant contribution to the total 
radiation dose. Therefore, we did not make a correction for Ca 
over response. 

We also compared El(O) and E2(0) (Li) to E3(0) and E4(0) (Ca) 
and found that in 85% of the cases, the average of the dose on the 
Li chips fell within three standard deviations of the average on 
the Ca chips. In 7% of the cases, the Li chips read higher than 
the Ca, and in 8% of the cases, the Li chips read lower. After 
extensive evaluation, we found that Li TLDs were adversely 
affected by moisture, heat, and light, and had limited accuracy at 
low doses. Ca TLDs did not have these limitations, and since 
there was no low-energy Ca overresponse to contend with, we used 
only the Ca data (E3 and E4) to calculate dose rates. 

Analysis of the B spectrometer arrays indicated that the 
average energy of the B sp~ctrum was somewhere between that of Y-
90 and Tl-204. At 7 mg/cm , the efficiency of the Ca TLDs to Y-90 
was 85%, and to Tl-204 was 72%. We chose a calibrazion factor of 
79% and then determined the B dose rates at 7 mg/cm by averaging 
the E3(0) and E4(0) data, subtracting the corresponding E4(I) 
data, and dividing by 0.79. 

We used E4(I) data to assess the exposure rate in air from 
penetrating y radiation, and Kerr's conversion factor for the 
testes (0.75 rads in tissue/R in air, at 662 keV) to convert to 
dose in tissue. 

Published conversion factors for photon dose to the skin range 
from 0.685 to 0.78 rads in tissue/R in air. We chose to use 0.75 
because it was conservative and the same conversion factor used to 
calculate dose in the testes. Shallow dose rates were then 
calculated by adding the photon dose rate to the skin to the 
respective B dose rate. 

After measuring the precision and accuracy of the dosimeters, 
we calculated a total experimental error of +15% on the raw data, 
and propagated the errors to report the 95% confidence interval of 
the reported dose rates. We assumed that the background value of 
3.3 ~R/hr and the conversion of 0.75 rad in tissue/R in air were 
constants. 

DISCUSSION OF RESULTS 

The mean deep dose rate on Eneu was approximately 18 mremjyr, 
and the mean B dose rate varied from 23 mrem/yr l em off the 
ground to 6 mrem/yr 100 em off the ground. The highest B dose 
rate measured on the island was 90 mrem/yr at l em, and 42 mrem/yr 
at 100 em. The highest measured deep dose rate was 88 mrem/yr, 
but there were only three areas on the island where the measured 
deep dose rate exceeded 30 mrem/yr. Natural ground cover had no 
measu=~ble effect on the dose rates. 

Bikini's radiation profile was more complicated than Eneu's. 
Since there were many unique areas to be evaluated, data from 
Bikini Island was divided int1~~roups. In general, the highest 



B dose rate measured in each subgroup was 1.5-2.5 times the mean, 
and the highest deep dose rate was 1.5-2 times the mean. 
Exceptions to this generalization existed where the dose rates 
varied little between sites. 

IN HOUSES: The mean deep dose rate in the houses was about 37 
mrem/yr. In a house with concrete made with reef aggregate, no B 
radiation was detected, but in the houses made from island 
aggregate, B radiation averaged 116 mrem/yr at 1 em, and 46 
mrem/yr at 1 m. 

AROUND HOUSES: The mean deep dose rate around houses was 
about 110 mrem/yr. The mean B dose rate ranged from 301 mrem/yr 
at 1 em to 165 mrem/year at 100 em. 

GENERAL AREAS: The mean deep dose rate was about 200 mrem/yr, 
and the mean B dose rate ranged from 550 mrem/yr at 1 em to 192 
mrem/yr at 100 em. These values are higher than the true island 
average, though, since a disproportionate number of sites were 
selected in highly contaminated areas. 

EXCAVATION EXPERIMENT: Both the B and deep dose rates varied 
greatly in the Buffer Zone and the Control Plot, probably as a 
result of soil disturbances that occurred during excavation and 
planting. In these areas, deep doses ranged from about 100 
mrem/yr to 536 mrem/yr, and B dose rates ranged from 173 to 1886 
mrem/yr at 1 em, and from 100 to 500 mrem/yr at 1 m. 

The dose rates in the Excavation Plot were consistently low: 
the mean deep dose rate was 47 mrem/yr at 1 m, and the mean B dose 
rate was 88 mrem/yr at 1 em and 54 mrem/yr at 100 em. Removing 
the top 40 em of soil reduced the B dose rate between 80% and 94% 
at 1 em, and between 72% and 87% at 1 m. 

VARIATION OF DOSE RATE WITH HEIGHT: In heavily contaminated 
areas, the mean B dose rate at 1 em was about 2.5 times the 
respective mean deep dose rate; at 50 em, it was 1.5 times the 
mean deep dose rate, and at 100 em, it about equaled the mean deep 
dose rate. In lightly contaminated areas the B dose rates more 
closely paralleled the deep dose rates at all heights. 

EFFECT OF GROUND COVER ON B DOSE RATES: A comparison of data 
from cleared and uncleared areas showed that ground cover did not 
consistently enhance or degrade the B dose rates. Presumably, the 
large variations in the B dose rate that existed within small 
geographical areas overwhelmed the small botanical differences we 
were trying to measure. 

Coral gravel reduced the 1 em B dose rate from 1,015 to 110 
mrem/yr (89%) in one area, and from 346 to 79 mrem/yr (77%) in the 
other. 

A full report on this survey, including raw data and references, 
can be obtained from the author by requesting report UCRL-553798. 
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RADIOACTIVE CONTAMINATION AT MARALINGA. 

P.A.Burns. M.B.Cooper. G.A.Williams and K.H.Lokan. 

Australian Radiation Laboratory. 

Atomic weapons tests were conducted in Australia at three 
locations between 1952 and 1963. There were twelve trials where 
nuclear explosions took place (major trials). and many other 
trials where devices and components associated with the 
development of atomic weapons were burnt or exploded with 
conventional explosives (minor trials). 

Radioactive residues from the major trials have not proved 
to be of radiological consequence in the long term. and it has 
been estimated that remaining activation and fission products 
will cease to be of any concern beyond about 2030 (Lokan. 1985). 

Between 1960 and 1963, however, a series of safety trials 
involving plutonium were carried out at the Taranaki site at 
Maralinga. where twelve firings were conducted in three series of 
trials from firing pads within a few hundred metres of each 
other. leading to the local dispersal of some 22 kilogram of 
plutonium-239. Shallow burial pits were constructed close to each 
firing pad. and much of the material was ultimately buried in 
these pits. The remainder of the plutonium was carried in wind
borne plumes. and was generally deposited down range to the north 
of the firing pads. The distribution of plutonium on the ground. 
for the first several kilometres. was reconstructed at the end of 
the series (Turner. 1964) from measurements taken at the time. 
and indicated the presence of four plumes. made up of overlays of 
individual firings. extending several kilometres from the firing 
pads. 

Between 1984 and 1986 the Australian Radiation Laboratory 
conducted extensive field investigations to map the extent and 
distribution of these plutonium plumes. The distribution of 
americium-241. which is a decay product of plutonium-241 present 
in the original material. was determined from its 60 keV gamma 
ray using portable thin-crystal sodium iodide scintillation 
detectors. In addition soil samples were collected to a depth of 
2.5 em from some 400 sites within 1 kilometre of the firing 
sites. and a further 350 samples from sites between 1 and 100 
kilometres. These were analysed with the aid of high-resolution 
gamma ray spectroscopy, to determine the concentration of 
americium-241 in Bq/kg in surface soil. The results of these 
analyses are presented in Figure 1. Independent studies of the 
ratio of americium-241 to plutonium-239 (Tracy. 1987) for 
Taranaki soil samples indicate a ratio of about 1 8.4. and 
imply surface concentrations along the plume axes. which are an 
order of magnitude greater than was originally inferred. 
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Figure 1: Am-241 contamination levels based on 
soil samples measured in 1984-1986. 

The main feature of the plumes is that they are quite 
narrow, and contrary to an expectation that surface contamination 
would gradually be dispersed in this sandy semi-arid environment, 
they appear to have undergone little observable change in the 
past twentyfive years. In addition, the evidence to date 
suggests that there has been little downward migration of 
plutonium, as depth profiles have indicated that most (90 per 
cent) of the activity still lies in the top centimetre of soil. 

In order to obtain further detail about the character of the 
dispersed plutonium, eight sites within the four identified 
plumes were selected for further study. Composite soil samples 
from each site, which covered an area of 100 x 100 m, were 
analysed to determine the average concentration and uniformity of 
the soil contamination. Mean concentrations in soil, expressed in 
terms of americium-241, at distances of 1.5 and 5 km from the 
firing pads are presented in Table 1. 

Table l. 

Mean Concentrations in Plumes (Bq/g of Americium-241) 

Distance from 
Firing Pad (km) 

1.5 

5 

west 

0.35 

0.01 

North west 

0.52 

0.71 

1375 

North North East 

1.07 0.75 

0.17 0.10 



The values in Table 1 represent the averages of about fifty 
soil samples drawn from each site, and individual samples 
commonly showed sample to sample variations in excess of an order 
of magnitude. For the the site in the north plume at a distance 
of 1.5km from the firing pads concentrations varied from 0.04 to 
4.2 Bq/g of americium-241. Some of the more active samples from 
this and other sites were successively subdivided, and it was 
shown that individual particles of diameters between 100 and 200 
micron accounted for most of the activity in these cases. 

The distribution of activity as a function of particle size, 
which is of great importance to the future assessment of 
potential inhalation hazard, was investigated at each site by 
separating the soil into different size fractions with the aid of 
a set of graded sieves. Average mass and activity distributions 
are presented in Table 2, which indicate that in general the 
"fine fraction" (< 45 micron) , which represents only three per 
cent of the mass, contains about thirty per cent of the activity. 

Table 2. 

Distribution of Mass and Activity in Taranaki Soil. 

Size Range Percentage of Percentage of 
(micron) Mass Activity 

1000 - 710 2 0.3 
710 - 500 12 3 
500 - 250 37 12 
250 - 125 24 11 
125 - 75 14 32 

75 - 45 8 13 
< 45 3 29 

The "fine fraction'' was investigated further for samples 
from the 1.5 km site on the North West plume, using a micro 
particle classifier to obtain mass and activity distributions as 
a function of size. These results, which are preliminary at this 
stage, and may not be generally representative, are presented in 
Table 3. The size ranges given are "optical" diameters. rather 
than aerodynamic diameters, as the classifier was calibrated by 
comparison with visual assessment of sizes under a microscope. It 
should be noted that the size ranges are approximate only, as the 
cut-off sizes for the particle classifier are density dependent, 
and density variations in the soil have not been taken into 
account. 
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Table 3. 

Activity and Mass Distributions for Soil below 45 Micron. 

Size Range Percentage Percentage Specific 
Mass Activity Activity 

(micron) (Bq/g Am-241) 

< 3 2 1 1.6 
3 - 4 2 ·1 1.5 
4 - 6 11 7 1.8 
6 - 12 17 15 2.5 

12 - 17 18 15 2.4 
17 - 25 19 14 2.2 
25 - 45 31 47 * 4.4 

Overall americium-241 concentration 2.9 Bq/g 

* May be due to a single high activity particle. 

Table 3 demonstrates nevertheless that for this site at least, 
the activity concentration does not vary sharply with particle 
size within the respirable range say up to 6 micron in 
diameter, corresponding to an aerodynamic diameter of about 10 
micron but stays relatively constant at 1.5 to 1.8 Bq/g of 
americium-241 or 12 - 15 Bq/g of plutonium-239. 

This work is part of a broader study of the plutonium 
environment at Taranaki, which is addressing the inhalation 
pathway, and requires much more information about the physicial 
and chemical nature of the plutonium, dust loadings for both 
normal and atypical conditions and potential occupancy before any 
realistic dose assessment can be undertaken. 

It is a pleasure to acknowledge the technical assistance of 
Myra Wilks in the preparation and sizing of the soil samples. 
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FIELD STUDIES TO DETERMINE ACCEPTABLE LEVELS OF CONTAMINATION AT 
FORMER UK NUCLEAR TESTING SITES, MARALINGA AND EMU IN AUSTRALIA 

D.R. Davy 

Australian Nuclear Science and Technology Organisation 
Lucas Heights Research Laboratories, Menai, NSW 2234, Australia 

INTRODUCTION 

The Maralinga and Emu regions of South Australia were used between 
1953 and 1961 for the UK nuclear weapon development program. Two types 
of trials were conducted - the major trials involved the detonation of 
fission weapons and the minor trials dealt with weapon design and 
operational safety. 

The minor trials led to substantial environmental degradation having 
uncertain consequences since they involved the widespread dispersion of 
plutonium, beryllium and natural uranium. It is not possible from 
historic records and contemporary measurements to account for all the 
material involved in the minor trials. In the case of plutonium, for 
example, 22 kg was initially dispersed: somewhat less than 2 kg is 
identifiable as fragments or smaller particulate on or near the surface 
to a distance of - 4 km from ground zero or along well-defined plume 
deposition zones; some is buried in a series of concrete-capped 
disposal pits; and the remainder is dispersed, presumably at low 
deposition concentrations, over a large area. 

In 1986, as a result of the findings of the Royal Commission on 
Nuclear Testing in Australial2l, the UK and Australian Governments agreed 
to set up a Technical Assessment Group (TAG) with one American, two 
Australian and two British members to review the Maralinga-Emu 
situation. TAG was to advise on a series of clean-up options and their 
associated costs and examine land-use options ranging from unrestricted 
use by the traditional Aboriginal owners to options involving various 
degrees of administrative and physical control. 

In its interim report, presented in May 1986, TAG observed that the 
existing data base was inadequate and suggested a series of field and 
laboratory studies that would partly correct this situation. Six of 
these studies were concerned with redefining the existing levels of 
contamination and establishing acceptable levels of contamination for a 
range of land-use options. This paper discusses the rationale, 
organisational support, scope and experimental protocol adopted for each 
of the six studies. 

EXTENT OF SURFACE CONTAMINATION 

Previously staff of ARLI 1 1 had contoured the levels of 239Pu 
contamination (by measuring the associated 241Arn radioactivity) using 
hand-held monitors and radiochemical determinations of the 239Pu: 241Arn 
ratios. In the main this work described the situation out to open 
contours equivalent, for example, to about 2 Bq g-1 of 239Pu at a distance 
of 600 m from ground zero at the Taranaki site. ARL also identified 
several plumes of Pu contamination originating from Taranaki; the 
north-west plume, was followed to a distance of 32 km where the 
contamination level was 20 m Bq g-1 of 239Punl. 
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TAG proposed an aerial survey followed by a vehicular survey in 
order to more fully map the contamination levels. The contract for the 
former was let to EG&G through the US Department of Energy. The Royal 
Air Force supplied the two Wessex helicopters. In all, 223 on-line 
survey flying hours were completed for a survey distance of 39 000 km 
over an area of about 1 500 km2 • The advanced data reduction programs 
used by EG&G achieved detection limits that were better than expected 
and significantly reduced the scope needed for the land survey which is 
to follow. 

LAND USE 

It is anticipated that the most restrictive land use will revolve 
around those Aboriginal groups which have claims on the Maralinga and 
Emu lands. Some rural Australian Aboriginals have, over the last twenty 
years, reverted to a more traditional life-style. This is due largely 
to changing social attitudes amongst Aboriginals and non-Aboriginals and 
has been made possible by political change and the relaxation of 
legislative control. The change is evident in the formation of 
'outstations' where the traditional social relationships have been 
re-established. These groups derive some of their food supply from 
'bush-tucker', particularly for those food items that were traditional 
favourites (e.g. kangaroo, some reptiles and grubs). 

The anthropological study will concentrate on quantifying the 
life-style of an out-station community living at Oak Valley (100 km 
north-west of Maralinga) to determine the nature and importance of the 
various exposure routes. Key elements of this study include dietary 
composition, methods for food preparation, practices that enhance the 
intake of soil and fire-ash through inhalation and ingestion, 
exploitation of the various land systems and the likely occupancy of the 
Maralinga and Emu lands when these are returned to them. 

EXPOSURE ROUTES 

INHALATION 

Conventional wisdom suggests that inhalation of 23 'Pu-241Am is the 
most restrictive exposure route. The studies deal with five aspects of 
the problem. 

Between 1957 and 1966, dust hazes, local dust storms and regional 
dust storms were recorded. The yearly frequency and mean associated 
wind speed (m s- 1 ) were- dust haze : 1.6, 11.6; local dust : 1.6, 12.2; 
dust storms : 1. 2, 12. 7131. 

To record the air concentration of Pu/Am that will arise from such 
events, eight battery-operated/solar-charged continuous air samplers 
have been installed. These low volume samplers are cut-in and cut-out 
by a built-in anemometer set 7 and 6 m s- 1 respectively. 

To emulate dust-raising activities, a series of human activities 
(shovelling, digging etc) will be carried out up-wind of a high volume 
air sampler. A dust-raising unit (large fan, wind chambers, high volume 
air sampler) will also be run at several of the locations to acquire 
information on particle size and specific activity of wind-suspended 
contamination. 
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Personal air samplers are used to monitor exposure of Aboriginals to 
dust. The experiments are of one of three classes. Certain activities, 
e.g. digging for grubs and rabbits, earth-oven preparation, children's 
games, riding the back of a pick-up truck along bush tracks, will be 
simulated working in contaminated land. Other activities e.g. sleeping 
on the ground, ceremonial performances, being down-wind from large 
'comfort' brush fires will be monitored with fixed samplers in 
uncontaminated areas. The third category will involve the use of 
Aboriginal volunteers wearing the samplers in uncontaminated areas while 
undertaking activities judged by the anthropologists as likely to lead 
to the highest dust loadings. 

The samplers for the second and third categories will record only 
the dust loading (respirable dust in mg h-1 of the physical activity) . 
The results will be converted to radioactivity inhaled, based on the 
ratio of particle size distribution in the uncontaminated areas to the 
specific activity/particle size distribution in the contaminated areas. 

INGESTION 

Sampling is concentrated on those bush food items found to be 
important by the anthropologists. Observations suggest that substantial 
amounts of soil and fire-ash are ingested with the food, be it of bush 
tucker or supermarket origin. The quantity of contaminated soil and ash 
consumed will be determined by preparing the food in the Aboriginal way. 

WOUND CONTAMINATION 

As a result of their life-style and the harshness of the 
environment, Aboriginals receive more cuts and abrasions than would 
non-Aboriginals. In the Oak Valley community, ceremonial cutting is no 
longer practised, but this could change over time. The potential for 
significant wound contamination is enhanced by the traditional treatment 
which can involve packing the wound with mud. 

The importance of wound contamination depends markedly on two 
factors - the specific activity of the contamination and the metabolic 
fate of such discrete sources which find their way into cuts. The first 
is being addressed in the land survey and the second by the 
bioavailability studies. 

BIOAVAILABILITY 

The basic position is that where the ICRP has recommended values for 
the dosimetric parameters, they become 'default' values and the purpose 
of the experimental bioavailability studies is to ensure, where 
possible, that the default values are sufficiently conservative. The 
significance of this policy is detailed below for each of the exposure 
routes. 

Inhalation 

At least initially both the ICRP 15 ) and NVOI<) lung dosimetry models 
will be used. Among the more important parameters in these models are: 
the percentage translocated from the upper respiratory tract to the gut, 
the distribution of the contamination between the three classes of lung 
solubility {D, W,Y) and the percentages translocated to the liver, 
kidney, bone, thoracic and abdominal lymph nodes. The experimental 
program is aimed at all but the first of these parameters. 
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In vitro solubility in lung fluid and a few lung retention 
measurements on material of intermediate specific activity will provide 
the bridge between data obtained using high specific activity in the 
animal work and those for material drawn from areas having an acceptable 
level of contamination. 

Ingestion 

The primary dosimetric factor is that for the gut transfer (f1 ) • 

The ICRP recommends 1•1 that 'on taking account of the many factors that 
have been shown to influence the absorption of plutonium compounds in 
animal species (maturity, dietary deficiencies, fasting, chemical form), 
a value of 10-3 for f 1 is considered cautious and unlikely to be exceeded 
by a significant amount in any critical group of adults'. Further, it 
is stated that this value 'gives a sufficient margin of safety for 
radiation protection purposes in all situations where the intake cannot 
be described precisely' . From the discussion of limits for occupational 
workers 'precisely' can be interpreted as where 'the chemical and 
physical state of the ingested material can be confidently established' . 

In a quasi-technical sense, there could be a range of views on the 
adequacy of an experimental f, value for soil/ash relative to, say, Pu 
citrate. If we assume that these are in the same ratio of animal 
results on Pu oxide/Pu citrate would this constitute a 'precise' 
description of the soil/ash contamination in terms of the ICRP 
recommendations? 

An overriding problem with respect to f, values for Aboriginals 
living traditionally is the importance of consumption habits (fasting) 
and nutrient status. The anthropologists are attempting a partial 
quantification of these factors. 

Wound Contamination 

The dosimetric strategy to be followed with respect to wound 
contamination is to equate the annual risk coefficient for mortality to 
that equivalent to 1 mSv y-1 • The probabilities covered are: a wound 
being inflicted, the wound becoming contaminated, translocation of 
contamination from the wound site, organ distribution of the 
translocated contamination, and the risk coefficient for the wound site 
and other exposed organs. 

CONCLUDING REMARKS 

The field studies outlined above are derived from ideas contributed 
by TAG members and the individual study leaders. They take account of 
several unique features: 

the lack of even phenomenological descriptions for the events that 
caused the Pu/Am contamination; 
an arid environment; 
land uses that include Aboriginals following a fairly traditional 
life-style; 
uncertainties on how the Aboriginal culture and land-use will change 
over time; 
the more than usual amount of uncertainty that surrounds the 
dosimetric factors and how the recommended values may change over 
time. 

The quality of our predictions can only be judged when we have got 
most of the field data. At the present rate of progress this is 
expected to be in 1989. 
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TRANSFER OF IODINE-131 FROM DEPOSITION-TO-MILK ESTIMATION OF PASTURE INTAKE 
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For most individuals, milk consumption is the most important 
environmental pathway for the transfer of Iodine-131 from fallout to humans 
(Eisenbud and Wrenn 1963, Garner and Russell 1966). In assessments of 
radiological transport of I-131 from fallout deposition to cow's milk, 
knowledge of the fraction of the dairy cow's diet that is due to fresh pasture 
is essential because it is the only portion of the feed that may be 
contaminated to a substantial extent. For studies involving past fallout 
events covering large geographic areas, such as the current effort by the 
National Cancer Institute to assess the exposure to I-131 received by the 
American people during the Nevada Test Site atmospheric weapons tests 
conducted during the 1950's, it is necessary to derive this estimate of 
pasture consumption from past records. These estimates will be utilized in a 
model described in a companion paper presented in this symposium (Bouville et 
al. 1988). 

Information on current pasture feeding practices cannot be used for the 
1950's because the trend toward larger farms and greater daily food intake 
requirements by high milk producing cows has greatly diminished the use of 
pasture feeding on dairy farms (McCullough 1981). Today, in many cases, 
pasture feeding has been replaced by drylot feeding (Ward and Whicker 1987), 
which utilizes little or no pasture grazing. 

In the United States, the only nationwide standardized information source 
for data on the diet fed to dairy cows is provided by the Dairy Herd 
Improvement Association (DHIA). Farmers participating in this program report 
the weight of the cows, the milk production, the fat content in the milk, the 
amount of concentrates, succulent and dry forages fed to the cows, and the 
number of days the cows were put on pasture to graze. The DHIA summarizes the 
data in yearly herd averages and calculates both the estimated net energy in 
the diet from the different feeds and the ratio of the amount of energy fed to 
the amount required by the cows. The yearly herd averages, starting in 1953 
for most states, have been stored in computer form. 

From these data, the average daily total net energy intake by cows can 
be calculated and the fraction of the energy intake that is from pasture can 
be then converted to mass of pasture consumed per day. In order to be 
consistent with data values derived by the DHIA during the 1950's and 1960's, 
the methodology presented uses the same assumptions and relationships that 
were used at that time (Wadell 1986 pers. comm.). Current methods employ 
slightly different assumptions. Therefore, the results calculated using 
today's methods (NRC 1978; McCullough 1981; Etgen and Reaves 1978) would be 
slightly different from those presented here. The steps of the calculation 
are shown in equations 1-6, below. 

The net energy intake, NE (Meal), needed by lactating cows is the sum of 
the net energies needed for maintenance of the body, NEm' and milk production, 
NE : 

p 

NE NE + NE . 
m P (1) 
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The net energy needed by lactating cows for maintenance of the body is a 
function of the average body weight, BWT, of the cow: 

NE m [0.012 X BWT] + 0.83, (2) 

where NEm is expressed in Meal and BWT in kg. The net energy needed to 
produce milk, Meal, depends on the percentage of fat in the milk, FATPC, and 
on the daily milk yield, MY, in kg. It is calculated by: 

NE = [(0.09 x FATPC) + 0.35] x MY. (3) 
p 

The daily milk yield is determined by dividing the reported total yearly milk 
production by the number of days in the year. 

The actual amount of energy fed to the cow is usually greater than the 
calculated net energy intake requirement, in order to account for the 
additional energy expended during the normal activity of the animal. The feed 
index, FI, defined by the DHIA as the ratio of energy that is actually fed to 
the cow to the calculated requirement, ranges from 1.05 to 1.15 in the 
Northeast and is used to estimate the total net energy fed, NEfed (Meal), to 
the cow: 

NEfed = NE x FI. (4) 

The yearly aver$e of the daily pasture intake, PI , in kg (dry matter), is 
estimated as: y 

PIY = [NEfed x NEPAST) x CF, (5) 

where NEPAST is an estimate of the fraction of the cow's net energy intake 
that is from pasture in a given year, and CF is a conversion factor from Meal 
to kg (~fY matter). For the purpose of this study, an average value of 1.47 
Meal kg has been adopted for CF on the basis of the relevant data for the 
major pasture types (NRC 1978). 

The annual averages of pasture intake, for each of the northeastern states, 
were calculated using the method described above with the computerized data 
available from 1953 to 1964. The results showed a significant increase in 
pasture intake after 1958. It is unlikely that the pasture portion of the 
diet increased during the late 1950's because the use of pasture feeding was 
declining during that time (Ward and Whicker 1987). However, it has been 
speculated that this increase could be due to changes in data collection or 
tabulation that may have occurred when the DHIA records were computerized in 
1959 (Wadell 1986 pers.comm.). Since it is unknown if the estimates reported 
before or after 1958 are more representative, the average and standard 
deviation of the complete data set are being used. 

Using the 26,800 records available for the state of Pennsylvania, from 
1953 to 1964, as an example, it was found that the average DHIA cow weighed 
683 kg and produced about 15 kg of 4.0% butterfat milk per day. Virtually all 
of the farmers reporting to the DHIA put their cows out to pasture during the 
year. The total daily net ene:TY intake averaged over the whole year, NEfed' 
was calculated as 19.1 Meal d ; the value of NEPAST,the net energy from 
pasture, was 14.9%. Converting the net energy intake to mass ~t intake, it 
was found that the daily total dry matter intake was 13.4 kg d , i~Iluding 
the daily pasture intake averaged ~yer a year, PI , of about 2 kg d_

1
. The 

total dry matter intake, 13.4 kg d falls withinythe 10 to 20 kg d range of 
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reported values for dry matter intake of dairy cows (Morrison 1961; Koranda 
1965; NRC 1978; CES 1979; Ward and Whicker 1987; Leaver 1985). 

The pasture intake usually occurred only during a defined pasture season 
each year so the length of the pasture season must be used to estimate the 
average daily intake during the time of grazing. The pasture season length 
was estimated, in each state, from the reported DHIA values, USDA Extension 
Dairy S··acialists advice, and other sources. The average daily pasture intake 
during 1e pasture season, Pis, in kg, is calculated by: 

PI 
s 

PI X (DY/PD), 
y 

(6) 

where DY is the number of days in a year and PD is the number of pasture days. 

Daily intake of pasture is not constant during the pasture season. 
Information on the monthly variations of feeding practices in each state was 
also obtained from the USDA Extension Dairy Specialists. The preliminary 
estimates of daily pasture intake by month for Pennsylvania are shown in 
Fig. 1. As is illustrated, the cows were out on pasture by the beginning of 
May through most of October, for an estimated 176 days. The peak pasture 
season occurs during the spring and early summer, and pasture intake drops 
during the heat of the summer as a result of the decrease in pasture quality. 
During the peak of the pasture season in Pennsylvania, the pasture intake is 
estima~Id to be about 50% of the cow's total dry matter intake or about 
7 kg d • 
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Figure 1. Preliminary estimates of pasture intake of dairy cows in 
Pennsylvania, USA during the 1950's and early 1960's. 

Unfortunately, the percentage of net energy from pasture is no longer 
reported by the DHIA, so a direct comparison cannot be made between past and 
present pasture practices. A decrease in pasture utilization is however 
apparent from the number of farmers using dry lot feeding and the shorter 
pasture season reported by the farmers that put their cows on pasture. 
Virtually all of the farmers during the 1950's and 1960's reported some 
pasture feeding, but only about 75 percent of the 6100 records collected in 
Pennsylvania during 1985 reported days on pasture for their herds. For these 
farmers, the pasture season averaged 107 days a year, which is about two 
months shorter than the average valula~~ted for the 1950's. 



Total dry matter intake also varied between past and present practices. 
For example, in Pennsylvania during 1985, the average DHIA cow was smaller 
(544 kg vs 683 kg) and produced more milk per day (23.4 kg vs 15 kg), with a 
lower butterfat content (3.7% vs 4.0%), than a cow 2 to 3 decades earlier. 
Using current methods of calculation (NRC 1978) and the 1985 average values 
presented above, an estimate of the total daily dry matter intake of 15.8 kg d-l 
is calculated. This shows that even though pasture intake may be providing a 
smaller part of the total diet of dairy cows today, the total daily intake has 
increased. 
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2 Lawrence Livermore National Laboratory, Livermore, CA 94550 
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Public law 97-414 directs the United States Secretary of Health and 
Human Services to "conduct scientific research and prepare analyses necessary 
to develop valid and credible assessments of the exposure to I-131 that the 
American people received from the Nevada atmospheric bomb tests". The 
National Cancer Institute (NCI) was requested to respond to this mandate. In 
so doing, a task group, established to assist the NCI in this effort, 
suggested that it might be possible to estimate, for each of the most 
important tests, the I-131 exposures from fallout for representative 
individuals in and for the populations of each county of the contiguous U.S. 

The main pathway to man from fallout I-131 is, for most individuals, via 
the grass-cow-milk chain. In order to assess I-131 exposures for persons in 
each county of the contiguous U.S. the following estimates must be made: 
* the activities of I-131 deposited on soil and pasture grass, 
* the resulting I-131 concentrations in cows' milk, and, 
* the quantity of I-131 ingested by man. 

The most significant atmospheric weapons tests with respect to fallout 
occurred in the 1950's, during which time most of the monitoring of 
environmental radioactivity consisted of gross beta or gamma measurements. 
·Assessments of exposures due to I-131 can be inferred from the original 
measurements of gross beta or gamma activity, from current or past 
measurements of radionuclides other than I-131, or from mathematical models. 

ESTIMATION OF DEPOSITION DENSITIES 

Re-analysis of historical monitoring data and meteorological modeling 
are two complementary methods which we use to estimate the I-131 that was 
deposited on the ground across the U.S. following each test. For both 
approaches, the assumption is made that the I-131 was in particulate form. 
Review and re-analysis of historical monitoring data 

Monitoring of long-range fallout deposition in the U.S. in the 1950's 
was carried out primarily by the Environmental Measurements Laboratory (EML) 
in cooperation with the U.S. Weather Service (Beck 1984; Beck et al. 1988; 
Harley et al. 1960). The EML deposition network across the U.S. evolved 
gradually from 10 locations with trays of water in 1951 to 93 locations with 
gummed-paper collectors in 1952, and finally to about 100 locations at which 
gummed-film collectors were used. Usually two films were exposed during a 
24-h period beginning at 1230 GMT. The geographical coverage of the gummed
film network was relatively homogeneous over the contiguous U.S. The samples 
collected were ashed and counted for total beta activity. 

Beck (1984) reviewed and re-analyzed the available gummed-film data that 
could be found in the HASL/EML archives, together with other, less extensive 
fallout data, in order to derive depositions of Cs-137, I-131, and I-133. The 
resulting data set includes daily depositions of I-131 at about 100 locations 
in the U.S. during most of the atmospheric testing period. Those I-131 
depositions are associated with information on the amount of precipitation 
measured during the same 24-h periods. Some of the gummed-film results have 
been reported (Beck 1984, 1988). The deposition densities in counties 
without monitoring stations are estimated with interpolation techniques that 
take into account the daily amounts of .l?recipitation. 
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Meteorological modeling 
The radioactive cloud that is formed after an atmospheric detonation 

near the ground surface usually extends from the ground surface to the 
highest layers of the troposphere and occasionally reaches into the 
stratosphere. The dispersion of the radioactive cloud has been analyzed for 
each important atmospheric test using routine maps, provided twice a day by 
weather services, depicting airflow at constant pressure levels. These maps 
were used to construct 6-h trajectories of air parcels moving across the U.S. 
at several altitudes. The amounts of I-131 contained in the various segments 
of the radioactive cloud are assumed to remain confined between the altitudes 
of adjacent trajectories unless they are partially removed by wet 
precipitation processes. The calculation of the fraction of I-131 that is 
removed from the cloud segment by precipitation is carried out with an 
empirical method based on the use of relationships between the column content 
of I-131 in the overhead cloud and the I-131 deposition estimated from 
gummed-film data. 

This approach is used primarily to validate the results obtained by 
interpolating the monitoring data. A detailed description of the 
meteorological modeling can be found in Hoecker and Machta (1988). 

ESTIMATION OF THE I-131 CONCENTRATION IN FRESH COW'S MILK 

The time-integrated concentration in milk (IC) corresponding to a unit 
deposition density on the ground (DG) on a given day and in a given county is 
estimated as: 

IC = DG • F/Y . Teff . PI . Fm ( 1) 

in which F/Y is the mass interception coefficient [m
2 

kg-
1

(dry weight)], T ff 
is the effective half-time of re~yntion by the vegetation (days), PI is th~ 
pasture intake [~T(dry weight) d ), and Fm is the intake-to-milk transfer 
coefficient (d L ). These four parameters are discussed in turn. 
Interception coefficient 

The fraction of I-131 radioactivity intercepted by vegetation (F), or 
the interception coefficient, is estimated to vary as a function of the 
standing crop biomass (Y) according to the relationship proposed by 
Chamberlain (1970): 

F = 1 - -a Y e (2) 

where the foliar interception constant (a) represents the influence of all 
other, less important, parameters. 

On the basis of numerous experiments with small-sized aerosols, the 
numerical value of a, for dry2dep~~ition conditions and long-range fallout, 
is taken to be equal to 2.8 m kg (dry weight); for short- and intermediate
range fallout, account is taken of the variation of a with particle size and 
therefore with distan2e f:ym the detonation site. Simon (1987) estimates that 
the variation of a [m kg (dry weight)] as a function of distanceD (km) can 
be expressed as: 

a(D) = 7.01 10-4 o1 · 1268 • (3) 

In the eastern part of the country, most of the fallout occurred via wet 
deposition processes. There is little information on the influence of the 
amount or intensity of precipitation on the value of a. On the basis of a 
literature review by Voilleque (1986), the variation of a as a function of 
the rainfall amount P (mm), for P > 5 mm, is estimated by: 

a = [E + S/P] Y (4) 
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2 -1 -1 -2 where E = 1.3 m kg (dry weight) and S = 16 mm kg (dry weight) m 
Effective half-time of retention 

After I-131 is deposited on vegetation, environmental removal processes 
(T ) combine with radioactive decay (T ) to reduce the quantity of initial 
co~tamination on the vegetation surfac~ • An effective half-time (Teff) can 
be calculated as: 

T ff = (T • T ) I (T + Tr) e w r w 
(5) 

where T is the radioactive half-life of I-131. Given the short radioactive 
half-life of I-131, the effective half-life T ff is not very sensitive to 
large variations of the environmental half-ti~e T • If the value of T is w w 
assumed to be 14 d, Teff is found to be equal to about 5 d. 
Pasture intake by dairy cows 

The way in which the pasture intake by dairy cows is estimated is 
described in detail in another paper in this Congress (Dreicer et al. 1988). 
The daily pasture intake, averaged over the year, is calculated as: 

PI = CF • NE • FI • NEPAST (6) 

-1 where PI is the pasture intake, expressed in kg d (dry weight), 
NE is the net energy requirement of the cow (Meal), 
FI is the feed index, defined as the ratio of the net energy fed 

to the cow and of its net energy requirement, 
NEPAST is the fraction of the net energy fed to the cow that is 

derived from pasture, and 
CF is the conve:~ion factor from energy to mass, taken to be 

1.47 Meal kg (dry weight). 
All of the elements necessary to estimate yearly averages of the daily 

pasture intake are available from dairy records for a large number of herds 
and for each year of the atmospheric testing period. For the purpose of this 
study, state averages for the entire testing period have been used in the 
determination of the daily pasture intake, averaged over the year. 

Given the short half-life of I-131, it is necessary to determine the 
temporal variation of the pasture intake throughout the grazing season. 
Estimates of the beginning and the end of the pasture season and of the 
fraction of the total diet obtained from pasture each month were acquired for 
each of the 48 states considered, from U.S. Department of Agriculture 
Extension Specialists and other sources. Examples of results are given in 
Dreicer et al. (1988). 
Intake-to-milk transfer coefficient 

The intake-to-milk transfer coefficient F (d L- 1) is the time
integrated concentration in milk per unit acti~ity intake ~~ I-131. -~epor~yd 
values of F for iodine secreted ~~to m~lk range from 2 10 to 4 10 d L 
(Hoffman 19~9). A value of 8.1 10 d L has been adopted in this study; it 
is assumed to be independent of any influencing parameter. 

ESTIMATION OF I-131 INTAKE BY MAN 

The final step of the assessment consists of estimating how much milk 
was produced and where it was consumed. To this end, information was gathered 
on the milk production in each county, on the milk distribution pattern in 
each state, on the delay between production and consumption of milk, and on 
the consumption of milk as a function of factors such as race, age, and sex. 
Time-integrated I-131 concentration in consumed milk 

The amount of milk available for human consumption is estimated for each 
county and apportioned among the following four categories for which 
different delay times between milking and consumption are assumed: 
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* The milk consumed on farm (delay: 1 d) 
* The milk sold for fluid use: 

(a) produced in the same county (delay: 2 d) 
(b) produced in the same region (delay: 3 d) 
(c) produced in another region (delay: 4 d) 

In order to model the local distribution of this milk, each state is 
subdivided into groups of counties (called "regions") determined either by 
the available marketing data, by major population areas, or by state 
topography. The existence of a surplus or deficit of milk in each county is 
determined from the milk consumption needs of the population of the county at 
that time. The surpluses and deficits of milk are first balanced within the 
established regions by distributing the excess milk from the surplus counties 
of the region to the deficit counties of that region. If there still is a 
surplus (or deficit) after this step, the milk is assumed to be shipped to 
(or from) another region. The flow of milk is determined on the basis of the 
available marketing statistics, and the advice of experts. 

The calculation of the I-131 concentrations in consumed milk take into 
account the possible mixing of milk from various origins as well as of the 
radioactive decay which occurs between milking and consumption. 
Activity intake by man 

The collective intake of I-131 is represented by the total activity of 
I-131 contained in the four categories of milk discussed above. Individual 
intakes of I-131 are much more difficult to assess, as they imply that the 
category of milk consumed by that individual is identified, and that the milk 
consumption rate of that individual, which depends upon many factors such as 
sex, age, race and degree of urbanization, is known. For that reason, only 
typical individual intakes are estimated for each county of the contiguous 
United States and for each atmospheric nuclear weapons test which resulted in 
significant fallout. 

REFERENCES 

Beck, H. L. Estimates of fallout from Nevada weapons testing in the western 
United States based on gummed-film monitoring data. New York, NY: U.S. 

Department of Energy; EML-433;1984. 
Beck, H. L.; Helfer, I. K.; Bouville, A. C.; Dreicer, M. Estimates of 

fallout in the continental U.S. from Nevada weapons testing based on 
gummed-film monitoring data. Health Phys., in press; 1988. 

Chamberlain, A. C. Interception and retention of radioactive aerosols by 
vegetation. Atmos. Environ. 4:57-78; 1970. 

Dreicer, M.; Bouville, A.; Wachholz, B. W. Transfer of Iodine-131 from 
Deposition to Milk : Estimation of Pasture Intake. In press (this 
volume); 1988. 

Harley, J. H.; Hallden, N. A.; Ong, L. D. Y. Summary of gummed-film results 
through December 1959. New York, NY: U.S. Atomic Energy Commission; 
Health and Safety Laboratory; HASL-93; 1960. 

Hoecker, W. H.; Machta, L. Meteorological modeling of radioiodine transport 
and deposition within the continental U.S. Health Phys.,in press; 1988. 

Hoffman, F. 0. The coefficient for the transfer of radionuclides from 
animal intake to milk, F • In: A statistical analysis of selected 
parameters for predictin£m£ood chain transport and internal dose of 
radionuclides. Oak Ridge, TN: ORNL/NUREG/TM-282; 1979; p. 64-79. 

Simon, S. L. An analysis of vegetation interception data pertaining to 
close-in weapons test fallout. submitted to Health Phys.; 1987. 

Voilleque, P. G. Initial retention by vegetation of I-131 in wet depositions 
of fallout. Report prepared for the National Cancer Institute; 1986. 

1390 



RADIOACTIVITE NATURELLE ET ARTIFICIELLE DU MOLLUSQUE 
Tridacna maxima EN POLY.NESIE FRANCAISE. 

INTERET DOSIMETRIQUE 

ARNOULD Claude - BADIE Christian - DUCOUSSO Roger 
Commissariat a l'Energie Atomique - IPSN/LESE 

I - INTRODUCTION 

En 1987, des mesures de 210pb et 210po ont ete effectuees sur le benitier 
(Tridacna maxima) preleve sur differents sites de Polynesie, dans le cadre de 
la surveillance biologique de 1' environnement, que la France exerce depuis 
1963. Les mesures portent essentiellement sur deux fractions du mollusque: la 
chair (consomrnee) et les visceres. Par ailleurs, en deux lieux precis: PAPARA 
(district de TAHITI) et TAKAPOTO (atoll des TUAMOTU) trente benitiers ont ete 
recoltes, chaque benitier donnant lieu a deux mesures du seul 210po, une sur 
la chair une autre sur les visceres. 

A titre de comparaison nous montrons l'evolution depuis 1966 de la 
teneur en 60Co de la chair du meme mollusque en deux lieux: TAHITI (marche de 
PAPEETE) et TUREIA atoll situe a 80 km au nord de MURUROA. Le 60co est l'un 
des radioelements artificiels que le benitier concentre le plus efficacement. 

II - METHODE 

2 .1. - Mesure du 210pb. 
Elle s'effectue par spectrometrie ~ sur detecteur GeHP, des echantillons 

lyophilises. Selon la taille des benitiers, l'echantillon represente de 20 a 
200 individus. La limite de detection est voisine de 5 Bq/kg Frais. 

2.2. - Mesure du 210po. 
Elle s 'effectue par spectrometrie a apres mineralisation acide des 

echantillons lyophilises et electrodeposition sur disque en argent. Le 208po 
est utilise comrne traceur. La limite de detection est de l'ordre de 0,04 
Bq/kg Frais. 

2.3.- Mesure du 60co. 
Le 60co est mesure par spectrometrie y, sur detecteur Nai (Tl) des 

echantillons incineres. 

III - RESULTATS 

3.1. - Les tableaux I, II et III rassemblent l'essentiel des resultats 
acquis. En ce qui concerne le tableau I ou la comparaison entre les teneurs 
en plomb et en polonium peut etre menee, les valeurs en 210po ont ete ramenees 
au jour du prelevement en tenant compte d' une part de la decroissance 
radioactive du 210po et de la descendance du 210pb d 'autre part. Par contre 
les tableaux II et III rassemblent des valeurs non corrigees mais homogenes 
entre elles car chaque serie de mesures fut effectuee en une quinzaine de 
jours. 

3. 2. La figure 1 montre 1 'evolution des moyennes annuelles des 
teneurs en 60Co de la chair de benitier a TAHITI et TUREIA. 

IV - DISCUSSION 

4.1. Quelques constatations. 
4.1.1.- Que ce soit dans la chair ou dans les visceres, le 
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plomb et le polonium ne sont pas en ~quilibre: le 210po est presque toujours 
en exces. 

4 .1. 2.- Que ce so it pour le plomb ou pour le polonium, les visceres 
presentent presque toujours les teneurs les plus fortes. 

4.1.3.- Il n'y a pas de corr~lation entre la taille des b~nitiers (done 
leur age) et les concentrations en plomb et polonium (activites sp~cifiques) . 
Par centre - et en cons~quence - les corr~lations sont nettes entre la taille 
et les teneurs globales (activit~s sp~cifiques x poids frais) . 

4.1.4.- Bien que la variabilit~ des teneurs soit grande pour un meme 
site (tableaux II et III) le parametre essentiel semble etre le lieu de 
prelevement: plus d'un facteur 10 entre les ~chantillons de RANGIROA et ceux 
de TAKAPOTO. C'est du moins ce que laissent paraitre les r~sultats au premier 
abord, car en fait cette variation spatiale peut etre aussi due a des cycles 
temporels de grande ampleur. 

4.1.5.- Pour ce qui concerne l'evolution de la teneur en 60Co, on note 
une decroissance reguliere a partir d'un maximum situe dans les deux annees 
suivant le debut des experimentations en 1966. La variabilite des r~sultats 
peut provenir de reinjections de radioactivite artificielle avant 1974, fin 
des essais aeriens, et de fluctuations d'echantillonnage apres. 

4.2. InterAt doaimetrique. 
La consommation de benitiers varie en fonction du lieu geographique, et 

a l'issue d'enquetes alimentaires, les organismes charges de la surveillance 
radiologique de la Polynesie FranQaise (2) ont adopte les valeurs suivantes, 
qui correspondent au maximum d'une fourchette pouvant varier de 1 a 10: 

PAPEETE 
TUREIA (TUAMOTU) 

3,29 kg/an 
36,50 kg/an 

En considerant ces valeurs et les activites moyennes en 210pb (12 Bq/kg) 
et en 210po (41 Bq/kg) figurant dans le tableau I, et la somme des moyennes 
annuelles presentees sur la figure 1, les evaluations suivantes sent 
obtenues: 

LIEU DOSE EFFICACE 
210pb(~Sv/an) 210po(~Sv/an) Total(~Sv/an) 60co ~Sv cumules 66-86 

PAPEETE 54 59 113 0,2 
TUAMOTU (TUREIA) 596 652 1248 19 

Inferieures a la dose maximale admissible pour le public -5000 ~Sv/an
ces doses peuvent se comparer aux 180 ~Sv/an dus au 40K. 

Dans le cas particulier des TUAMOTU les doses atteintes sent du meme 
ordre de grandeur (1000 ~Sv/an) que celles rapportees par BOUVILLE (1) 
concernant certaines zones arctiques et subarctiques. 

La participation de 60Co a la dose efficace delivree aux populations a 
travers la consommation de benitier depuis le debut des essais nucleaires en 
Polynesie FranQaise, est negligeable devant la dose efficace due a la 
radioactivite naturelle. 
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Lieu Tallie Teneur enPb-210 Teneur en Po-21 0 

(BqlkgF) (B ql kg F) 

chair vlsceres chair vi scares 

PbC PbV Poe PoV 

ANAA Gros-3 4,8;t4,7 240±6 20±2 252;t16 

MOOREA Gros-3 8,7::!;4,5 286;t5 44::!;3 417::!;26 

MOOREA Moyen-2 12;t4 186;t5 42±3 424±26 

MOOREA Petit-1 16;t5 184:t6 81;t7 466;t29 

RANGIROA Gros-3 13::!;4 458;t5 106±7 493;t31 

RANGIROA Gros-3 27.±4 382±5 25±2 696;t45 

TAKAPOTO Grosc3 <4,9 54t.4 4,5;t02 67±5 

TAKAPOTO Moyen-2 <4 35±4 5,6±_03 107 .±8 

TAKAPOTO Petit-1 <6 26±4 7,1 ;t04 93.±6 

TEAHUPOO Gros-3 11 ::!;5 174;t6 45;t3 255;t17 

TEAHUPOO Moyen-2 14;t5 112±4 62;t4 294;t18 

TEAHUPOO Petit•1 16;t5 72;t4 82;t5 319+16 

TUBUAI ? 6,2::!;4,1 75±7 45;t2 89±7 

VA IRAQ Gros-3 <5,9 142±4 25;t2 233::!;15 

VA IRAQ Moyen-2 5,8;t4,1 126;t5 23±1 234±_15 

VA IRAQ Petitz 1 7,1::!;4,7 106+5 33+2 293;t18 

Moyenne 12 166 41 296 

Ec:art type 6 123 29 172 

Effectlf 12 16 16 16 

TABLEAU I 
Teneurs en Pb-210 et Po-210 des benltlers en dlfferents sites. 

15~-----------------------------------------------------------, 
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Figure 1: Co-60 dans les benitiers 
(un point .. moyenne de plusieurs valeurs annuelles) 
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CHAIR 

Tallie 

(mm) 

Polds 

Frals (g) 

69 
69 
69 
69 
69 
70 

70 

70 

70 

70 

87 

88 

89 

90 

90 

90 

92 

93 

94 

95 

106 

107 

108 

108 

109 

109 

110 

6 

5,8 

6,6 

6,1 

4,7 

4,2 

5,2 

5,6 

8,7 

7 

9,3 

12,5 

8,4 

9,8 

11,4 

11 

9,5 

15,2 

11,8 

13,1 

17,8 

15,9 

13,4 

16 

15,7 

11,2 

14,9 

110 I 17.7 
110 16,5 

111 18 

MOYENNE 

ECART TYPE 

EFFECTIF 

Teneur Po-21 0 

(Bq/kgF) 

2.1±0,3 

4,2 .± 0,5 

4,3 ± 0,4 

4,3 ± 0,5 

3,6 .± 0,4 

4,3 .± 0,5 

2,3 .± 0,3 

1,,9 ± 0,3 

2,1 .± 0,3 

2.7 ± 0,3 

2,8 .± 0,3 

4,9 .± 0,4 

2,5 ± 0,3 

4,9 ± 0,5 

2,2 .± 0,2 

1,5 ± 0,2 

7,9 ± 0,6 

5,4 ± 0,4 

2,3 ± 0,3 

4,8 ± 0,4 

106 ± 0,2 

2,1 ± 0,2 

1,9 ± 0,2 

3,1 ± 0,3 

3,0 ± 0,2 

2,7 ± 0,3 

3,3 ± ,03 

2,7 ± 0,2 

4,3 ± 0,3 

2,5 ± 0,2 

3,3 

1,4 

30 

TABLEAU m 

VISC ERES 

Polds 

Frals (g) 

5,2 

5,9 

7,2 

7,1 

5,1 

5,2 

5,6 

5,4 

7,5 

5,6 

10,7 

10,2 

11 

10,7 

12,6 

11,9 

16,8 

10,6 

8,7 

20 

17,5 

14,3 

18,5 

21,8 

25,1 

21 

23,8 

22,3 

16,4 

19,4 

Teneur Po-210 

(Bq/kgF) 

50± 6 

n±s 
76 .± 5 

54± 5 

56.± 6 

54.± 5 

71 ± 6 

66 .± 5 

37 ± 6 
83 ± 10 

72:! 7 

89 ± 7 

87 ± 6 

64 ± 6 

68 ± 5 

71 ± 6 

60 .± 5 
109 .± 7 

95 ± 7 

63:! 4 

67 ± 5 
86 ±. 7 

53.± 4 

94 ± 7 

41 .± 3 

69 ± 5 
89 + 7 

69 ±. 5 

61 .± 5 
67 + 4 

71 

17 

30 

Caracterlstlques et teneurs en Po-21 0 des benltlers de Takapoto. 

CHAIR VISC ERES 

Tallie Poids Teneur Po-210 Polds Teneur Po-210 

(mm) Frals (g) (Bq/kgF) Frals (g) (Bq/kgF) 

66 6,4 35 ± 2 3,5 541 ± 36 

67 7,2 59 :t 4 5,3 213 ± 15 

70 5,9 74 ± 5 7,1 509 .± 33 

70 6,7 31 .± 2 3,9 149 .± 12 

70 7,1 46 .± 3 5,6 269 ± 19 

70 6,1 39 ±. 3 7,5 178 ± 15 

70 6 30 ± 2 5,9 131 ± 11 

70 6,5 39 ± 3 5,8 287 ± 24 

70 5,6 54 .t 4 9,7 445 ± 29 

70 5,6 39 ± 3 6,3 230 ± 22 

85 11,8 16 ± 1 15,6 256 ± 16 

90 11,2 19 ± 1 11,3 361 ± 23 

91 11,9 127 .± 8 13,6 271 ± 17 

9 1 12,3 88 ± 5 13,4 275 .± 18 
~ 

92 15,5 45 .± 3 11,5 220 ± 14 a: 
95 12,6 45 ±. 3 9,5 452 :! 29 e"': 

95 8,9 27:! 2 18 296 ± 20 • 
95 10,3 50.± 3 10,3 263 ± 17 

96 10,6 39 ± 2 9 385 ± 25 

96 10,7 48 ± 3 12,5 237 ±. 17 

108 29,9 34 ± 2 28,1 343 ± 21 

112 30,6 31 ± 2 24,6 288 ± 18 

118 26,7 72 ± 4 19,2 256 ± 16 

119 43,4 94 ± 6 29,9 175 .± 11 

120 29,2 87 ±.5 33,3 301 ± 19 

120 23,6 95 ± 6 26,9 164 ± 10 

121 25,8 33 ± 2 28,8 353 ± 23 

127 30,9 75 .± 5 29 355 ± 22 

130 36,2 42 .± 3 24,5 369 ± 23 

131 24,8 28 + 2 48,4 286 + 19 

MOYENNE 51 295 

ECART TYPE 26 102 

EFFECTIF 30 30 
--- --

TABLEAU li 
Caracteristiques et teneurs en Po-210 des benetlers de Papara. 



INTERPRETATION OF INTERNAL DOSE CALCULATIONS FOR DOSE RECORD KEEPING 

J A B GIBSON, R K BULL, M MARSHALL AND J W SMITH 
Environmental & Medical Sciences Division, Harwell Laboratory of the UKAEA 

Oxon, OXll ORA, UK 

INTRODUCTION 

Persons working with radionuclides are exposed to external and internal 
sources of radiation. The fundamental concept of adding the dose equivalent 
from both types of source, devised in ICRP26(l) is embodied in the UK regu
lations produced by the Health & Safety Executive in regulations< 2 ) and a code 
of practice< 3 ). The measurement of external radiation is well established(4 ) 
through the use of film or thermoluminescent dosemeters. Internal dose 
assessment presents many more problems. 

The techniques of whole (or partial) body monitoring are inadequate for 
most actinides, eg 239Pu, at the annual level of intake (ALI)(S) and detection 
in urine and faeces at ,0.1 ALI is only possible in the first few days after 
intake: sampling of the aerosol in the breathing zone is therefore important. 
Rapid variation in the concentration of aerosols and radioactive gases can be 
observed over distances of less than 1 m< 6). Thus it is important to place 
any collector of aerosols (a personal air sampler; PAS) as close to the face 
as possible; usually on the upper chest. The derived air concentration 
(DAC)(S) for some actinides, eg 239 Pu, is such that there are only a few 
particles per m3 to detect and these particles will be randomly distributed in 
time and space. As the activity per particle usually follows a lognormal 
distribution, the activity collected on filter samplers will have a wide 
statistical spread. Other radionuclides do not necessarily present such 
problems and uranium detection by a PAS is probably the most sensitive and 
accurate method of dose assessment. 

This paper will present the models used to provide dose estimates from 
personal air sampling, nose swabs, whole (and partial) body monitoring, 
excretion analysis; followed by an example, Also included are an outline of 
the proposed methods of dose record keeping and an initiative through 
Eurados-Cendos to improve the dose assessment. 

MODEL DEVELOPMENT FOR ASSESSING INTERNAL RADIOACTIVITY 

The model used at Harwell is essentially that described in ICRP3o(S) by 
combining the lung, gut and other organs models. Each compartment is repre
sented by a first order differential equation. There is no indication of 
excretion from organs, other than the gut, so the model includes a choice of 
excretion to urine or faeces from each organ. The excretion model for some 
radionuclides, such as 239Pu, are presented in ICRP10( 7 ) and lOA(S) as multi
parameter function unrelated to particular organs and so the model output has 
been fitted to the function by adding additional compartments with appropriate 
input & output constants. The model has been programmed in two forms: 

(a) a completely analytical solution for one pass through the system; 
(b) numerical form for either one pass or the recycling of material as occurs 

with iodine. 

(It should be noted that the ICRP3o(S) model is designed for dose estimation 
and not as a representation of metabolism including excretion and a better 
model is required.) 
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The input to the body can be via lungs, with variable particle size, 
mouth or injection into the blood. The output from both programs is both 
tabular and graphical and gives the activity in individual organs and sums of 
organ contents, for assessing nose swabs and body monitoring measurements; and 
excretion in urine and faeces: all information as a function of time. Over 
the first few days it is important to integrate the excretion over the day 
rather than take the average organ content times the excretion constant 
because some of the latter are of the order of 0.25 d. 

ANALYSIS OF A URANIUM AND THORIUM CASE 

This is an example of a chronic exposure at various times throughout 
1986, and the case is used for illustrative purposes to demonstrate the 
approach used. A personal air sampler (PAS) is used for all operations which 
involve uranium fuel fabrication. Urine samples are taken at approximately 
quarterly intervals but because the intake is a chronic one it is not possible 
to interpret the urine data directly in terms of intake. Thus for comparison 
purposes, the excretion rate in urine has been calculated from the PAS data 
and is as follows: 

Date 

27.01.86 
17.02.86 
12.05.86 
11.08.86 

3.11.86 
8.12.86 

Bioassay 
Measured 

mBq 

22 
67 

254 

PAS(Y) 
Calculated 

mBq 

0.0 
0.4 
4.3 
1.3 
5.0 

94.7 

Ratio PAS(W) Ratio 
PAS/BIO Calculated PAS/BIO 

(Y) mBq (W) 

0.32 
0.02 11.65 0.53 
0.06 116.3 l. 74 

26.2 l. 31 
0.07 121.9 l. 74 
0.37 2446. 9.62 

There is probably a mixture of classY and W material( 5 ) but since the ALis 
differ by a factor of 15 and the urinary excretion per unit intake is 
approximately 25 times higher for class W than Y, a small amount of class W 
material can change the urinary excretion rate dramatically. 

Taking the conservative assumption of class Y, the resulting total intake 
for 1986 is shown below 

Limit Intake ALI CDE CI Organ 
Nuclide Bq % mSv 

Non-Stochastic 
Nat U 705 35 176 0.35 Lungs 
Th 2.6 0.5 2.4 0.005 Lungs 

Total 36 179 0.36 Lungs 

Nat U 705 0 0 0 Bone Surface 
Th 2.6 2.6 13 0.026 Bone Surface 

Total 2.6 13 0.03 Bone Surface 

Stochastic 
Nat U 705 35 17.6 0.35 Whole Body 
Th 2.6 1.3 0.7 0.01 Whole Body 

Total 36 18 0.36 Whole Body 
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It is interesting to note that the organs for the non-stochastic limits 
are different for uraniwn and thoriwn. Thoriwn contributes a small dose to 
the lungs but there is no contribution to the bone surfaces from uraniwn. Also 
noteworthy is the similarity between compliance indices for non-stochastic and 
stochastic doses. 

DOSE RECORD KEEPING 

The assessment of dose equivalent or more commonly compliance index is 
entered on to the person's record. Compliance intake is defined for 
stochastic, CI(s), and non-stochastic intakes, CI(NS) as: 

CI(S) 
Intake in Bq 

and CI(NS) 
Intake in Bq 

ALI (Stochastic) in Bq ALI (organ) in Bq 

The non-stochastic compliance index may be needed for several organs if the 
person is exposed to several radionuclides and/or external radiation. If a 
person exceeds a total CI(S) or CI(NS) in a year of 0.30 then the exposure(s) 
is investigated by management to ascertain whether doses are being kept as low 
as reasonably practicable (ALARP). There are facilities within the 
regulations to allow an adjustment of the internal dose as more information on 
excretion becomes available. 

The dose record for an individual is already on computer but a new data 
base, Harwell Approved Dosimetry Services (HADES)( 9 ), is being established to 
provide on line information to Health Physicists to enable them to maintain 
day to day dose control. Information from film dosemeters and personal air 
samplers (PASs) is already stored in machine readable form and bioassay data 
will soon be available on the control computer. (Body monitor measurements 
are only made as part of an assessment.) Measurements are at or below the 
threshold of measurement or a CI <0. OS. Results from PASs or bioassay 
measurements are handled automatically and compared to check if they come from 
the same person over the same time period. If there is an indication of a 
significant intake eg PAS > 100 DAC.h, then a detailed dose assessment is made 
based upon all data available. 

HADES is used to combine all external and internal dose data into regular 
reports for the Health Physicist and other reports for the Central Index for 
Dose Information (CIDI) held by the UK National Radiological Protection 
Board(lO). This confidential index starts with a Registration Report to 
notify CIDI of monitoring for an individual; an Entry Report is returned from 
CIDI to provide any previous history on that individual; the Annual Return 
provides summarised doses and classification of the individual to CIDI within 
3 months of the end of the year; a Termination Record notifies CIDI that the 
individual has left employment and gives details of doses received. It is 
hoped that HADES will be fully operational by mid 1988. 

EUROPEAN INITIATIVE TO IMPROVE INTERNAL DOSE ASSESSMENTS 

Eurados-Cendos, whose objectives are to coordinate dosimetry research 
programmes in the EEC through exchanges both within Europe and outside, 
instituted committee 6 on the Assessment of Internal Dose to prepare guidance 
on the interpretation of monitoring data relating to internal exposures of 
radiation workers and the implementation of ICRP recommendations on this topic 
within Europe. The committee drawn at present from the Federal Republic of 
Germany, France and the UK has set up a programme of work to: devise more 
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realistic models for excretion; improve interpretation of air sampling, 
in-vivo monitoring and bioassay data; examine autopsy data in relation to 
intake; ensure cross-frontier compatibility of dose records; provide for 
information exchange on the limited number of cases that arise in the nuclear 
industry in Europe. It is recognised that existing information is sparse and 
any improvement in knowledge of internal dosimetry and metabolism will assist 
European Dosimetry Laboratories in the rapid assessment of cases and so 
improve dose estimates to limit exposure to individuals. 
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HUMAN TISSUE STUDIES OF THE UNITED STATES TRANSURANIUM 
AND URANIUM REGISTRIES: A PROGRESS REPORT 

R. L. Kathren, M. J. Swint and R. H. Moore 
Hanford Environmental Health Foundation, Richland, WA 99352 u.s.A. 

INTRODUCTION 

The United States Transuranium and Uranium Registries are 
parallel human tissue analysis programs dedicated to the study of 
the biokinetics and dosimetry of uranium and the higher actinides 
in man. Both are operated by the Hanford Environmental Health 
Foundation under contract to the u.s. Department of Energy. The 
U. S. Transuranium Registry (USTR) began in 1968 as the National 
Plutonium Registry. In 1970 the name was changed to reflect a 
broader programmatic concern with the other transuranic elements. 
The U. s. Uranium Registry (USUR) was established in 1978. 

To evaluate human experience with the actinides, both Regis
tries rely on voluntary donation of selected tissues or, in cer
tain cases, the whole body after death. The routine autopsy tis
sue protocols of both Registries are basically the same and 
involve collection of tissues in which the actinides are known to 
concentrate. These include the liver, lungs and tracheobronchial 
lymph nodes, samples of bone, and kidney. Details of the autopsy 
protocol as well as the general operation of the Registries have 
been previously described (Breitenstein 1981; Kathren 1987; Marks 
1981; Moore and Breitenstein 1983; Swint and Kathren 1986). 

TRANSURANIUM ELEMENTS IN THE SKELETON 

From the earliest studies, the skeleton has been identified 
as a major depot for plutonium and the higher actinides. Accord
ingly, the skeleton is a major area of emphasis of the human tis
sue studies of the USTR. One of the earliest findings related to 
human skeletal deposition of plutonium and americium was reported 
last year and described a clear inverse proportionality between 
calcium content (as represented by the ratio of ash weight to wet 
weight) and the concentration of Pu or Am in the ash (Kathren, 
Mcinroy and Swint 1987). Review of previously published data 
revealed a similar relationship in monkeys but not dogs. This 
study has now been extended to four whole bodies; in three of 
these cases, data are available for both Pu-239, 240 and Am-241 
while only Am-241 was measured in the fourth. All four cases 
were occupationally exposed individuals in whom exposure had 
occurred two or more decades prior to death. Inhalation was the 
route of entry in three cases; in the fourth, a wound some 25 
years prior to death was the primary source of exposure. The 
inverse proportionality was found to hold generally for the 
entire skeleton for both nuclides in all four cases and, with 
few exceptions, for individual bones and groups of bones as well. 
Excellent linear correlation was found in the long bones (-0.81 < 
r < -1.0 ); the poorest correlation was found in the ribs. This 
relationship suggests that the quantity of Pu or Am in the entire 
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skeleton can be estimated with reasonable accuracy from radioche
mical analysis of a few (and perhaps even a single) bone samples. 

Am and Pu distributions throughout the skeletons of all four 
cases were similar. The percentage of Pu or Am activity in cer
tain specific bones or groups of functionally related bones (e.g. 
hand phalanges) relative to the total activity in the skeleton 
was remarkably constant and correlated well with the percentage 
of the total skeletal wet weight. This is an important finding 
in that it enables good estimates of the total skeletal burden to 
be made from a single bone. The patella is particularly well 
suited to this purpose; it is easily obtained at autopsy and was 
found to contain 0. 36 ± 0. 04 per cent (0. 72 ± 0. 07 for both 
patellae) of the total skeletal burden. 

To better evaluate leukemogenic risk from skeletal deposi
tion of actinides, the USTR has undertaken a study of the amount 
of plutonium in the bone marrow relative to that in the rest of 
the skeleton. The first phase of this work, now complete, was an 
evaluation of various extraction techniques for separation of the 
organic and mineralized components of bone. Vertebral bodies from 
an individual known to have had occupational exposure to pluton
ium were used for this study. Ethylenediamine extraction provi
ded the most complete separation of the organic component, remov
ing not only the red and yellow marrow but the periosteum and 
endosteum as well. Mechanical removal, either by sonication in 
saline or washing out the marrow cavities with a water jet·were 
about equally effective and seemed to remove the cellular marrow 
and associated fat and water. The water jet also appeared to 
remove small spicules of bone, and hence a small amount of the 
inorganic component as well. The poorest method was autoclaving, 
which appeared to remove only the yellow marrow. 

This study revealed only a small fraction of total skeletal 
plutonium--on the order of 3%--was contained in the marrow. The 
dose to the marrow is thus relatively low by comparison with the 
dose incurred by the rest of the bone suggesting the risk of 
solid bone tumors such as osteosarcoma from skeletal deposition 
of plutonium is several fold greater than the risk of leukemia. 
The study also implied the dose to the sensitive cells lying on 
the bone surfaces--the periosteum and endosteum--may be several 
fold greater than the dose to other portions of the skeleton sug
gesting these tissues may, in fact, have the greatest risk. 

BIOKINETIC MODELLING OF PLUTONIUM AND AMERICIUM IN MAN 

The importance of human tissue data for biokinetic modelling 
cannot be understated. Evaluation of the first whole body dona
tion led to important findings with respect to the metabolism and 
fate of Am in the body, and a detailed analysis was the subject 
of a special issue of Health Physics (Roessler 1985). Prelimi
nary evaluation of the radiochemical results from three subse
quent whole bodies, all Pu exposure cases, generally supports the 
ICRP 30 and ICRP 48 models with respect to initial partitioning 
of plutonium between skeleton and liver. 

Evaluation of Pu-238, Pu-239+240 and Am-241 concentrations 
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and content in the skeleton and liver of more than 40 occupation
ally exposed chronic inhalation cases for whom suitable samples 
had been collected at autopsy revealed different partitioning 
between skeleton and liver for each of the three nuclides. For 
Am-241, the mean ratio of activity in the skeleton relative to 
that in the liver was 3.14; for Pu-238 and Pu-239 the correspond
ing ratios are 1.73 and 1.14, respectively. Only the Pu-239 data 
fit the ICRP model well. More significantly, the data suggest 
that Pu-238 and Pu-239 may be handled differently within the 
body, an observation that could have significant implications for 
dosimetry and standards setting. Further mathematical evaluation 
of these data indicates the differential partitioning between the 
two plutonium isotopes may be attributable to a much shorter 
effective half-time for Pu-238 in the liver as compared with Pu-
239. On the basis of these data, the effective half-time for Pu-
238 in liver has been calculated to lie somewhere in the range 4-
9 years. This value should be compared with the values of 40 and 
20 years for the biological half-time in liver for plutonium ir
respective of isotope given in ICRP Publications 30 and 48, 
respectively. 

In another study involving postmortem analyses of tissue 
from former plutonium workers, the USTR is examining the activity 
in the lungs and tracheobronchial lymph nodes in relation to the 
applicability and appropriateness of various lung models. The 
results to date are as yet preliminary but indicate relatively 
large, long-term depots in the lungs and tracheobronchial lymph 
nodes. As this study progresses, it may provide important new 
insights into lung clearance of plutonium in occupationally 
exposed persons. 

Finally, the comparison of postmortem tissue depositions 
with estimates made in-vivo from either direct counting or 
excreta analysis with suitable models, merits some mention. In a 
study just published (Kathren, Heid and Swint 1987), it was 
observed that autopsy estimates of systemic plutonium were typi
cally several fold lower than estimates made in-vivo using urin
ary excretion data and various models. The magnitude of the 
discrepancy was inversely related to deposition; typically the 
smaller the estimated deposition, the greater the discrepancy. 
For depositions estimated to be in the KBq region, the autopsy 
and in-vivo estimates were relatively close; for autopsy esti
mates of a few tens of Bq or less, the in vivo estimates were on 
the order of 5 to 10 times greater. 

URANIUM KIDNEY TOXICITY 

Despite more than a century of human studies with uranium, 
there are still unresolved questions with respect to kidney toxi
city of this element, and there have been few, if any, direct 
studies of kidney pathology in uranium workers. In an effort to 
evaluate the possible long-term nephrotoxicity of uranium, the 
U.s. Uranium Registry submitted histological kidney specimens 
obtained at autopsy from four registrants with known occupational 
uranium exposure and similar samples from 5 persons without known 
exposure to a pathologist skilled in recognizing renal tissue 
changes associated with uranium toxicity. Occupational uranium 
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exposure was estimated from urinary excretion data to be below 
detectable limits in two cases and a few milligrams in the high
est exposed individual. All registrants had working lifetimes 
with uranium in excess of 20 years. The consultant pathologist 
was asked to review the slides for toxic changes which might be 
attributable to uranium. These histopathologic changes repre
sented the residue of a mild chronic toxic process, i.e. tubular 
atrophy, patchy chronic inflammation, tubular dilatation, calci
fied tubular casts and hydronephrosis. He was unable to recog
nize specific histological changes that would reliably discrimin
ate between the two groups. Although inconclusive to date, this 
project is being enlarged to encompass registrants with larger 
tissue uranium depositions. 
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INTAKE RETENTION FUN~TIONS AND THEIR APPLICATIONS TO 
BIOASSAY AND THE ESTIMATION OF INTERNAL RADIATION DOSES 

K. W. Skrable, G. E. Chabot, C. S. French, and T. R. La Bone 
University of Lowell, Lowell, Massachusetts 01854 

INTRODUCTION 

Intake retention functions that give the fraction of an 
intake expected to be present in a specified in vivo or in vitro 
bioassay compartment at any time after a single acute exposure 
or after the onset of a continuous exposure are needed for the 
proper design and conduct of bioassay programs. This paper 
summarizes the derivation of these functions from a multi
compartmental model and a recursive catenary kinetics equation 
that completely describe the metabolism of radioelements from 
intake to excretion, accounting for the delay in uptake from 
compartments in the respiratory and gastrointestinal tracts and 
the recycling of radioelements between systemic compartments. 
Because the metabolic model of a worker will not in general be 
known and because bioassay data from an exposed worker generally 
is not sufficient to obtain the worker's model, we recommend 
that ICRP Publication 30 or any other appropriate metabolic 
models or excretion functions be used to obtain parameter values 
for our model. In a separate paper we show how to transform a 
known excretion function into a pseudo systemic uptake retention 
function and pseudo constant fraction of systemic excretion, 
which then can be incorporated into our model and algorithm 
directly(l). The estimation of intakes and internal radiation 
doses and the use of intake retention functions in the design of 
bioassay programs are discussed along with several examples in 
the oral presentation of this paper at the 7th IRPA Congress. 

MODEL DESCRIPTION 

The multicompartmental model describing the metabolism is 
depicted in Figure 1 by various one-way catenary pathways from 
intake to excretion. Intake pathways can include, for example, 
inhalation, ingestion, and absorption from a wound. The word 
catenary refers to a chain of compartments, and a one-way 
catenary system means one in which the radioelement is modeled 
to move in only one direction. The last compartment of all 
catenary systems is designated in Figure 1 as the •total 
excretion compartment', which may be thought of as a 'bucket' 
where all excretion is collected. Although only one-way 
transfers between compartments are depicted, the model does in 
fact account for the recycling of elements between systemic 
compartments by use of a systemic uptake retention function for 
the whole body whose parameter values incorporate this 
recycling. This function is shown at the bottom of Figure 1 as 
a sum of m exponential terms. The word compartment is used in 
its mathematical sense, and it may or may not represent a real 
structured physiological entity in the body. 
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Figure 1. Catenary pathways from intake to excretion. Respiratory 
tract compartments are 'a' to 'j' inclusive. Gastrointestinal 
tract compartments are 1 to 4. The stable element uptake 
retention function Rs(t) for the whole body is given by a sum 
(i=l to m) of exponential terms with constant coefficients Cis, 
which give the effective fractions of an uptake U that deposit 
in each ith systemic compartment. Each ith exponential 
exp(-ait) of R8 (t) is treated as a deposition retention function 
of a systemic catenary compartment, which is cleared directly to 
systemic excretion E at an instantaneous fractional rate given 
by the eigenvalue or effective rate constant ai of the 
exponential term. The fractions Ff and (1-Ff) are the effective 
fractions of systemic excretion by the fecal and all other 
excretion pathways respectively. 
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Arrows in Figure 1 shown leaving a compartment indicate the 
specific compartmental biological removal pathways, each of 
which is characterized by a specific biological translocation 
rate constant. In addition, radioactive elements are removed 
from each compartment by radioactive decay, which is implicit 
and characterized by the decay constant >. of the particular 
radioelement. Because the metabolism can be described in terms 
of simple one-way transfers between compartments composing 
various catenary systems, the recursive catenary kinetics 
expression shown below by Equation 1 can be used to obtain 
explicit equations for the fraction of an intake expected to be 
present in ~ll in vivo and in vitro bioossay compartments of 
interest. Although this description of the metabolism may seem 
oversimplified, it is mathematically consistent with more 
sophisticated models that rely on the use of convolution 
integrals for predicting the contents of systemic and excretion 
compartments following intakes. 

CATENARY KINETICS EQUATION 

By application of the following catenary kinetics equation 
to the model depicted in Figure 1, the fraction of an intake I 
expected to be present in an in vivo or an in vitro (i.e., 
accumulated excretion) compartment of interest is obtained: 

""' n-1 ~ exp(-k.t) 
= ~ F c II kp 'p+ l ~ J 

C p=1 j=1 n 
II c k -k. ) 
P= 1 p J 

i ( t) 
n 

( l) 

p;tj 
where: 

in(t) = <qnCt)>/I = fraction of acute intake I of radioelement 
expected to be present at time t in nth compartment as a result 
of contributions from all chains C, 

<qn(t)> = expected content of radioelement in nth compartment, 

Fe = fraction of intake deposited in first compartment of chain C, 

kp,p+l = rate constant giving the instantaneous fraction of the 
content of compartment p translocated per unit time to the 
(p+1)th compartment, 

kj = rate constant describing total removal of radioelement from 
jth compartment and given by Kj + A, where Kj is the total of 
all biological translocation rate constants and A is the decay 
constant, and 

n = numerical index for that catenary compartment in chain C 
whose intake retention function is being obtained. 

After values are substituted for the deposition fractions 
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Fe and rate constants in Equation 1, factors are multiplied, and 
the resulting coefficients of common exponential terms are 
added, then the intake retention function is expressed by a 
simple sum of exponential terms with constant coefficients. The 
coefficients are independent of the decay constant or half-life 
of the radioelement; so, they also apply to the intake retention 
function for the stable element, which can be obtained from 
Equation 1 by replacing each total removal rate constant k· in 
each exponential by the total biological removal rate constant 
Kj. 

OTHER INTAKE RETENTION FUNCTIONS 

By applying the general catenary kinetics equation to the 
appropriate chains in Figure 1, single acute inhalation intake 
retention functions can be obtained for specific organs, organ 
systems, and excretion by summing the functions for the 
appropriate compartments. This includes: (1) the nasal passage 
(compartments a and b), (2) the lungs (compartments c-j), (3) 
the GI tract (compartments 1-4), (4) the systemic whole body 
(compartments lS-mS), (5) a specific systemic organ x, e.g., the 
thyroid, by replacing Rs(t) in Figure 1 by the organ's stable 
element uptake retention function Rx(t) expressed by a sum of m 
exponential terms with constant coefficients (compartments 
lx-mx), (6) accumulated total systemic excretion (compartment 
E), (7) accumulated total fecal excretion (compartment 5), (8) 
accumulated urinary excretion (~ times the intake retention 
function for compartment E if Fu is constant or if a pseudo 
function R8 (t) and pseudo constant Fu value are used), and (9) 
the total body (the sum of (1) - (4) above). 

Once the single acute intake retention functions have been 
determined for the radioelement, other functions such as con
tinuous intake functions, incremental excretion intake functions 
for single or continuous intakes, excretion rate intake 
functions for single or continuous intakes, and functions that 
yield the number of disintegrations in any in vivo compartment 
can be obtained by simply replacing the exponentials in the 
terms for the single intake functions by another time function. 
We have summarized these replacement functions and have 
discussed their applications in a more detailed manuscript of 
the subject of this paper, which we will provide upon request. 
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COMMENTS ON THE RAT LUNG AS A HUMAN SURROGATE 
IN WHALATIOU STUDIES 

Laszlo Koblinger 
Central Research Institute for Physics, Budapest, Hungary 

Werner Hofmann 
University of Salzburg, Salzburg, Austria 

IUTRODUCTION 

The laboratory rat is often used as a surrogate to estimate the 
hazard to human health following inhalation exposure to a~:~bient aerosols. 
Extrapolation of rat deposition data to humans depends, however, on the 
similarities and differences between the morphometric structures of the 
two airway systems. The main structural difference between the lungs of 
the two species, aside from dimensions per se, is their respective airway 
branching pattern: while the human lung is a rather synoetrically, 
dichotomously dividing systeo, the rat network is a more monopodia! 
branching structure (Yeh et al. 1979). 

In our stochastic modeling approach (Koblinger and Hofmann 1986) 
to defining suitable morphologies for human and rat lung, we utilize 
r.1easured morphometric dimensions as the data base upon which a rigorous 
statistical analysis is performed, instead of forcing them into a fornalized, 
average pathway scheme. This stochastic approach allows us, therefore, 
to account for structural irregularities, such as asymr.1etric branching, 
monopodia! structure, and inter- and intra-subject variability. 

STATISTICAL ANALYSIS OF MORPHOl\lETRIC DIFFERENCES 

Our comparison between the human and rat lung will focus on the 
symmetry I asymmetry aspect of the branching pattern in the tracheo
bronchial (TB) region and on the applicability of the generation concept 
to characterize properly the position and physiologic function of each 
airway in the respective syster.1 of bifurcating generations. Morphor.1etric 
data for both tracheobronchial regions have been derived fror.1 measure
ments on silicon rubber replica casts at the Lovelace Inhalation 
Toxicology Research Institute (Raabe et al. 1976). The cor.1non origin 
of both data sets, i.e. , using the same laboratory techniques for the 
human and rat lung, facilitates the interspecies comparison of data. 

For a symmetric branching scheme of airways of circular cross 
section, the theoretical ratio of the parent-to-daughter (both daughters) 
cross section is 0. 794 (D 'Arcy Thompson 1942). Our calculated average 
value for fuman bronchial generations 6-17 of 0.82 (Koblinger and 
Hofmann 1985) is close to the symmetric value, suggesting that the 
human TB tree is reasonably approximated by a dichotomous, syrametric 
airway system. 
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A distinct asymmetry of the TB branching pattern, however, is 
found in the rat lung. In Fig. 1 the cumulative distribution functions 
for the ratios of the major daughter-to-parent and minor daughter-to
-parent diameters are plotted for different parent airway diameters. A 
consistent difference between major and minor daughters is apparent 
for all parent diameters, illustrating a more asymmetric structure of 
the rat TB region relative to the human. An additional indicator of 
structural asymmetry is the distribution of branching angles for major 
and minor daughters, shown in Fig. 2. In the rat lung, in most cases, 
major daughters deviate from the parent by only a small angle, whereas 
minor daughter branching ang-les are much larger. This is a clear 
indication of the monopodia! structure of the rat tracheobronchial region. 
There is another important interspecies difference in the respective 
branching patterns: in the rat lung the branching angles are practically 
independent of the generation number, while in the human lung branching 
angles decrease with increasing generation number. 

l.Or---,----r--~---.----r---~---r---r~~~~~-=~~,.~-r--1 
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Figure 1 Cumulative distribution functions for major daughter-to-parent and 
minor daughter-to-parent diameter ratios for different parent 
diameters (in 0.1 mm units) in the rat lung. The curves denoted 
by 5+ contain all parent diameters > 0. 5 mm, for curves do not 
change significantly above 0. 5 mm. 
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Figure 2 Cumulative branching angle distributions for oajor (panel A) and 
minor (panel B) daughters plotted versus generation number for 
arbitrarily selected branching angles. Solid lines denote rat lung, 
broken lines signify human lung. 

Let us now investigate the termination probability, i.e. , the 
probability that an airway of given linear dimensions or generation number 
is the terminal bronchiole and that the following airway belongs already 
to the alveolated, acinar region of the lung. For the huoan lung the 
termination probability depends on diameter and generation nuober: at a 
given diameter, it increases with increasing generation number and, for 
a given generation, it increases with decreasing diameter (Koblinger and 
Hofmann 1985). 

In the rat lung the teroination probability depends practically only 
on airway diar,1eters but not on generation numbers; thus, the generation 
concept provides an inadequate description of the oonopodial structure 
of the rat lung. 

Considering all the arguoents above, we propose to classify 
bronchial airways in the rat lung by their diameters (or diameter classes), 
and not by their generation numbers. 

CONCLUSIONS 

The statistical analysis has shown the above mentioned structural 
differences. The question, whether the rat lung is an applicable 
surrogate for human lungs for inhaled particles deposition calculations 
can be answered after comparing results calculated by the use of the 
two airway geometries. 
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We intend to carry out such comparative calculations with our 
stochastic lung model, in the near future. 
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INDOS - AN INTERNAL RADIATION DOSIMETRY ASSESSMENT COMPUTER CODE 

C.S. French, K.W. Skrable, G.E. Chabot, and T.R. LaBone 
University of Lowell, Lowell, Massachusetts 01854 

INTRODUCTION 

Bioassay is the final quality control procedure that is 
used to assure adequate protection of workers from internal 
radiation exposures. Intake retention functions, which give the 
expected fraction of an intake in a bioassay compartment, are 
needed for the proper design and conduct of bioassay programs, 
including the interpretation of bioassay data in terms of 
estimated intakes and internal radiation doses. In cases of 
accidental exposures, estimated intakes can be compared to 
either regulatory intake limits or the ICRP Publication 30 
Annual Limits on Intakes CALis). The quotient of an estimated 
intake of a radioelement by its stochastic based ALI value when 
multiplied by 0.05 Sv gives an estimate of the whole body 
committed effective dose equivalent. This dose assessment of 
bioassay data can be used to identify those exposures that 
requir·e further investigation from those that do not require 
such action and expenditure of time and resources. 

This paper describes the main features of a bioassay/ 
internal dosimetry IBM PC computer code called INDOS, which 
provides a rapid and efficient way of calculating values for 
intake retention functions and estimating intakes from bioassay 
data, including a complete documentation of all input and output 
data used in each individual exposure case. The derivation of 
the intake retention functions is outlined in a companion paper. 
Examples of the input and output from actual exposure cases are 
shown in the poster session for this paper. A demonstration 
diskette, which allows evaluation of essentially all features of 
the actual INDOS software, is available from the authors upon 
request. 

INTAKE RETENTION FUNCTIONS 

As shown by Equation 1 and Figure 1 of our companion paper, 
intake retention functions for all in vivo and in vitro bioassay 
compartments are obtained by application of a-single catenary 
kinetics equation to a multicompartmental model that describes 
the metabolism of radioelements from intake to excretion. For a 
single acute intake, functions are expressed by sums of 
exponentials with constant coefficients, including the function 
for an accumulated excretion compartment. The coefficients of 
the exponentials are independent of the decay constant A of the 
radioelement; so, they also apply to the intake retention 
function for the stable element. Replacement functions for the 
exponentials provide an efficient way of calculating the values 
for other types of intake retention functions that are described 
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in INDOS. For example, the exponential exp(-kt) in each term of 
the radioelement accumulated urine function, which gives the 
fraction of a single acute intake that is expected to be present 
in the accumulated urine compartment, is replaced by 

[ 
-(k-A)t -(k-A)(t-~t)] -At e -e e 

to obtain the incremental urine 
fraction of a single acute intake 
t in an incremental sample of 
(t-~t) to time t after the intake, 

function, which gives the 
expected to be present at time 
urine that is collected from 

where: 

k = K+A = total removal rate constant, which is shown to be 
calculated by the sum of the compartment's total biological 
removal rate constant K and the radioelement's decay constant A. 

PROGRAM DESCRIPTIONS 

All of the programs in INDOS allow the user to input 
metabolic parameter values different from the standard ICRP 
Publication 30 values for the respiratory tract, GI tract, and 
systemic compartments. When more specific models and parameter 
values have shown to provide greater accuracy, their use will 
provide a better estimation of intakes and internal radiation 
doses than can be obtained from standard ICRP 30 models. 
Default values are provided for parameter values associated with 
the ICRP 30 respiratory and GI tract models and inhalation 
compound classes. 

The programs in the INDOS software include: 

1. Program INT: This program estimates an intake from one or 
more bioassay measurements of a radioelement. The user 
specifies the intake conditions and other pertinent data. 
Based upon one of three selected assumptions regarding the 
variance of the bioassay data, the program then performs a 
best fit to the data to obtain an estimate of the intake, 
exposure, and associated dosimetry. This includes the 
estimated exposure in units of MPC-hours or DAC-hours and 
the committed effective dose equivalent. All or part of the 
input data, including default values, can be stored on a 
disk or printed with the output to document the models and 
parameter values that were used. 

2. Program OIL: This program generates tables of Derived 
Investiation Levels (OILs) for in vivo and/or in vitro ----bioassay compartments of interest. The user specifies the 
intake that corresponds to the specified investigation level 
(e.g., an intake of 0.02 ALI, which corresponds to an 
exposure of 40 DAC-hours) and inputs other pertinent data. 
The program then calculates the activity of the specified 
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radioelement that ls expected to be present in particular 
bioassay compartments at various chosen times after a single 
acute intake or after the onset of a specified continuous 
intake interval. One can use such tables, for example, to 
screen those routine bioassay measurements that may require 
further investigation. By selecting that monitoring 
frequency and those procedures that have sufficient 
sensitivity and accuracy for the detection of a OIL value, a 
routine bioassay program can be designed to help ensure that 
significant intakes are detected, recorded, and properly 
investigated. 

3. Program IRF: This program generates tables of Intake Reten
tion Fractions (IRFs) for in vivo and/or in vitro bioassay 
compartments of interest. -rhe--Tnput for-this program is 
similar to that of Program OIL. The program calculates the 
fraction of an intake expected to be present in particular 
bioassay compartments at various chosen times after a single 
acute intake or after the onset of a specified continuous 
intake interval. One can use such a table, for example, to 
make a preliminary estimate of an intake from a single 
bioassay measurement of a radioelement by dividing the 
measurement by the IRF value given in the table for the 
radioelement and bioassay compartment of interest. 

4. Program NOD: This program generates tables of values for the 
Number of Disintegrations that are expected to occur over a 
chosen time interval in various in vivo compartments of 
interest due to an acute intake specified by the user. Such 
a table can be used, for example, to calculate individual 
organ doses over any time interval after an intake, 
including the 50 year standard interval that is used for the 
calculation of committed doses and the associated ALis. 
Estimated doses may be useful as guidance for medical and 
follow-up bioassay procedures. For a single radionuclide 
having no progeny that significantly contribute to the 
doses, the value of NOD over the standard 50 year interval 
along with other parameter values from ICRP Publication 30 
can be used for calculating custom ALis and DACs. This can 
be done for various particle size distributions and chemical 
compound classes or mixtures for a radioelement that is 
known to be present in a given working environment. In 
addition, if metabolic parameter values that reflect the 
metabolism of exposed workers are available, then they can 
be used as input to derive more realistic ALis and DACs. 

SPECIFICATIONS BY THE USER 

The INDOS programs allow the user to specify the following 
at various prompts on the input screens: 

1. Exposure Condition: (a) single acute intake or (b) contin-
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uous intake (excludes program NOD); 

2. Intake Pathway: (a) inhalation, (b) ingestion, (c) injec-
tion, or (d) delayed uptake through a wound; 

3. Metabolic Data and Physical/Chemical Characteristics of In
take: (a) ICRP 30 compound classifications D, W, and Y or 
mixtures, (b) activity median aerodynamic diameter (AMAD) of 
inhaled aerosol and (c) ICRP 30 metabolic models or 
customized models; 

4. In Vivo Bioassay Compartments or Measurements: (a) lungs, 
(b) GI tract, (c) systemic whole body whose uptake retention 
function is specified, (d) whole body excluding nasal 
passage (i.e., a + b + c), and (e) individual organ or 
tissue whose uptake retention function is specified; and 

5. In Vitro Bioassay Compartments or Measurements: (a) accumu
lated urine, (b) incremental urine, (c) urine concentration, 
(d) accumulated feces, and (e) incremental feces. 

~ith respect to the in vivo bioassay compartments, the 
somewhat redundant term "systemic whole body" is used to 
represent all internal organs and tissues and the entire 
systemic circulation including extracellular fluid. A 
radionuclide previously absorbed into the systemic circulation 
and present in the systemic whole body represents systemic 
internal contamination. A radionuclide deposited and present on 
the epithelial tissue in the respiratory tract or present in the 
contents of segments of the GI tract is treated separately and 
is not considered as part of this systemic contamination. 

SUMMARY 

Our experience with INDOS has proven it to be a practical 
way for the design and conduct of bioassay programs that will 
(1) help to provide adequate protection of workers from internal 
radiation exposures and (2) provide a rapid and 8fficient way to 
obtain estimates of intakes and internal radiation doses. 
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COMPARISON OF PREMORTEM AND POSTMORTEM ESTIMATES OF 
PLUTONIUM IN THE SKELETON AND LIVER OF SIX INDIVIDUALS 

M.J. Sula (1), R.L. Kathren (2), D.E. Bihl, and E.H. Carbaugh (1) 
1. Battelle, Pacific Northwest Laborytyry and 2. u.s. Transuranium 
Registry, Richland, WA 99352 U.S.A. a 

Assessment of organ burdens after internal exposures to 
radionuclides is often necessary to evaluate the health and regu
latory implications of the exposure. The assessment of plutonium 
activity in skeleton and liver is usually estimated from measure
ments of plutonium excreted via urine. As part of the overall 
evaluation of internal dose assessment techniques, it is useful to 
compare the results of organ burden estimates made from evaluation 
of urinary excretion data with those made at death from tissue 
samples collected posthumously from the individual. 

Estimates of plutonium in the skeleton and liver, based on 
postmortem analysis of tissue samples for six individuals, were 
obtained from the U.S. Transuranium Registry (USTR). Bioassay 
data and other radiation exposure information obtained from the 
individuals' files were used to estimate their skeleton and liver 
burdens at the times of their deaths, and these estimates were 
compared to those obtained through tissue analysis. 

PREMORTEM ASSESSMENT OF INTERNAL ORGAN BURDENS 

At the U.S. Department of Energy's Hanford Site, an emplrl
cally derived excretion model is used to estimate the uptake of 
plutonium to systemic circulation, and the metabolic assumptions 
in Publication 48 of the International Commission on Radiation 
Protection (ICRP) [1] are used to predict the resulting organ 
burdens at various times post uptake. The urinary excretion model 
uses the function recommended by Jones [2] to describe the 
expected daily excretion of plutonium via urine at times after an 
acute injection into the blood. However, in many cases, uptake by 
the blood is protracted rather than acute; i.e., at intake the 
plutonium is not immediately taken up by blood but is deposited at 
a presystemic site such as the lung or a wound. The transfer of 
plutonium from the presystemic deposition site into the systemic 
circulation is assumed to be governed by linear first-order 
kinetics and thus can be described in terms of a transfer rate 
constant, A. Using Healy's method [3], Equation (1) describes the 
expected daily excretion of plutonium, E(t), after the deposition 
of Q(O) activity in the presystemic compartment. 

(a) The work performed by Battelle, Pacific Northwest Laboratory 
is supported by the u.s. Department of Energy (DOE) under 
contract DOE-AC06-76RLO 1830. The U.S. Transuranium Registry 
research is supported by the DOE Office of Health and Envi
ronmental Research under contract DE-AC06-76RLO 1837. 
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R 
E(t) = Q(O)A j e-A.tJ(R-t)dt 

0 

( 1) 

where J(R-t) is the value of the Jones excretion function at time 
R for plutonium entering the blood at time t post intake. 

The excretion function is fit to the observed urinary excre
tion data by varying the transfer rate constant, A., and the ini
tial presystemic deposition quantity, Q(O). The A. and Q(O) values, 
providing the best fit to the excretion data, are then applied to 
a retention model to estimate the amount of plutonium in the 
skeleton and liver at times post intake. The retention model 
contains the presystemic compartment into which Q(O) is assumed to 
be deposited at the time of intake. Plutonium leaves the presys
temic compartment enroute to the skeleton and liver according to 
the transfer rate constant, A.. Organ deposition fractions and 
retention half-times are based on recommendations in ICRP 48 [1]. 

This excretion model does not allow for the enhanced excre
tion that occurs during and after chelation therapy. Hanford 
experience has shown that the enhanced excretion rate after the 
administration of DTPA decreases with time post treatment and 
returns to levels predicted by the excretion model within 90 days 
of the end of treatment. 

POSTMORTEM ASSESSMENT OF ORGAN DEPOSITION 

The USTR accepts donations of organs and tissues from 
deceased plutonium workers for histopathological and biokinetic 
studies. At autopsy, donated tissues are removed and analyzed 
radiochemically. Tissue analysis procedures have been documented 
by Boyd et al. [4]. Tissue sample activities are scaled to 
either the known or Reference Man organ size [5]. The overall 
uncertainty in the organ burden estimates is not expected to 
exceed a factor of 2 [6]. 

EVALUATION OF EXPOSURE CASES 

Assessments of skeleton and liver burdens at death were made 
for six individuals with well-defined exposure and bioassay his
tories. Premortem estimates were based on available urinalysis 
data and other information obtained from their files. Postmortem 
estimates were provided by the USTR. All six cases involved 
ex~osure to a mixture of plutonium isotopes consisting mainly of 
23 Pu. In five of the six cases, exposure was via inhalation. In 
the sixth case (USTR 212) exposure was via a wound. The urine 
excretion function was fit using methods described previously. 
Only urine data representing 24-hour excretion periods was used. 
Sample results deviating from the excretion curve by a factor of 3 
or greater were considered to represent either an erroneous mea
surement or an additional intake. In only one case did urine 
excretion data exceed the expected rate by this amount; because 
this result was not confirmed by follow-up samples it was deter
mined to be erroneous. The initial selection of the presystemic 
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transfer rate constant, A , used to fit the excretion model to the 
data was based on the solubility characteristics of the involved 
material. Final A and Q(O) values for curve-fitting were obtained 
through regression analysis. Chelation therapy with DTPA had been 
applied in only one of the six cases (USTR 212). For this case, 
urinalysis results within 90 days following treatment were excluded. 

Sample tissues of bone (vertebrae and rib) and liver were 
obtained at autopsy for all cases except USTR 212, for which the 
entire organs were donated for analysis. The entire liver and 
half of the skeleton were analyzed and thus the estimates of organ 
burdens for this case are expected to be the most accurate. 

DISCUSSION OF RESULTS 

Table 1 lists the premortem and postmortem estimates of the 
skeleton and liver burdens at death for the six cases. General 
consistency existed among the cases; typically, premortem esti
mates of skeletal burden were higher than postmortem estimates 
(five of six cases), while the converse was true for estimates of 
liver deposition. The premortem assessments averaged 1.6 and 0.6 
times the postmortem estimates for skeleton burden and liver 
burden, respectively. 

TABLE 1. Estimates of Plutonium in Skeleton and Liver, Bq 

Postmortem Ratio of Premortem-
USTR Case Premortem Tissue to-Postmortem 

No. Urinalysis Analysis Estimates 

002 11 3.3 3.3 
006 1.8 0.89 2.0 
007 430 260 1.7 

Skeleton 010 130 96 1.4 
018 14 27 0.5 
212 130 100 1.3 

Mean=1. 7+0. 9 

Postmortem Ratio of Premortem-
USTR Case Premortem Tissue to-Postmortem 

No. Urinalysis Analysis Estimates 

002 4.4 12 0.37 
006 0.85 0.56 1.5 
007 170 500 0.34 

Liver 010 57 270 0.21 
018 6.7 24 0.28 
212 56 87 0.64 

Mean=0.56+0.48 

Skeleton-to-liver activity ratios at death (Table 2), were 
consistent for the premortem estimates averaging 2.3±0.2. Greater 
variability was observed among the postmortem data where skeleton
to-liver ratios averaged about one-third of the premortem ratio 
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average. In all cases, the postmortem estimates of skeleton-to
liver burden ratios were less than would be predicted using the 
distribution and retention recommendations in ICRP 48 [1]. 

TABLE 2. Skeleton-to-Liver Activity Ratios Based on Premortem 
Urinalysis and Postmortem Issue Analysis 

USTR Case 
No. 

002 
006 
007 
010 
018 
212 

Premortem 
Urinalysis 

2.4 
2.1 
2.5 
2.2 
2.1 
2.3 

Mean-2.3+0.2 

Postmortem 
Tissue 

Analysis 

0.29 
1.6 
0.52 
0.36 
1.1 
1.2 

Mean-0.85+0.53 

CONCLUSIONS 

Age 
at 
Death 

80 
72 
66 
58 
65 
56 

Years from 
Intake to 

Death 

17 
13 
18 
14 
12 
17 

The assessment of organ burdens from evaluation of urine 
excretion measurements is roughly consistent with estimates based 
on postmortem tissue analysis. Individual estimates were within 
a factor of 3.2 for skeleton and a factor of 5 for liver with an 
overall average of about a factor of 2 for both skeleton and liver. 
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SOLUBILITY CLASSIFICATION OF YELLOWCAKE PRODUCED BY A 
BRAZILIAN URANIUM MILL 

E.S. Mansur and S.M. Carvalho 
Instituto de Radioprote9ao e Dosimetria 

Cx. Postal 37025, CEP 22602, Rio de Janeiro, RJ, Brazil 

INTRODUCTION 

The end product of uranium milling yellowcake, can vary in com
position. Variations from ammonium diuranate to mixtures of uranium 
oxides, sulfates, nitrates and sodium compounds occur among differ
ent mills. Ore body characteristics, chemical extraction tech
niques as well as drying temperature vary and the uranium coupounds 
produced are expected to be process or site specific. Variations 
among batches are also expected (Eidscn and Mewhinney, 1978, 1980; 
Kalkwarf, 1989; Eidson and Griffith Jr., 1984) and so the dissolu
tion characteristics of yellowcake in lung fluid. All this vari
ability in solubility complicates the interpretation of bioassay 
results obtained during occupational monitoring of uranium mill 
workers. 

This study was performed to classify the dissolution rate of 
yellowcake samples produced at the Po9os de Caldas uranium mill ac
cording to the ICRP categories (ICRP, 1979), that is, class D, dis
solution half-time less than 10 days, class W, from 10 to 100 days 
and classY, greater than 100 days. 

MATERIALS AND METHODS 

Samples were automatically taken from 6 different 
batches produced under routine operation of the mill. 

yellowcake 
Two 6 mg 

samples of each batch were sieved and grounded and placed in tubes 
with 6 ml simulated lung fluid, SLF, prepared according to Moss 
(1979). The physical and chemical process was based on the work of 
Thein et al. (1982). After 3 minutes in a sonic bath to disperse 
aglomerates and/or avoid wall losses, the tubes were transferred to 
a shaker water bath and kept agitating and at 37QC, to maximize 
dissolution rates. Samples were taken after ll time intervals, 
equal to 0, 2, 4, 6, 12, 24, 72, 120, 336, 504 and 720 hours. 
Once removed from the water bath the samples were centrifuged. The 
supernate was pipetted off the tube using a plastic seringe and 
filtered through a 22 ~m, 13 mm Millipore filter. Fresh SLF was 
replaced every 2 to 3 days. 
addition of dilute HCl acid. 

The pH was maintained at 7.3 - 7.4 by 
After a 30 day period, the residual 

uranium was dissolved with 6 ml concentrated nitric acid and analy
sed by neutron activation. A thermal neutron flux (2 x 1012 n/cm2.s) 
was used to irradiate the samples. They were counted with a germa-
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nium detector (ORTEC GMx-10180) and analysed using a Nuclear Data 
ND65-system. The software used for espectral analysis is detailed 
elsewhere (Vasconcellos, 1972 and Delgado, 1984). 

RESULTS AND DISCUSSION 

The results of the dissolution studies are summarized in Table 1. 
The dissolution behaviour of uranium in simulated lung fluid fol
lows an exponential relation with time and can be described by the 
following equation (Mercer, 1967). 

[ 
- 0 '693 ] [ - 0' 693 ] 

F = fl . exp Tl/2 (1) t + f2 . exp Tl/2 (2) t 

where F is the fraction of uranium remaining undissolved in 
sample at time t and f represents the fraction of the sample 
solving with dissolution half-time Tl/2· 

Table 1: Dissolution Parameters of Yellowcake in S.L.F. 

More Soluble More Soluble Less Soluble 

the 
dis-

SCtinple 
Percentage Dissolution Half-Time Dissolution Half-Time 

Number 
fl ::: (f(%) Tl/2 ~ ({(hours) Tl/2 

+ U (days) -

1 86 + 2.1 14 + 0.78 14 + 0.99 -

2 83 + 2.8 7.7 + 0.028 12 + 2.3 -

3 69 + 1.0 8.2 + 0.049 33 + 1.8 -

4 76 + 1.0 9.5 + 0.014 30 + 1.2 -

5 66 + 2.0 9.4 + 0.13 31 + 0.50 - -

6 72 + 1.0 8.0 ::: 0.34 30 + 0.35 -

The generated non linear regression fit for all the 132 frac
tions presented correlation coefficient greater than 0.996. The 
pairwise comparisons among the fractions f 1 and f2 and dissolution 
half-times were performed by the Newman-Keuls (N-K) test provided 
the variances were homogeneous (Bartlett's test). According to the 
N-K test on f1, f2 and Tl/2(2), samples 1 and 2 were not statisti
cally different at ~ = 0.01 as well as samples 3, 4, 5 and 6. The 
test on T1;2(1) showed statistical difference only for sample num
ber .1 with no significant difference (d= 0.01) for all the others. 
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The differences encountered when T1 ; 2 (l) was tested seem too 
small (hours) when one looks at the solubility classification 
(days) presented by ICRP (ICRP, 1979). When compared to Kalkwarf 
(1979) results, the short half-time component behaves as ammonium 
diuranate, a form of U03. A range varying from zero to 24 hours can 
be used as the criteria to interpret the results obtained (Eidson 
and Griffith Jr., 1984). Based on the above discussion one can 
present the results of the short dissolution half-times as a single 
group and the long dissolution half-times and dissolution fraction 
as two distinct. erollpR as indicated in Table 2. 

Table 2: Results of the In Vitro Dissolution Experiment 

Batch Number (J(%) Tl/2 (l) hours Tl/2 (2) days 

l and 2 84 2.8 9.4 13 

3, 4, 5 and 6 71 2.7 9.4 31 

CONCLUSIONS 

The yellowcake samples present a fast dissolution component, 
class D, and a slow component, class W. The fast component indi
cates that the yellowcake sampled contains ammonium diuranate, ADU, 
dissolving with half-times varying around 9.4 hours. The slow 
dissolution component (greater than 10 days) may characterize big 
ADU particles or small U308 ones dissolving in the lung fluid. The 
results indicate the presence of two specific chemical forms in the 
batches sampled but variable relative quantity of dissolved uranium 
among batches. 
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TAILS FROM PREVIOUS EXPOSURES: A GENERAL PROBLEM IN SETTING 
REFERENCE LEVELS FOR THE ASSESSMENT OF INTERNAL CONTAMINATION 

F. Breuer - L. Frittelli 
ComitatG Nazionale per la Ricerca e per lo Sviluppo 

dell 1 Energia Nucleare e delle Energie Alternative (ENEA) 
ROMA, Italy 

SUMMARY 

Reference levels for retention and excretion are evaluated 
for routine and special monitoring following the intake of a 
fraction of ICRP annual limits (ALis) or of a unit activity. 
Methodologies are also suggested for taking into account the 
contribution by previous intakes to excretion or retention. 

1. The ICRP recommendations suggest the use of reference 
levels (RLs) for planning and interpreting the monitoring of 
internal contamination. Direct measurements for X-ray and 
gamma-emitting radionuclides (WBC monitoring} give information on 
the activity existing in the body, but only in a few cases they 
are able to inform about its internal distribution. Indirect 
measurements on excreta (urine, faeces and exhaled air) 
(bioassay) cannot be directly related to the activity existing in 
the body but they can give information about the amount recently 
taken up. If the monitoring programme is not properly planned, 
direct measurements or excretion data alone cannot give any 
reliable information about the intakes and related doses. 

2. Reference Levels (RL) may be established for any of the 
quantities determined in monitoring programmes whether or not 
there are limits for this quantity and can be used to 
determine the course of action when the value of a quantity 
exceeds, or is predicted to exceed, the given level. Measured 
values lower than the "Recording Level" should be disregared for 
assessing the annual dose equivalent or intake; values of dose 
equivalent or intake above the 1 Investigation Level 1 

( IL) become 
sufficiently important to justify a review of circumstances 
causing it or an 
Reference Levels 

assessment 
(DRLs) could 

retention and excretion values. 

of the consequences. 
be defined for the 

Derived 
derived 

3. To be useful an Investigation Level has to be set in 
relation to a single measurement but, for a correct application, 
a well planned monitoring program shall be clearly established 
and observed. Generally an IL could be based on the expected 
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consistency of results during normal conditions or on the 
selected, optimized level of radiation protection. When an IL 
has been exceeded, it is generally more significant that there 
has been a failure of control than that one or more individuals 
have slightly exceeded a certain expected dose or intake. 

4. For routine monitoring it is important to verify that the 
average rate of intake during a year does not exceed some 
pre-established values, generally less than the Annual Limits of 
Intakes: we are so allowed to employ the methodology and the 
models utilized by ICRP for computing ALis. 

5. It can be assumed that a worker is continuously exposed 
to a more or less uniform intake or that the intake takes place 
at the mid-point of the 
exposure are referred to 

monitoring 
a suitable 

interval. 
fraction (q) 

RLs for 
of the 

routine 
ratio of 

the ALI to the number (n) of controls in the year and the DRLs 
for retention or excretion are computed, 
interval T 0 (days), as 

for various sampling 

DRL (T 0 ) q. (ALI/n) .F(T 0 /2) = q.ALI. (T 0 /360) .F(T 0 /2) ( 1 ) 

where F (T) is the relevant function of (organ or total body) 
retention or (urinary or fecal) excretion. 

6. For special monitoring as after an acute contamination, a 
reasonable evaluation of the intake of a radioelement can be 
obtained only by following the retention and/or excretion over 
short time intervals. This should be done in any case of 
important accidental contamination, even if only suspected. 

7. To gain an idea of the importance of an acute 
contamination, as in screening to establish if contamination is 
negligible or if further examination or specific health 
intervention is necessary, the "routine" models could be used 
with some variations. In the respiratory system model, 
compartment (b) of the NP region is divided into two parts for 
the classes W and Y, assuming that 15% of the fraction of 
deposited material reaches the gastro-intestinal tract and that 
the 16% of the global activity deposited in the NP region is 
recovered in the first nasal blowing or swabbing; the endogenic 
faecal elimination has been also calculated, taking into account 
the delay during the passage into che gastro-intestinal tract. 

8. Questions are open today regarding the uncertainty by 
which the internal contamination could be assessed and the 
meaning to be assigned to RLs in this assessment: they are not a 
tool for computing the dose resulting from internal 
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contamination, but are useful to verify che achievement of the 
optimized protection level. Efforts could be dedicated to 
interpretation of the monitoring results in order to reduce 

uncertainties; perhaps it would be worth to direct larger efforts 
to keep internal contamination well down, to levels where such 
uncertainties could be deemed as insignificant. This goal can be 

easily obtained by means of an appropriate and practicable choice 
of the sampling intervals, on the basis of detection limit of the 

measurement techniques. 

9. The contribution of tails from prev~ous exposures is also 
a constrain in setting the sampling interval T: if a formal 

Recording Level is adopted, as a fraction (f) of the 
Investigation Level (a value 1/3 is suggested by the ICRP), all 

the results of individual monitoring below the Recording Level 
shall be disregarded. As the exposure time increases, the tails 

from unrecorded intakes could build-up and lead, for some 
long-lived slow clearence radionuclides, at excretion or 

retention values comparable or larger than the DILs above 
discussed. 

10. In this situation the DILs apply to the difference 

between the n-th result and the tails from previous intake Ik, 
i.e. the value of the ratio "f" between the Derived Recording 

Level and the Derived Investigation Level shall be lower than 
n-1 

F(T 0 /2)/ .2:.: ( 2) 

k 

Only a suitable, very low, value of (f) could solve in general 
this problem for some radionuclides (Table 1), by assuming as 

Recording Level the detection limit of the measurement technique. 

11. As an other approach, all the results of individual 
monitoring are recorded, without adopting a formal Recording 

Level. For a selected individual, the result of the n-th control 
after the beg inning of the exposure shall be corrected for the 

tails from the previous intakes, evaluated by means of the usual 

models. This methodology is highly individual related and is 
practicable only if computer based, as 
on-line with the measuring instrumentation. 

dedicated in our organization to develop a 
applying this methodology. 

by using a computer 
Some efforts are 

suitable software for 

12. Some values for routine monitoring are shown in Table 1, 

where the ICRP value of 3/10 of the fraction of ALI corresponding 

to the sampling interval has been adopted as 

The methodology can also be applied to 

Investigation Level. 

radionuclides with 
recycling between the transfer compartment and the organ or 
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tissue compartments, as the three-compartment model 
the Beach-Dolphin excretion functions for plutonium, 
models for tritium. 

for iodine, 
the Balonov 

Table 1 
Urine DILs(jdays) for inhalation (q= 3/10) and excretion tails 

(discrete and (continuous) intake) 

================================================================== 
number of periods •n• 

Nuclide To DIL ---------------------------------------
(days) 3 6 12 30 

------------------------------------------------------------------60 
Co 60 2. 8 Bq 1 '0 ( 1 '0) 1 '7 ( 1 '7) 3 '0 ( 3' 0) 5' 1 ( 5' 1 ) 

~Hss y 90 2. 5 Bq 1 ' 3 ( 1 ' 3) 2' 3 ( 2 '3) 3 '7 ( 3 '7) 5 '6 ( 5 '6) 

I 60 50 Bq 1 1 ( 1 1 ) 1 1 ( 1 2) 1 1 ( 1 2 ) 1 1 ( 1 2) 

Class D 90 66 Bq 6 '3 (6 '9) 6 '3 ( 7 '0) 6 '3 ( 7' 0) 6' 3 ( 7' 0) 

U-nat 60 54 pg 50 (50) 100(100) 200(200) 420 (420) 

5Hss y 90 76 pg 7 5 ( 7 5) 150(150) 280 (290) 530 (530) 

Pu 60 190 pBq 94 ( 95) 140(140) 190(190) 280 (290) 

5~~ss w 90 240 pBq 100(100) 150(150) 210(210) 310(310) 

Pu 60 23 pBq 1 9 ( 1 9) 39 ( 39) 83 ( 83) 220 (220) 

Class y 90 31 pBq 29 ( 29) 61 ( 6 1 ) 130(130 310(310) 

================================================================= 

13. For special monitoring DRLs refer to the unit of 
activity (ingested or inhaled), owing to the doubts about the use 
of l>.LI as an index of the committed dose following an acute 
intake. The applicability of the model to a specific contaminated 
person shall also be examined. 

14. The problem of tails is not important for many 
radionuclides with a reasonably short effective retention time, 
as 13 7 Cs, 6 0 Co and 90 Sr, or in general for Class D and W 

radionuclides. For Class Y radionuclides and for a continuous 
intake, the contribution from 
excretion can be comparable to 

the tails to the total urinary 
the recent excretion when the 

systemic retention is not very short, 
interval. For other radionuclides, as 
tails could be relevant and individual 

~~~ared to the sampling 
Pu, the build-up of 

routine monitoring could 
be useful in providing information on the accumulation of 
internal contamination, rather than on recent intake, 
testing long term compliance with the selected 
protection. 
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EXCHANGE OF DOSE DATA WITHIN NUCLEAR ACTIVITIES IN FINLAND 
AND SWEDEN 

Olli Vilkamo 
Finnish Centre for Radiation and Nuclear Safety, Finland 

Lars Malmqvist 
National Institute of Radiation Protection, Sweden 

Abstract 

In the Nordic countries, i.e. Denmark, Finland, Iceland, 
Norway and Sweden, only Sweden and Finland have introduced nuclear 
power into energy production. The first still operating nuclear 
power plant was commissioned in Sweden in 1972 and in Finland 
in 1977. In 1987, over 40 % of the total generation of 
electricity in both countries was generated by nuclear power. 

It was soon noticed that there was a growing tendency that 
small groups of workers used to move at short notice between 
Finland and Sweden to work in the nuclear power plants in both 
countries during maintenance periods. 

In 1983, the regulatory authorities for radiation protection, 
National Institute of Radiation Protection in Sweden and Finnish 
Centre for Radiation and Nuclear Safety in Finland, surveyed 
the radiation exposure to those workers. The authorities have 
brought about an arrangement by means of which the central dose 
data bases in the other country since 1984 have been able to 
record without delay the radiation doses received by her own 
citizens in the nuclear power plants of the neighbouring country. 
In addition, the authorities have confirmed the procedures of 
controlling dose data on workers from the neighbouring country, 
before those workers start working in a nuclear power plant 
regulated by the national authorities in question. 

The paper describes the starting point of the activity, the 
established practice and the experience achieved. Until now, the 
practical experiences are positive. The total radiation exposure 
to the workers in the Swedish and Finnish nuclear power plants 
has been relatively low at each plant site. Thus, the main 
objective in the exchange of dose data, is to achieve a good 
radiation protection control. 
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Introduction 

In Sweden there are 12 nuclear power plant units in 
operation; 9 BWR units of Swedish design and 3 PWR units of US 
design. In Finland there are four nuclear power plant units in 
operation; two BWR units of Swedish design and two PWR units of 
Soviet-Finnish design. 

The methods of radiation protection applied at the nuclear 
facilities in the two countries are based on ICRP's 
recommendations and are quite similar in both countries. The 
activity is characterized by well-established active cooperation 
between both the Finnish and Swedish regulatory authorities and 
the persons responsible for radiation protection in the plants 
of the countries. 

The Finnish and Swedish regulatory authorities for radiation 
protection have set forth a prerequisite that all persons working 
at the nuclear power plants shall use appropriate personal 
radiation dose meters. In addition, the personal dose data are 
required to be recorded and reported to the central dose data 
bases and authorities. 

The dose meters and read-out units used in the Finnish and 
Swedish power plants are of the same type. The calibration and 
quality control procedures of the dose meters are approved and 
regulated by the authorities. 

In Finland, the Finnish Centre for Radiation Protection 
and Nuclear Safety maintains a computer based national dose data 
base. The exchange of information between the central dose data 
base and the data bases at the two nuclear power plants takes 
place by reports, for the present. 

In Sweden, the nuclear industry with its four nuclear power 
plants and the nuclear fuel factory have computerized the reading 
and transfer of dose data. From each site there is a direct 
connection to a computer based central nuclear dose data base. 

Reporting personal dose data between Finland and Sweden 

According to a mutual arrangement negotiated in 1983 by 
the authorities for radiation protection, the radiation doses 
received by the citizens of one's own country in the nuclear 
power plants in the neighbouring country, are recorded without 
delay in the central home data base. Certain country-specific 
features have an impact on the reporting procedure, which for 
the time being is as follows: 

a) The selected sender in Sweden, the Forsmark nuclear power 
plant, shall report all occupational radiation exposures to Finns, 
entered in the central dose data base for the Swedish nuclear 
power plants, directly to the national dose data base at the 
Finnish Centre for Radiation and Nuclear Safety in Finland. 
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The report shall comprise dose records per month and it shall 
be transferred as soon as possible after the lOth day of the 
following month. Reporting takes place in the form of output 
data by mail. A copy of the report is transmitted also to the 
radiation protection authority in Sweden. 

The output list shall, in accordance with the Swedish data 
base, include up-to-date personal radiation exposure, the identity 
number and the name of the employer, as well as data on the 
accumulated annual dose received in the Swedish nuclear power 
plants. In addition, information is given about passing medical 
examination including the examination date. 

b) The senders in Finland, the Loviisa and Olkiluoto nuclear 
power plants, shall correspondingly on a monthly basis (a) 
transmit the dose data on all occupational radiation exposures 
to Swedes to the receiver in Sweden, Asea-Atom and to the Finnish 
authority. Asea-Atom is, thereafter, responsible for entering 
the data in the central nuclear data base in Sweden. The input 
is recorded as a personal dose received abroad. 

The procedure involves certain specifications in order to, 
among other things, clarify the definition of citizenship and 
differencies in the identity numbers used. 

Any other way of recording in the transmission of dose data 
between the countries must not be used. 

Prodecures followed in dose inquiries 

The radiation protection personnel at nuclear power plants 
shall prepare to maintenance outages. As part of this work, 
e.g. the previous radiation doses to the workers are to be 
considered. 

The Finnish and Swedish nuclear power companies may inquire 
the facilities in the neighbouring country for particular 
questions concerning work and dose data of persons coming from 
that country. 

Another way of finding out dose data concerning workers 
from the neighbouring country is that the nuclear power companies 
ask the contractors, before the work is started, for the latest 
recorded dose data. This is possible because all contractors 
operating in Finland and Sweden receive monthly or after their 
work is completed, a dose report concerning the nuclear power 
plant work of their employees. 

If these two first methods, in some case, do not work, it 
is possible to ask directly the central dose data base in the 
neighbouring country (Finland-Sweden) for radiation doses of 
persons by giving the identity number and the name of the person. 
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Experiences learned from the procedure 

The experiences show that the quick migration of workers 
between Finland and Sweden is primarily concentrated on certain 
nuclear power plants. Factors that have a permanent impact in 
this respect are, among other things, the location and design 
origin of the plant. Temporary factors include e.g. special 
work at some plant. The migration of workers is naturally peaked 
during the annual maintenance periods of the nuclear power plants. 

The dose data transferred show that the collective radiation 
dose of citizens received in the other country has usually been 
under 0,1 manSv per year. The values, as regards Swedes, have 
been below 1 % and as regards Finns, below 5 % of the total 
collective radiation dose received at the same time in the nuclear 
power plants in the home country. About 50 - 100 workers from 
both Finland and Sweden have annually worked in the neighbouring 
country. 

The highest individual doses received during one year in the 
neighbouring country have been as follows: 23 mSv (1982) and, 
after the arrangement was introduced, at its highest, 16 mSv 
(1986). The majority of the annual individual doses received 
in the neighbouring country have been, within the range of a 
few mSv. In general, the individual doses have been received 
in one or two months. 

Discussion 

The exchange of dose data on nuclear power plant workers 
between Finland and Sweden have systematically taken place since 
1984. The exchange arrangement ensures that the individual dose 
limits are not unawares exceeded when workers quickly move between 
the neighbouring countries. 

The workers, and also the associations representing them have 
taken a very positive attitude towards the arrangement. In 
preparing for the arrangement, it has been taken into account the 
legislative rules and regulations concerning the confidentiality 
of information on the persons in question. Contradictions with 
legislation have accordingly been avoided during the 
implementation of the procedure. 

In addition to Finland and Sweden, there has not been a 
similar need for arranging a comparable procedure with other 
countries. The prerequisite for the exhange of dose data of 
this type is that the methods and follow-up systems of radiation 
dose monitoring are compatible and comparable with each other. 
In practice, this results in a requirement for high quality in 
the radiation protection procedures. 
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EXPERIENCE OF DOSE REDUCTION PROCEDURE USING TARGET DOSE MANAGEMENT 

T. Hashimoto, M. Nishikawa and Y. Mitarai 
Radiation Contorol Office, The Japan Atomic Power Co., Tokyo, Japan 

INTRODUCTION 

In Japan, 35 units of nuclear power plant are now under operation. The 
exposure dose of plant workers showed a tendency toward increase year by year 
along with the increase of number of operating units. However, the tendency has 
shown a slight decrease of late (See Fig.l). The annual collective dose per 
reactor in 1986 was approx. 360 man•rem at BWR and approx. 230 man•rem at PWR. 
The dose could be 
limited to such a low 
level as a result of 
various dose reduction 
measures implemented 
in order at the 
existing plants as 
well as newly 
constructed plants. 
The efforts of 
concerned parties 
toward further 
reduction the dose 
and, at the same time, 
establishment of dose 
management and control 
system are requested. 

Fig. 1 Trend of annual collective dose in Japan 
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DOSE REDUCTION MEASURES IMPLEMENTED AT TOKAI No. 2 

At Tokai No. 2 power plant ( BWR llOOMWe - start of commercial operation 
in 1978 ), various dose reduction measure have been positively implemented ever 
since the start of commercial operation, based on the actual results of 
preceding plants. These measures included crud reduction measures such as 
control of feedwater oxygen concentration, filling water during shutdown, 
introduction of CRD remote exchanging device, automatic lSI device, etc. and, 
furthermore, employment of such measure as improvement of the work environment 
including pipe shielding. 

As a result of implementation of these measures, the collective dose at 
Tokai No. 2 power plant now ranks in a middle level among all operating BWR 
plants in Japan, and the dose at this plant keeps the same level rather than a 
slight increase. 

The program for facility-wise measures necessary for reduction is now under 
study so that the dose at this plant can be further reduced. On the other hand, 
it is a matter of the first importance for reduction of the dose during the work 
to implement the dose management and control system, so that radiation 
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protective measures can be systematically and surely executed from the work 
planning stage. 

On basis of such a viewpoint as stated above, arrangement and strengthening 
of target dose management organization and method have been recently executed at 
Tokai No. 2 power plant. The current status of the execution is as follows: 

DOSE REDUCTION BY TARGET DOSE MANAGEMENT 

a. Establishment of ALARA Coordinate Group 
ALARA Coordinate Group (ACG) was established at site from the 7th Annual 

Maintenance Outage for the purpose of collectively control and reduce the dose 
during the annual maintenance work, which shares a greater part of the annual 
dose. ACG consists of the members of the plant and contractors assigned for 
radiation control and work management sections, and the meeting of ACG is held 
periodically starting from about 2 months before the annual maintenance work 
begins and throughout the maintenance work. 

An objective of ACG activity is to introduce target management and connect 
result of the management with the actual dose reduction in the work control in 
accordance with the Plan-Do-Check-Action procedure and, at the same time, to 
promote ALARA philosophy through its activity. 

The target management concept has been formally incorporated in Quality 
Contorol and Quality Assurance activity of general industrial field, and it is 
a common procedure used in the QC circle in our country. ACG just applied its 
concept into the dose reduction measures. 

b. Scope of ACG Activity 
The following activities are performed by ACG at each step from start of 

maintenance work and after completion of maintenance work: 

Prior to start of maintenance work, anticipated man•rem for the whole work 
is calculated and the calculated result is studied and evaluated from a 
viewpoint of ALARA program (according to the "ALARA Check List" ). In 
particular, for the work items involving the total dose of 5 man•rem or more the 
dose reduction measure items for each work step are studied and evaluated (See 
Flow Chart 1). The target value and weekly target value assigned to each 
contractor by each wrok item are established, based on the result of study 
mentioned above. 

During maintenance work, weekly meeting is held for checking the actual 
result against target value and recommendation and warning for dose reduction 
purpose are given to contractors as necessary so that they can be reflected 
into such actions as flushing, decontamination, etc. 

After completion of maintenance work, execution status of ALARA program is 
confirmed in order that the actual status can be reflected into the next 
maintenance work. In particular, for the work item which involved 5 man•rem or 
more, evaluation of comparison between target dose and actual dose as well as 
the difference thereof are studied in detail (See Flow Chart 2). In addition, 
for the work to be performed every year, the model cases have been properly 
arranged and consolidated in order for standardization of ALARA techniques. 
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c. Actual Result of Dose 
Fig. 2 shows the actual dose received during 8th annual maintenance outage, 

For this maintenance work, ALARA study was made on the initial value of 650 
man•rem estimated based on the past actual results and, as a result of study, a 
target value of 600 man•rem, which was about 10 % less than the esti•ated value, 
was established. The actual dose however was 498 man•rem, which was far less 
than a target value. This was because the effect of dose reduction measures 
applied to the work of sec countermeasures, which was the largest modification 
work item done during this maintenance outage, was far greater than expected. 
These measures included chemical decontamination of the pipe performed prior to 
the pipe replacement work and, as a result, the dose received during pipe 
cutting and removal work was successfully reduced to a low level. In a midway 
of the maintenance work, a target value was revised to a lower value of 520 
man•rem, but the actual result was far below even the revised value. 

Evaluation of 
results of each of 
dose reduction 
measures applied 
during this 
maintenance outage 
indicated such effects 
as reduction of 
19 man•rem by 
installation of a 
temporary shielding 
and reduction of 11 
man•rem by adjustMent 
of work location, in 
addition to reduction 
of 120 man•rem resulted 
from chemical 

Fig, 2 Acmulated exposure dose in Tokai No.2 8th annual outage 
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decontamination mentioned above. 

CONCLUSION 

DATE 

Though estimation method of the dose in special cases like a large plant 
modification work remains unresolved, expected effect of dose reduction 
measures is obtained through the work management, by setting up a target value 
and performing careful and refined integrated dose control. It is of extremely 
importance to firmly fix and maintain such dose management and control system in 
the future. 

Further, in order to drastically reduce the dose to a half or more of the 
current dose, we are planning to set the long/medium - term target dose and 
application programs of necessary measures, such as installation of permanent 
and/or temporary shielding for primary loop recirculation piping, duplexed 
condensate cleaning system using hollow fiber filter, etc. 
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Flov Chart 1 ALARA plan procedure before initiating work 

Commence with normal procedure 

l\b Commence normal procedure by > ~ recording planned exposure dose 
in the work schedule 

1\b 

1 

Commence after data on (I) is 
"::> ... explained at the time of 

explaining the work schedule 

(2) Calculale exposure dose 
by step 

Explain (t) and (2) to "ALARA 
Coordinate Group"and obtained 
confirmation 

N:l 

Explain details of proceedings to "ALARA 
Coordinate Group" at the Periodic 
Maintenance Control Center and obtain 

Commence after data on 
explanation of proceedings by 
the "ALARA Coordinate Group" 
is in order 

Flow Chart 2. ALAR A p Jan procedure after work 

(4) Enforcement of restudy 
appraisal after work 

Variance between plan and results, 
problem areas, improvement 
areas, etc. 
Report results of (4) to "ALARA 

Coordinate Group" and obtain 
confirmation. 

N:l 

N:l 

N:l 

Report details of (3), (4) at the Periodic 
Maintenance Control Center and obtain 
confirmation. 
Route report up to the Plant Manager 
and obtain seal. 

Normal procedure 
Submit Comprehensive Report 

Submit C:omprehensive 
Report with (3) 

Submit Comprehensive 
Report with (3), (4) 



REDUCTION OF OCCUPATIONAL DOSE USING THE UKAEA SIMVIDOSE SYSTEM 

R G Jackson and G c Meggitt 
Safety and Reliability Directorate, UKAEA 

INTRODUCTION 

The ICRP recommendations emphasise the need to keep doses 
as low as reasonably achievable. In order to make the best 
uses of resources in reducing operator dose it is important to 
know accurately how the dose is incurred. To allow the 
radiological protection staff to link dose rate with the 
particular task being carried out the SIMVIDOSE (SIMultaneous 
VIdeo and DOSE) system was developed (reference 1). SIMVIDOSE 
allows the external gamma dose rate to be displayed on a video 
image of the worker involved. 

By recording the combined display the exact details of the 
exposure can be seen and protection measures targeted to the 
maximum effect. Experience with a development system has 
demonstrated has demonstrated its use as a training aid and/or 
on the spot dose control. 

THE SIMVIDOSE EQUIPMENT 

The monitoring consists of a GM tube and radio transmitter 
fitted in a small portable unit worn by the operator. The 
pulses are transmitted to a base unit with a countertimer 
module which converts count rate to dose rate and 
superimiposes a character string of time, dose rate and total 
dose on the video display from the camera. 

In early versions (figure l) a black and white camera was 
used. The only record of the dose rate was on the video 
recording. While this was useful in a qualitative way it was 
tedious to recover the data for quantitative studies. 

A serial interface was added which enabled the data to be 
collected on a portable microcomputer and recorded on tape. 
Simple graphs of dose rate against time were then produced 
using either a printer or a graph plotter. 

In low contrast situations a considerable advantage is 
offered by colour. Unfortunately the equipment had been 
designed for a camera with external synchronisation. Domestic 
colour cameras do not offer such a facility but an alternative 
system using a BBC microcomputer was available. The data from 
the counter timer is sent via the serial interface to the BBC 
microcomputer which saves the data and generates the numerical 
display which is then added to the video image (figure 2). 
Periodically the dose data is transferred to a floppy disc. 

USE OF SIMVIDOSE 

Throughout the development of the equipment trials have 
been carried out on active work. Both routine and one-off tasks 
have been studied. 
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Routine Operations: 

(a) Silicon Ingot Irradiation. Pure silicon ingots are 
irradiated in the DIDO and PLUTO reactors at the UKAEA Harwell 
Laboratories to produce P type doping. Both vertical and 
horizontal irradition facilities are used. Unloading of 
irradiated ingots from the vertical facility is carried out by 
winching the can containing the ingots into a flask. The ingot 
is unloaded in an active handling cell, a new can is loaded 
into the flask and transferred to the reactor. 

Slight differences exis~ between the equipment and 
operations on the two reactors. On Pluto the flask was located 
over a collar placed on the reactor top and the operator 
approached the flask during the process. The complete 
operation took 22 minutes but 60% of the dose was received in 
the 2~ minutes when the flask was being loaded with the 
irradiated ingot. On DIDO the flask locates in a larger collar 
on the reactor top. Transfer operations were observed from 
behind a shielded screen. In this case the higher doses were 
incurred in the transfer to the active handling cell ( 25% of 
the total), although the total dose was only 70% of that on the 
other reactor. The dose involved in unloading irradiated 
silicon from the horizontal facility on the PLUTO reactor and 
loading a new ingot was about double that for the vertical 
facility. The whole operation took about 35 minutes. 
Manipulation of irradiated ingots accounted for 45% of the dose 
and manipulation of new ingots for 25%. Both operations were 
carried out within a shielding tank, working from above. 

These studies identified the parts of the operation giving 
most of the dose. While this could have been done using hand 
held instruments the results would not have been so easy to 
interpret and extra exposure would have been incurred. 

(b) Cropper and Dissolver loading. The spent fuel from 
the DIDO and PLUTO reactors is reprocessed at the UKAEA 
Dounreay site. Operations involve the use of long tongs to 
manipulate elements within a pond into a cropping machine and 
then into the elevator to the dissolver cell. Results showed a 
fairly constant dose rate although there were increased levels 
when sediment was disturbed. In this case the only way to 
reduce the operator dose was to reduce the overall background 
level by reducing the residual contamination in the pond. 

One-off Operation - Boiling Tube Replacement 

During the annual shutdown of the SGHWR (Steam Generating 
Heavy Water Reactor) at the UKAEA Winfri th establishment a 
section of one of the boiling tubes below the reactor was 
replaced to allow tests for hydrogen embrittlement to be 
carried out on it. Dose rates in the lower lagging box where 
the tubes run are high due to "crud" deposition. 

1436 



The camera was mounted on a remote control pan-tilt unit 
fitted to a specially fabricated bracket in the lower lagging 
box. The rest of the equipment was set up outside the 
biological shield. The calibration was adjusted to match the 
personal radiation monitors worn by the operators. 

The SIMVIDOSE equipment was set up in a low dose rate area 
which effectively served as a control room for the operation. 
The work of removing the tube section and fitting a new piece 
was carried out by contractors supervised by UKAEA personnel. A 
number of entries were required. The use of SIMVIDOSE enabled 
health physics staff to continuously moni~or the dose rate to 
which the worker was exposed without incurring dose to 
themselves. 

Contractors about to take over could see recordings of 
earlier entries and locate high dose rate areas. Modifications 
could then be planned to take account of the dose rates. 

At one point the dose rate increased sharply when a bung 
was removed from the cut pipe. However, the dose rate fell off 
quickly after an initial peak and the health physics staff 
allowed the worker to remain avoiding the extra dose from 
another entry. 

It was also valuable to know when the operational dose 
control limit was being approached so that the worker to be 
instructed to stop at a convenient point in the job. In one 
such instance a bolt on a restraining bar broke, the decision 
was made to cut the entry short and leave the repair for a 
further entry as insufficient margin was available on the dose 
limit for the entry. 

FURTHER DEVELOPMENTS 

The SIMVIDOSE system, as it stands, is very much a 
development version. Some problems have been encountered with 
loss of signal from the dose meter. Interference from for 
example, overhead cranes can give rise to spurious results. 
The current design also precludes the use of more than one 
detector. In addition the BBC microcmputer is slow by modern 
standards and lacks the power and memory of later machines. 
One possible approach which is being studied (reference 2) is 
to use dosemeters which record total dose. Each dosemeter is 
polled by the controlling computer via a "transparent" radio 
data link. The personal dosemeter transmits the total dose. 
The current dose rate is then reconstructed by the computer. 
As the transmission is digital the likelihood of interference 
is considerably reduced and any loss of data can be recovered 
on the next transmission. Although this system is intended for 
emergency use without simultaneous video it will be possible to 
adopt it for this use. 

Another possible development is to combine SIMVIDOSE with 
an automatic location system which would enable a map of dose 
rate to be produced for the area under investigation. 
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CONCLUSION 

Simultaneous display and recording of dose rate together 
with a view of the operations being undertaken has enabled 
protective measures to be applied effectively to routine tasks. 
In addition the equipment has proved useful in controlling 
doses during individual operations and as a training aid. 

REFERENCES 

1. UK Patent Application G B 2142 500A. Monitoring of 
dangerous environments. G C Meggitt and A Cook. 

2. UK Patent Application 145254. 
hazardous environments. S F Hall. 
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THE CURRENT STATUS AND IMPROVEMENT ON THE 
REGISTRATION SYSTEM FOR RADIATION WORKERS 

AT THE NUCLEAR FACILITIES IN JAPAN 

Osarnu Saito and Hisashi Ishikawa 
The Tokyo Electric Power Company, Inc. 

Radiological Health & Safety Center 
No. l-3, 1-Chorne, Uchisaiwai-cho, Chiyoda-ku, Tokyo, Japan 

and 

Naqatoshi Isshiki 
Radiation Dose Registration Center for Workers 

ABSTRACT 

The number of radiation workers engaged in the nuclear field in Japan has already 
reached about 210,000.and that of nuclear facilities 31.As a considerable nu1ber of 
these workers are doing their work in more than one facility, it is reQuested for us to 
certify radiation workers and manage their records in one system throughout the country. 

For those purposes the Registration System for Radiation Workers and the central 
office for it were established in 1977. 
The current status and a new improvement sche1e are as follows. 

1 ) current status of the syste11 
A ) ma i n act i vi t i es 

a)registration of workers 
b)issuance of radiation passports 
c)reoistration and keeping of the personal dose records 
d)response to inQuiries about the records 

B) participating organization 
a)nuclear laboratories 
b)nuclear Power stations 
c)nuclear fuel fabricating companies 
d)maintenance contractors for nuclear facilities 

C) problems 
Telephone. facsimile and mail are used for the co11unication between each facility 
and central office in the system now ,so 
a)it takes a lot of time to answer to inQuiries,and 
b)the dose data for short period-for instance,lonthly date-havn't been dealt with. 

2) improvement scheme 
A) ostnblishmont of an on-llnu notwork systom which onablos each terllnal co1putor 

to have direct access to the master computer. 
B) issuance and maintenance of radiation passports by the ter1inal computers 

installed at facilities. 
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SYSTEMATICS OF GAMMA-RAY ENERGY SPECTRA FOR CLASSIFICATION OF 
WORKPLACES AROUND A NUCLEAR FACILITY 

Itsumasa URABE and Tadashi TSUJIMOTO 
Research Reactor Institute, Kyoto University 
Kumatori-cho, Sennan-gun, Osaka 590-04, Japan 

Kousuke KATSURAYAMA 
Faculty of Science and Engineering, Kinki University 
3-4-1, Kowakae, Higashi-osaka-shi, Osaka 577, Japan 

1. INTRODUCTION 

Radiation dosimetry in workplaces has been carried out both 
for assurance of the doses complying with the acceptable values and 
for improvement of protection methods to minimize detriments of the 
exposed population. This means that it is very impotant not only 
to determine dosimetric quantities in workplaces but also to know 
features of radiation fields because information for radiation 
protection can be often derived from the radiometric quantities. 

Classification of workplaces based on the fearure of gamma
ray energy spectra is one of practical ways to realize radiation 
protection being taken into consideration of the radiometric 
quantities. Furthermore, demarcation of workplaces based on these 
radiometric quantities may be effective for improvement of 
radiation protection practice such as estimation of radiation doses, 
designing of radiation shields and other activities. 

From these points of view, gamma-ray energy spectra have been 
determined in various workplaces in nuclear facilities, and 
systematics of gamma-ray fields were tried for classification of 
workplaces on the basis of the feature appeared in health physical 
quantities such as effective dose equivalents and reponses of 
dosemeters. 

2. EXPERIMENTAL 

2-1 Measuring System and Measurements 
Gamma-ray energy spectra in some workplaces of the Research 

Reactor Institute of Kyoto University were determined by the 
scintillation spectrometer with a 7.6 em diameter and 7.6 em long 
cylindrical Nai(Tl) crystal covered with a 2 mm thick bakelite 
cover. The scintillation detector was supported with a tripod about 
1.2 m high. Data from the detector were recorded in the multi
channel pulse-height analyzer. Pulse-height distributions were 
analyzed into gamma-ray energy spectra with an unfolding technique 
using mini-computer system. 

Workplaces chosen for measurements of gamma-rays were (1) TL 
(laboratory for physical, chemical and biological treatment of 
low level radioactive materials), (2) HL(laboratory chemical 
processing of high level radioactive materials) and (3) RR(reactor 
building containes the light water cooled reactor and related 
experimental equipments) . Measurements were carried out at 19 
places in these laboratories. 
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2-2 Determination of Dosimetric Quantities 
Dosimetric quantities discussed here were exposures(Ex), 

effective dose equivalents(EDE) and ambient dose equivalents(ADE). 
Ex could be determined after well-known formula using gamma-ray 
energy spectra and energy absorption coefficients of air. EDE and 
ADE could be derived from the exposure multiplied by the Ex to EDE 
and ADE conversion factors, respectively/1,2/. Responses of a 
Geiger-Muller serveymeter and a filmbadge dosimeter were calculated 
using energy dependences of these counter and dosimeter 
sensitivities/3,4/. 

3. RESULTS AND DISCUSSION 

3-1 Gamma-ray Energy Spectra 
Examples of gamna-ray energy spectra obtained in TL and HL 

are illustrated in Fig.l and Fig.2. Broken histograms in these 
figures show the energy spectra due to natural radionuclide in the 
laboratory. It is evident from these results that the artificially 
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increased gamma-rays, which are attributable to radionuclides such 
as 6 °Co and 137Cs, are observed below 1.4 MeV and that intense low 
energy photons are observed near the strage facility for 
radioactive isotopes or spent fuels of the reactor. On the other 
hand, as illustrated in Fig.3, higher energy gamma-rays are 
observed aound a neutron source strage facility. This seems to be 
caused by an Am-Be neutron source which emits about 4.4 MeV gamma
rays as well as netrons after nuclear reaction of 9 Be(a,n) 12 C. 

Examples of gamma-ray energy spectra observed in the reactor 
building are illustrated in Fig.4. Solid histogram shows the energy 
spectrum obtained during reactor operation at the power of 5 w;,J and 
broken one shows a background gamma-ray energy spectrum. I~ s 
apparent from these histograms that gamma-rays in the reactur 
building were mainly caused by neutron capture reactions of 2r0on, 
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hydrogen, iron and other nuclides, and that they distributed up to 
energy about 9.2 MeV. Gamma-ray energy spectra obtained at basement 
of the reactor building is illustrated in Fig 5. As shown by the 
solid histogram in Fig.S, gamma-rays from 16 N created by 16 0(n,p) 
reaction in the coolant circuit and from 41 Ar leaked from the 
reactor room of the building are clearly observed by the operation 
of the reactor. 
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Fig.4 Gamma-ray energy spectra 
in workplaces around the KUR. 
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Fig.S Gamma-ray energy spectra 
around coolant of the KUR. 

3-2 Relation between dosimetric and radiometric quantities 

10 

Ex rates, EDE rates and ADE rates were determined on the basis 
of the energy spectra of workplaces and serveymeter responses or 
filmbadge readings were determined by accumulating exposures 
multiplied by the detector sensitivity. To discuss relations among 
these health physical quantities regardless of the total exposure 
rate, each dosimetric quantitie was divided by the Ex rate. The 
results are shown in Table 1. The number in each line was given by 
averaging over several results obtained at workplaces where gamma-
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Table l. Ratios of dosimetric quantities and dosimeter responses 
to exposure. 

workplace energy EDE/Ex ADE/Ex film/Ex GM/Ex 

RI/SF strage <0.4 MeV 0.90 1.14 0.44 l. 34 
chemi.res.labo. <3 MeV 0.87 l. 06 0.53 l. 28 
reactor room >3 MeV 0.86 l. 03 0.57 l. 34 

ray energy spectra showed similar characteristics. Typical 
workplaces and some features appeared in gamma-ray energy speclra 
are shown in the first and second column of the table. It is clear 
from the two dosimetric quantities in the table that the ratios 
shown in the first line is markedly defferent from the other ones 
and that smaller differences can be seen between ratios obtained 
in the medium and higher energy gamma-ray fields. Furthermore, it 
is to be noted that the ratios in the third and fourth columns 
become small with increasing maximum photon energy in the 
workplaces contrary to the feature appeared in the results in fifth 
and sixth columns. Though the difference of the minimum and maximum 
values in each column are within 30 %, it is very important to 
realize that low energy photons give larger Ex to EDE or ADE 
conversion factors and they can be shielded by a simpler protective 
way and that dosimetric quantities or detector responses show 
complicated charactors in higher energy gamma-ray fields. These two 
facts indicate that an application of a unique method is not 
appropriate to get reliable information for radiation protection 
This means that classification of workplaces based on the feature 
of the energy spectrum will be powerful for establishing reasonable 
methods for radiation protection. 

4. CONCLUSIONS 

It becomes clear from the investigation that gamma-ray fields 
can be classified into three groups: (l) low energy gamma-ray 
fields mainly composed by scattered photons, (2) medium energy 
gamma-ray fields formed by utilization of radioactive materials 
and (3) high energy gamma-ray fields due to neutron capture in 
mixed radiation fields. It is also quite possible that radiation 
protection practice will be reasonably improved by the demarcation 
of workplaces on the basis of these feature of gamma-ray fields. 

References 

/1/ I.Urabe et al., J. Jpn. Health Phys. Soc., 18, 361 (1983). 
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/3/ JIS Z 4328, ( 1984). 
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CHARACTERISTICS OF INTERNAL AND EXTERNAL EXPOSURES TO WORKERS 
BY JOB IN JAPAN ATOMIC ENERGY RESEARCH INSTITUTE 

Jun Akaishi, Takamitsu Hattori, Katsuo Kawai, Haruo Tachibana, 
Kentaro Minami and Shinichi Suga 

Department of Health Physics, Japan Atomic Energy Research 
Institute, Tokai-mura, Naka-gun, Ibaraki-ken,319-ll, Japan 

INTRODUCTION 

It is useful to investigate the characteristics of exposure 
to radiation workers by job category for the reassessment of 
the appropriateness and effectiveness of monitoring method and 
radiation protection practice. As a first step, we have analyzed 
annual collective dose to workers in JAERI by job category and 
type of exposure for the years of 1969-1986. 

INDIVIDUAL MONITORING IN JAERI 

For external exposure, film badge is issued every 3 months to 
all radiation workers. For internal exposure, monitoring is 
carried out by bioassay and external counting as follows [1]: 

- Routine or confirmatory monitoring: for subjects selected from 
specific worker groups according to the possibility of internal 
contamination, by an annual survey on working condition, 

- Special monitoring: including internal dose assessment, for 
workers supposed to be contaminated or exposed, as a rule, 
above 0.1 mSv of committed dose equivalent in any organ. 

CLASSIFICATION OF WORKERS BY JOB 

Workers are classified into 8 categories as follows: 
a) Reactor operation: operation, utilization and maintenance of 

nuclear reactors, 
b) Hot laboratory management, 
c) Weste treatment: including the workers attended to decontami-

nation of instruments, equipments and hot laboratories, 
d) Radiation control, 
e) Radioisotope production, 
f) Research and development: relating nuclear reactor, accelera

tor, safety engineering, materials, nuclear fuel, radiation 
chemistry, physics, chemistry, fusion, etc. 

g) Others: administrative and engineering services, trainees,etc. 

YEARLY VARIATION OF THE NUMBERS OF WORKERS IN JOB CATEGORIES 

The number of workers tends to increase, mainly due to 
development of fusion research, nuclear safety research, reactor 
fuel examination and decommissioning of a power demonstration 
reactor, that reflects in the increase of workers in categories 
c) and f). The numbers of workers are shown in Fig.l. 
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Fig,l Yearly number of radiation workers. 

CALCULATION OF COLLECTIVE DOSE 

(l) External exposure 
Effective dose equivalent was assumed to be equal to the dose 

estimated from the film badge reading. Collective dose to workers 
of each category was calculated by summation of individual doses 
above the minimum detectable dose of 0.2 mSv. 
(2) Internal exposure 

Intake of radionuclides of workers was estimated by bioassay 
and/or external counting. Annual collective dose was calculated 
by summation of committed effective dose equivalents above 0.1 mSv. 

VARIATION OF ANNUAL COLLECTIVE DOSES 

(l) External exposure 
Variation of annual collective doses by job for years 1969-

1986 is shown in Fig.2. The collective dose was the largest in 
category a), and the second largest in category f). The collective 
doses were larger before 1973 because of special jobs of maintenance 
of heavy water research reactors. After 1973, the annual 
collective dose has been relatively constant. In 1986, the annual 
collective dose is nearly equally shared by 4 categories: a), b), 
c) and f). 
(2) Internal exposure 

Fig.3 shows the annual collective committed dose equivalent 
to 38 workers among the total of 1,500 subjects of special monitor
ing. As for the result of routine monitoring of 18,300 measure
ments, only 7 subjects were found to be exposed to above 0.1 mSv 
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Fig.2 Variation of annual collective dose for 
external exposure. 
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of effective dose equivalent, which are included in the collective 
dose. Before 1973, internal exposure occurred almost every year 
in 3 categories a), b) and f). After 1973, internal exposure 
occurred less frequently. The exposure of the year 1977 in cate
gory e) was an Am-241 inhalation case, 20 mSv received by a subject. 

COMPARISON 

Fig.4 shows yearly variation and ratio of internal and external 
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annual collective doses in each category. Each box represents 
the range of annual collective dose variation. The left and right 
ends of the box are minimum and maximum, respectively, and the 
average is shown with an interposed line. As shown in the figure, 
the ratio of internal to external collective doses in category e) 
was the largest, that was 1:10, to which the Am-241 case in 1977 
made a dominant contribution. Internal collective dose was by 
300 times smaller than external collective dose for all radiation 
workers in JAERI for years 1969-1986. 

CONCLUSION 

We presented a retrospective analysis of annual collective 
dose with special emphasis on comparison of internal and external 
exposures. We could characterize the working condition by job 
more clearly, that may be of some use in planning a monitoring 
program. A small proportion of internal exposure to external 
exposure in collective dose can be interpreted as a result of 
radiation protection practice in JAERI, that is, unsealed radio
activity is enclosed as far as possible to minimize contamination 
of workers and work places. 

Reference 
[1] J.Akaishi, H.Fukuda, S.Mizushita: "Present State of the Moni

toring for Internal Contamination, Tokai Research Establishment, 
JAERI", IRPA5, Jerusalem, III, 197-200 (1980). 

1447 



PERSONAL COMPUTER INTEGRATED PROGRAMS - EFFECTIVE TOOLS FOR 
PLANNING COMPREHENSIVE RADIOLOGICAL SURVEYS 

Fred F. Haywood 
Eberline Analytical Corporation 

Radioactive material processing facilities now abandoned or 
placed on inactive standby require periodic maintenance and sur
veillance. Institutional arrangements frequently become ineffec
tive and result in the migration of radioactive materials to areas 
beyond site boundaries. In order to comply with current regula
tions regarding environmental degradation, various response actions 
are available to correct and limit future migration. Decisions on 
specific remedial measures must be based on sound engineering eval
uations. In addition to site specific physical features, these 
engineering studies require, as input, a thorough description of 
the areal distribution of radioactivity outside site boundaries as 
well as a description of the radioactive source term. These data 
can only be obtained through the completion of a comprehensive rad
iological survey of facility (and vicinity) grounds, buildings, 
process equipment, sewers, sumps, tanks, drains, and facilities 
used to handle and store residual radioactive wastes. For facili
ties with 20 - 50 buildings and which cover over 100 acres, a com
prehensive radiological and chemical characterization represents 
an immense undertaking. Determining an optimum distribution of 
labor and other resources can be a difficult and time consuming 
task. The purpose of this paper is to describe the use of an elec
tronic spreadsheet to determine, on the basis of prescribed meas
urement and sampling intervals, parameters such as total number of 
measurements and samples, total time required for specific tasks, 
the total time in days, given the number of personnel available and 
realistic performance efficiency, and an estimate of the cost. 

One of the most innovative and useful developments in personal 
computer software is the integrated program. For this work, the 
author chose Symphony, by Lotus Development Corporation, and all 
work was performed on a COMPAQ Portable Computer. This combination 
can be used by the novice with limited experience. Instruction may 
be accomplished in a few hours through review of Symphony documen
tation (Refs. 1,2) and other tutoral manuals (Ref. 3). Symphony's 
spreadsheet module is a powerful tool, an electronic grid of columns 
and rows which is ideal for planning sequential or integrated 
activities. In addition to the spreadsheet, word processing and 
graphics environments in Symphony offer flexibility in data presen
tations. Specific mathematical relationships between tasks and 
required labor may be applied to individual cells formed by the in
tersection of rows with up to 256 columns. There are a total of 
8192 rows, hence a fully utilized spreadsheet would contain over 
2 million individual cells. 

Before one can apply the spreadsheet to the requirements of an 
actual survey, a site specific characterization plan must be pre-
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pared. Such a plan requires the careful review of historical in
formation as well as an evaluation of data obtained during site 
visits (Ref. 4). The scope of any characterization is influenced 
by project objectives, existing criteria for measurements and sam
pling, and available labor forces. Electronic spreadsheets facili
tate the coupling of these latter considerations with facility size 
to establish overall project scope and budget. Furthermore, the 
spreadsheet may be used to monitor project performance so as to 
predict non-conformance with cost and schedule criteria. 

Symphony was used to plan an actual Rllrvey nf a fa~ility for
merly used to process radioactive material. For this discussion, 
the facility will be treated generically. It consisted of 33 
structures with moderate to high levels of surface radioactivity 
(Category M,H) and 14 structures thought to be free of radioactive 
contamination (Category N), all situated on a fenced site of about 
150 acres. The intervals for measurements and samples in the two 
categories were dictated by respective measurement and sampling 
criteria and were tied to a fixed grid system on floors, walls, 
ceilings, and flat roofs. Results of the survey of Category M,H 
structures were to be used as an aid in planning remedial activity 
and to establish areas where specific controls would be required 
to protect workers and to prevent the spread of radioactivity. For 
this reason, survey intervals were larger than for Category N where 
results could be used to base decisions regarding the demolition 
and disposition of those buildings. In addition to a greater 
number of measurement points per unit of inside area, the outside 
walls of Category N structures required survey. The spreadsheet 
was also used to plan measurements and sampling (surface and sub
surface) activity on open land at specific points on a site-wide 
grid system. 

Following is an explanation of the spreadsheet organization 
and execution for measurement and sampling activity in Category M,H 
structures. Column headings accross the spreadsheet's width pro
vided details of each structure, specific tasks to be performed, 
the number of person-hours required to complete each task, the 
total person-hours for groups of tasks, and the total person-hours 
for each structure. Columns of the spreadsheet are identified by 
letters, and rows by numbers thus giving each cell an alpha-numeric 
code. For Category M,H the sheet was composed of 61 columns and 
34 rows (2074 cells). Manual entry was limited, for the most part, 
to column headings, structure number in Column A, structure des
cription in Column B, floor area in square meters in Column C, wall 
area in Column Z, and formulae for mathematical relationships in 
other cells along the first row of data. In a few cases, certain 
other data required manual entry because no real relationship exis
ted with respect to building size. For example, the time required 
for a pre-entry radiation survey was a variable function based on 
the building's physical condition (some with no lighting, some with 
structural damage, etc.). The number of equipment items to be sur
veyed, the number of sumps and floor drains, and the time required 
for personal protective measures varied from building-to-building. 
An estimate of the number of person-hours for each of these was 
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made initially and updated as necessary to provide an accurate 
estimate of total labor hours. Once the number of above items were 
determined and entered manually, sheet calculations were used to 
estimate the number of measurements, samples, and respective labor. 
Individual tasks associated with floor area were as follows: 

o Number of grid points to be marked a 2 m intervals 
o Number of directly measured alpha readings at 2 m 

intervals on floors 
o Number of directly measured beta readings at 2 m 

intervals on floors 
o Number of pressurized ion chamber readings ( 1 m 

above the floor) at 4 m intervals on floors 
o Number of bulk samples collected at 6 m intervals 

on floors 
o Number of swipe samples at 4 m intervals on floors. 

Tasks associated with wall area included: 

0 Number of grid points to be marked at 4 m intervals 
0 Number of directly measured alpha readings at 4 m 

intervals on walls 
0 Number of directly measured beta readings at 4 m 

intervals on walls 
0 Number of swipe samples at 4 m intervals on walls. 

Ceiling and floor areas were the same for each building level, 
therefore ceiling grids were not established physically. Measure
ments and swipe samples were based on the floor grid, but with in
tervals of 4 m. Measurement and sampling intervals for roofs (flat 
roofs only) were the same as for floors, and grids were installed. 

Structures in Category M,H contained areas (in square meters) 
of 51,000 for floors and ceilings, 47,300 for walls, and 28,300 
for flat roofs. In addition, these 33 structures contained over 
1400 pieces of equipment and 150 floor sumps and drains. Once the 
column headings were entered, column width was established and the 
cells in each column were formatted in accordance with the type 
data to be included (for example, fixed decimal, number of signi
ficant figures, currency, etc.). Starting with the first row of 
data (call it Row 10) in the spreadsheet, move right to Column E 
where the heading reads "Person-hours to Grid Floor". On the video 
screen, Cell E10 will be highlighted. Either a value or a formula 
must be entered in this cell. Because establishing a floor grid is 
related to floor area, a formula is typed and entered. Two people 
are needed to measure grid intervals, mark grid intersections, 
label the the grid, and document the grid on drawings. Approxi
mately 1.5 minutes are required per grid node at 2m intervals. The 
actual formula is as follows: 

(C10/4)*1.5*2/60 

where C10 is a cell which contains the floor area in square meters, 
4 refers to 1 grid intersection per 4 square meters, 1.5 minutes to 
install each grid node, 2 persons, and 60 minutes per hour. The 
same formula applies to all 33 structures, therefore lt~ia.required 
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in all Column E cells in Rows 11 - 42. The formula need not be 
entered manually however. Using Symphony's Copy Command, the 
task can be accomplished with 7 key strokes, or by executing a pre
viously determined macro, a procedure which Symphony can perform 
automatically upon command. As one progresses through the spread
sheet, similar procedures are applied to the leading cell in each 
column and copied to cells in Rows 11 - 42. In addition to deter
mining the number of alpha, beta, and gamma-ray measurements, the 
number of swipe samples, bulk residue samples on floors and roofs, 
sump and drain liquid and sediment samples, the sheet also deter
mines for each structure the number of measurements on items of 
equipment, samples from that equipment, the number of boreholes 
drilled through the floor at regular intervals, the number of pro
file measurements in boreholes, and the number of profile samples 
collected from boreholes. Labor requirements are also determined, 
as shown in the example above, for the installation of floor, wall, 
and roof grids, to perform each type of measurement, to perform 
quality control (duplicate) measurements, to collect and analyze 
each of the several types of samples, to label, photograph, and 
perform measurements on equipment items, and to document all field 
data records. 

Similar operations were carried out to prepare the total scope 
of work for Category N structures and for open land areas. Once 
the total labor (person-hours) is obtained for all tasks, the num
ber of days required to complete the characterization may be cal
culated on the basis of available personnel and their probable 
efficiency. The actual number of hours worked per day is governed 
by the time required to check and standardize radiation measuring 
instruments, to put on and remove protective clothing, for manda
tory rest and heat stress monitoring, for measuring radioactivity 
on personnel upon exit from controlled areas, and for other admin
istrative functions. In most projects of this type, one can assume 
a productive work period of 6 hours per day. 

The Symphony spreadsheet is well suited for project control 
applications. Once the total scope of work and estimated project 
costs have been determined, a project cost plan and work schedule 
can be prepared in the spreadsheet format. Through the entry of a 
few values following the weekly (or monthly) closing of cost col
lection, automatic features built into a spreadsheet may be used to 
monitor actual performance and to spot trends in the different pro
ject activity codes. This latter feature is useful in identifying 
potential problems before they occur thus permitting corrective 
measures to maintain project objectiVes. 
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SAFEGUARDS AND HEALTH PHYSICS 

M. Oberhofer 
Edif.Sl, Radiation Protection Division 

CEC Joint Research Centre 
Ispra Establishment, 21020 Ispra (Varese), Italy 

ABSTRACT 

Safeguarding essentially deals with controlling of fissile 
material stored and manipulated in health physics controlled areas 
of nuclear establishments. In this contribution the particular 
health physics aspects are dealt with which concern a safeguard 
inspector when performing his safeguard control duties. It also 
describes the problems a Health Physics Responsible runs into when 
dealing with radiation protection for safeguard inspectors or his 
organisation. The paper is the result of a ten years experience in 
the field of radiation protection gained at the Safeguard Directorate 
of the Commission of the European Communities controlling about 380 
nuclear establishments and facilities for non-proliferation of 
fissile material in the European Community 
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'1. Abstract 

THE ASSESSI'-1ENT OF RADIOACTIVE 

DOSE OF URANIUM MINERS 

Zhou Zhumou 

Bureau of Safety, Protection and 

Health, Ministry of Nuclear Industry 

The main factors of radioactive hazard in uranium mines 
are radioactive ore dust, radon gas and tis daughters. These 
hazards often result in contracted sillicosis and lung cancer 
among miners, Howere, they can be fully avoided if some active 
radiation protection are taken up. According to the statistics 
(incomplete) over the past 30 years, average annual sillicosis 
rate in uranium mines of China was only 0.083%, far less than 
that of coal mines and metal mines. On the other hand, the 
average lung cancer rate was 108.3/rnillion.men-annum, which is 
also very low. 

2. Introduction 

The first uranium mine was discovered in 1934 in Guangxi 
,;huanp; Autonomous Region of China, but recounaissance and ex
ploration began in 1CJ55, tLe :_:_ne construction was in 1958. 
,\fter 1'l6), some uranium mines put into production and now 
there are more than twenty active uranium mines in China. 

In the process of uranium exploration and mining, from the 
30 years practic8 and experience, it is demonstrated that the 
main hazard .factor·s are radioactive ore dust, radon gas and its 
rlaughters for uranium miners because of sillicosis and lung 
cancer intruced. In the initial period of the exploration and 
construction, some miners were found to be sillicosis by reason 
that the protection measures for the radioactive ore dust, radon 
v,as and its daughters were insufficient. 

3. The basic measures for contr0lling the radioactive harm of 
urani_ urn mine 

3.1 Adoption of dust-proof and radon-reduced measures 

During the past 30 years, there are three periods for dust 
prevention and radon reduction in uranium mines ~f China. 

The first period( 1955-1963) included uranium exnloration 
and in.i.tial construction. In this per·iod, no mechanical ventila
tion 2ystem was adopted and the natural ventilation was the main 
way, the local stope and protection conditions were very poor. 
n,ome rlri ll inp; were dry-typ~ operatinp~. The maximum dust concen
tration was unto '1SO m~jm?, and the average was 10 mg/m3. The 
mwr, ;n•1m r8.r1on p;as concen:.;ration W8S 12c, Bq/I:, and the average 
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was '1 '1 . ') Bq/1,. 

'rhe second period( '1963-'1975) indicated that overall. dust 
prevention and radon reduction were developed comprehenslv~ly. 
After '1963 the uranium mine, one after another, was put lnto 
production: For prevention against occ~pational disease, s?me 
comprehensive measures of dust preventlon and radon reduct~on 
were taken including "water supply at first and then ventlla
tion" etc, and mechanical ventilation system was established 
a.nd the approaches to dust-measuring, radon-monitoring and radi
ation monitoring were also set up. According to the statistics 
of the represent at i.. ve ten mines, avera{;~ ore dust concentration 
v•as /. 'l mg/m?, and qualified rate was 65%, average radon gas 
r0ncentration was ILR'1 Bq/J,, and qualified rate was 66% from 
1lf, 7 . to '1''175 in the stapes of underground uranium mines. the 
incidence of sillicosis in a uranium mine of Hunan was dropped 
from 1.~R% in 1q5~ to 0.'1 in '1974. 

Tn the third period(1'176-1986), scientific research and 
1ovelnpment were strengthened and the experiences were summa
ri~ed and promoted and applied. Since '1978, the ventilation 
svstem was adjusted in accordance with the different kind of 
uranium mines, the research for dust prevention and radon reduc
ti.on was developed widely, the standard of dust prevention by 
ventilation and the technique of radon reduction were raised. 
!''rom statistics of '13 mi.nes, it shows that the average dust 
concentration was dropped to '1.19 mg/m3 and qualified rate was 
raised to 74.17/ from 65i',:; averac;e radon concentration was drop
ped to ~~.3S Tiq/L; and qualified rate was 73.8/1

·; radon daughters 
concentration was 2.27 \vL, and qualified rate was 76.5}(, from 
1'176 to 1q36 in the underground working faces. 

?.? Adoption of comprehensive measures for dust preven
tion and radon reduction 

At the present ventilation is the main way for dust preven
tion and radon reduction and its daughters concentration radioa
ctive hazard in uranium mines of China. In order to eliminate 
radon and its daughters timely and rapidly, mechanical ventila
ti.on is adopted day and night in uranium mines. 'rhe amount of 
venti.lati on is calculated in accordance with the National Stan
narn for eliminating radon gas and its daughters. It is 4-6 
times F,reater than that of non-uranium mines under the condition 
that there are the maximum workers in the underground or the 
amount of dynamite is equal. 

3.~ Ventilation 

Over the 30 years, a few of practical experiences in ura
ni.um mine ventilation have been integrated j_nclud.ing ventilation· 
method, Ri.r amount of calculation, administration, etc, at the 
same time, some technicologies were adopted, such as the appli
cat~on of positive pressure ventilation for controlling the 
emanation rate and the usage of air-guided plate, etc. Blowing 
ventilation is an effective method for the control of radon 
~menation and the daoreasement of radon concentration. Forced 
anrl exhaust overlap auxiliary ventilation was adopted in the 
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local area and descent:ional forced ventilation was adopted in 
shrinkage and filling stapes, both of them were also effective 
for o ecreasing stope radon gas and its daughters concentration. 

Sectional ventilation system and exhaust ventilation method 
are adopted widely in uranium mines and surfacial coating and 
isolation techniques are applied to reduce radon emanation and 
mi.p;ration. 'rhe practice shows that coating on the surface of 
ore bodies wi.th or~anic coating material may reduce 75% of radon 
emanation. 

~.4 Ore dust prevention and radon reduction 

'rhe main measures in uranium mining are to restrain dust 
source an~ to prevent ore dust as well as to collect ore du~t, 
and the wet operating, sprinkling water and waterseal explosion 
will. be all effect to restrain dust source and quicken dust con
d' · :_:ation. 

The method mechanical ventilation is used directly for high 
dust concentration and air return ways radon pollutant, and dry
type dust catcher with superfine fabric cloth and the method of 
dust removal by super high-pressure electrostatics are adopted 
i_n some urani urn mines with the result of depressine; 99% Of dust 
and ood radon daughters from air. 

?.S Persona] health and protection 

In order to safeguard the health of uranium miners, they 
must be inspected before their employment, and after that, the 
i. nspection must be carried out at regular intervals, on the 
other hand, a more subsidies for health, a better health foods 
and personal-protective equipments are free supplied. For any 
miner, personal dose monitoring should be carried out. And now 
protable and fast-speed air-ball radon detectors are used widely 
in uranium mines. 

L+. "'he evaluation of radioactive .dose in uranium mines 

Shina has a history of more than 30 years in uranium explo
ration mininp;. Over 30 years, in order to underst tL"d and control 
the hazarri of radioactive ore dust, radon gas and its daughters 
in urar:ium minos, a great deal of inverstlgation has been car
rierl out so as to study the characteristics of sillicosis and 
lunB cancer of uranium miners. It was reported that, from 1962 
to 1°RS, the average annual sillicosis rate is only 0.083% in 
urani.um miners o~::- China, which was far less than that of miners 
in coal mines and metal mines. 

Accorrting to census from 1955 to 19.35 in uranium miners, 
averar;e death rate of lung cancer was 19. 5/million-men•year. A 
uranium mine of Hunan was the highest in uranium mines of China 
;n '!lhich twelve patients of lung cancer was found from 1976 to 
".,~ 7·, amonp; them eleven was dead. Average death rate was 357/ 
mi: Lion-men-year. The accumulated exposure of workers who worked 
: n the U'l08rr;round for 2-19 years was equal to 130-LJ-50 WLM. The 
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age of miners who ha.d lung cancer was from 1.~0 to 62 years, 
averar;e age of death was 1+6 years, l·lhich \·. ·; ';1 years lower 
than that of the civilian, (leath rate was 30 times higher than 
that of the vesident. 

Meanwhile, 402712 employees in five uranium mines were in
vestir;ated in epidemioloe;y from 1958 to 1982, amoung which the 
neath rate of lune; cancer was 108.3/million·rnen·annum. in chec
ki. np; of the dead bodies, it was found that the radioactive com
position in the lung or(';anization indicated uranium concent was 
less than that of the ordinary resident and that the sillicosis 
for urani 11m miners would. hfl caused mainly by the patholoe;ical 
chanGes of lung organ leading to the obstructive of lung func
tion because radioactive ore dust could make the sillicosis 
ori.r;i.nate and develop. J,ung cancer from that uranium miner suf
fered was caused mainly by potential of radon daughters as a 
result of its internal exposure in lune:; organ. The result of 
reseach shows that the incidence of uranium miners is linear 
effect of uranium ore dust and radon daughters may promote the 
obstructive of lung functi~n. 

S. Conclusion 

S .1 In urani urn exploration and mining, the main radioac-
tive harmful factors are uranium ore dust, radon gas and its 
dau~hters, resulting in that uranium miners will suffer from 
sillicosis and lung cancer. 

S.? Incidence of uranium miner is linear with the radon 
r\as and its daughters concentration. rrhe complex effect of rad
ioactive ore dust and radon daughters will promote the obstruc
tive of lung function. 

). ) The basic measures for protecting miners from radi
oactive hazard are to adopt mechanical ventilation, wet-type 
operatinp;, sprinkling water so as to decrease the exposure 
surface of bodies and ore amount stored in underground and to 
apply surfacial coatinp; and isolation of bodies, and to seal 
the m'ined-out area and abandonment tunnels. 
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RADIOLOGICAL PROTECTION PROCEDURES RELATED TO THE HANDLING OF 
DIFFERENT URANIUM COMPOUNDS ENRICHED 20% IN 2350 

M.Friedenthal, A.Marajofsky, A.M.La Gamma~ B.a.tistoni, H.Cardenas 
Comisi6n Nacional de Energ1a At6mica ~ Republica Argentina 

The obtainment of 0308 starting from UF6 comprises a wet stage 
consisting in the extraction of gaseous UF6 by heating at 60-80°C, 
its hydrolysis to uranyl fluoride and precipitation to ammonium 
diuranate, and a dry stage where conversion to 0308 powder takes 
place through calcination at 800°C and further treatment until the 
attainment of the raw material for fabrication of fuel elements. 

The treatment of these compounds upon the stated process 
involves a prevailing toxicological risk due to exposition to UF6, 
FH and U02F2, and a radiological risk of fundamentally non
stochastic nature for the critical accident and stochastic nature 
for the dispersion of materials. 

Exposition to UF6 constitutes an emergency because in a few 
minutes UF6, FH and F2U02 incorporations can reach toxicological 
limits. On the other hand, these incorporations represent only 
10~2 times of ALI. 

Uranium (20% 2350) air concentration 

~Toxicological risk (UF6, U02F2) 
continuous exposure 200 )lq m~3 

TLV-EE 10 min 3 mg m-3 

~Radiological risk (UF6, U02F2) 
continuous exposure 53 )lg m~3 
ALI 134 mg m~3 

For the other compounds, ALI can be reached in a few minutes 
in case of inhalation of dry material dispersion. 

ALI 

ADO 3.104 Bq 

0308 103 Bq 

For continuous exposure derived uranium (20% 2350) air 
concentration is determined by the radiological risk. 

Uranium (20% 2350) air concentration 

Toxicological risk 200 )lg m~3 

Radiological risk 
ADO -J ~ )lq m-3 
0308 1 )lg m-3 
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Adequate respiratory protection systems for the above risks 
are: 

Fume hood 
(1m3 s-1 air 
velocity) 

Glove box with air 
extraction system 

Hazarrls involving UF6 escape have to be avoided, 
personal protection is necessary for emergen
cies. 

UF6 explosion has to be avoided for glove box 
integrity. 

The protection system adopted for the Plant Production at the 
CNEA Constituyentes Atomic Center is qlove box with 10-15 air 
renovations h-1, lm s-1 velocity for any opening. In view of the 
differences in the process, kind of materials and type of risk 
involved in case of internal contamination the wet stage and dry 
operations are performed in two different enclosures. 

The main risks in handling these compounds are the probabili
ty of internal contamination with stochastic radiological effects 
and the probability of criticality with mainly non-stochastic 
radiological effects. The hazards involved in these risks are UF6 
cylinder explosion, UF6 escape, dispersion of materials and 
critical excursion. The Plant was designed under the principle of 
totally avoiding the first and second hazards, and reducing to 
minimum the consequences of the last two. 

Several events may lead to internal contamination if combined 
with gloves or bags rupture and glove box ventilation failure: 

- the presence of HF or impurities in the UF6 cylinder may result 
in explosion while heating. Prevention consists in UF6 vapor 
pressure determination at room temperature before heating. 

- failure in impurities detection would lead to an abrupt rise of 
pressure during heating for which the countermeasure consists in 
the automatic relief to a gas expansion system. 

- heating at temperatures higher than 121°C would lead to 
hydraulic rupture of a full cylinder; redundant, independent 
controls of temperature linked to automatic stopping of heating 
for T above ll0°C are needed. 

- heating of an overfilled cylinder can lead to hydraulic rupture 
of the tube. Tube weight must be determined prior to heating. 

- contact of UF6 with hydrocarbons generates explosive mixture. 
The use of hydrocarbons is forbidden in the plant and 
fluorinated dls must be used in pumps. 

- cloggins in piping or valves and water vapor presence are events 
conducing to pressure rise in the gas transfer system with the 
probability of loss of primary confinement. Check of piping 
leakage and use of purge gas are necessary prior to gas transfer. 
In case of pressure rise, connection to the already mentioned 
gas expansion system favours the state of confinement of UF6 gas. 

The prevention of criticality is given operatively by the mass 
control at the wet stage, and mass and moderator control at the dry 
stage. Always units of less than 2,4 kg of uranium are handled. 
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The most relevant hazard for criticality lies in an un
controlled transfer of UF6 to the hydrolysis vessel. For its 
prevention hydrolysis takes place in a vessel with annular 
geometry embodying a cadmium sheet in its construction. No matter 
the amount of UF6 transferred, critical excursion cannot take 
place. Physical restraints avoid the inadvertent transference to 
unsafe geometry. 

In case of UF6 dispersion, liquids or material spreading, 
inherent safety is achieved by safe design of the air extraction 
system, safe geometry of the glove box floor and of collector 
bowls, and safe distribution of subcritical units. 

As shown in Fig.l interactions between subcritical units are 
only relevant after a chain of events of low probability has 
occurred. QD identifies an interaction between dispersed solid 
UF6 and U02F2 ~d spread water. @ and @ identifies the same 
situation as ~ but the interact1on is w1th a spread U02F2 
saturated solution in safe geometry. 

0 hydrolysis vessel 

~~ ~s:~~d~~i~n~· 

l
uncontrolled~--: (-) 
transference, L j 

1 
>JLKg___j -· Keff <0. 9 

alove box floor 
safe desion 

collector bowls ,--~ 
safe desinn i I 
r- ·- ---1 Keff ( o.s ! 

(-) l ______ j 

no moderator ,--I . ' 
out of confinement l Interactlo~s I 
~---~--~--j between un1tsl 

air extraction system; (-) J keff? 1 

safe desian 
1 

~-----·~ ' Ia J 1 i l_____ Keff < 0 J£. 
-~·1 Keff < ~.81 ' 

Fiaure 1 
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A simple administrative control of mass and moderation limits 
with wide margins of safety along the dry powder line was establish 
ed. Ten kilograms of uranium are allowed, administrative mass -
control is aided by limiting the number and capacity of containers, 
so that operative control is reduced to respect the prohibition of 
moderator in excess of the minimum amounts allowed. 

The operative experience showed that the principal hazards had 
been sufficiently taken into account. Incidents of UF6 escape to 
the glove box occurres coming from UF6deposits in the connection 
pigtail to the transfer system and UF6 deposits in the noz~le 
through which the gas enters to the hydrolysis vessel and the 
hydrolysis vessel cover. As expected, monitoring showed absence of 
contamination out of the glove box. After these incidents an 
outlet for the glove box air extraction was placed close to the 
cylinder valve. Admissible levels of contamination were detected 
in empty cylinders coming out of the glove box. Liquid and solid 
spreadings occurred as expected and without radiological 
consequences. There were no incidents involving internal 
contamination. 

Intensive monitoring during the fabrication campaigns 
demonstrated that the risks had been adequately evaluated and 
safely handled. 
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Experience of personnel monitoring at the Plutonium Fuel 

Fabrication Facilities 

K.Miyabe, T.Momose, A.Yamato, M.Kinoshita 
Power Reactor and Nuclear Fuel Development Corporation 
4-33 Muramatsu,.Tokai-mura, Naka-gun, Ibaraki-ken, 
Japan 

l.INTRODUCTION 
Increasing use of plutonium in nuclear fuel cycle,it is im

portant to measure precisely and to reduce properly occupa
tional dose at plutonium fuel fabrication facilities. 

At Tbk:ai ~\forks, Power Reactor and Nuclear Fuel Development 
Corporation (PNC) ,the plutonium fuel fabrication facilities 
have been operating since 1965. Plutonium and uranium mixed-
oxide fuel for the Experimental Fast Reactor (JOYO) and the 
Heavy Water Reactor (FUGEN) have been manufactured continuously. 
About 79 tons of mixed-oxide fuel have been fabricated and shipped 
to reactors,and the fuel included 295 assemblies to JOYO and 332 
assemblies to FUGEN until 1986. 

Gamma ray and neutron have to be considered for external 
exposure to workers in the facilities. We have been making 
intenRe efforts to reduce occupational exposure of workers,such 
as shielding of radioactive nuclides and mechanization of fuel 
fabrication process. We had developed the self-designed person
nel monitoring system using TLD badge and finger ring dosimeter, 
and occupational doses of workers have been measured routinely. 
Also the dose limitation system shown in Table.l have been 
adopted for exposure control of workers based on ALARA concept. 
Consequently the doses of workers have been kept enoughly below 
the dose limit reco~~ended by ICRP. 

This paper describes the outline of the personnel monitoring 
system and the overall view of the occupational doses at the 
Plutonium Fuel Fabrication Facilities based on our experience 
for more than 20 years. 

Table.l. Dose limitation system at PNC Tokai ~·larks 

Category Investigation Action level Dose limit 
level I 

I 

A 3 mSv/3 months 13 mSv/3 months 30 mSv/3 months ! 
! 

B l mSv/3 months 4 mSv/3 months 15 mSv/year 

A: Workers who recieve occupational dose continualy 
B: Workers who enter the controlled area occationaly 

2.PERSONNEL MONITORING 
l) .Principle 

At the facilities,a large quantity of PuO~ and uo2 are 
handleu in the process of mixed-oxide fuel fabrication. Several 
kg order of PuOz and UOz are handled in a. glove box through 
almost all process of the facilities. The dominant nuclides which 
cause external exposure are 23ql?u, nqPu, 24JPu, 241 Pu, 241 Am. These 
isotopes emit gamma ray,low-energy X-ray,spontaneous fission 
neutron and (~,n) reaction neutron. Glove box is made of aery-
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lite panels of 10 mm thickness and lead-contained gloves. Gamma 
and neutron dose rates locally become to a few hundreds of ,uSv/h 
order at the surface of glove boxes. To reduce the dose rates, 
lead-contained acrylites of 35 mm thickness are added at prefer
able places. 

The dominant energy of gamma ray in working areas is 59.5 
keV from 2+1Am. Neutron energy spectrum measured by a spherical 
multi-moderated 3 He detector is shown in Fig.l. More than 90 % 
of dose equivalent is originated from the fast neutron above 
15 keV. 

Considering these radiation features in the facilities, 
personnel monitoring program have been designed and monitoring 
methods have been developed. And occupational doses of workers 
have been measured for whole body and extrimity(finger). 

Pu fuel in glove box 
shielding: glove box(lOmm acrylite) 

101 and 35 mm lead-contained 

Energy (keV) 

Fig.l. Neutron energy spectrum at the plutonium 
fuel fabrication facilities 

2) .Monitoring methods 
The doses to radiation workers have been evaluating quarter

ly or monthly using TLD badge and the finger ring dosimeter. 
For the measurment of whole body dose,TLD badge capable of 

evaluating gamma,beta and neutron doses had been developed and 
applied to the routine personnel monitoring. Gamma dose is 
evaluated as lcm-deep dose equivalent by a 7Li2

11 B4 o7 (Cu) 
element behind a filter of 1000 mg/cJ thickness. Three 5Li2

10 B 4 0 7 
(Cu) elements and one 7Liz 11 B4 0 7 (Cu) element are used for evaluat
ing thermal,epi-thermal and fast neutron doses separately by means 
of Albedo method. The recording level for TLD badge are 0.1 
mSv for gamma dose and 0.2 msv for neutron dose respectively. 

Especially for workers who handle Pu02 and U0 2 in glove boxes, 
the finger ring dosimeter of TLD type have been used. Finger ring 
dosimeter consists of CaS04(Tm) enclosed in rod-type glass ampoule 
and the element is surrounded by a energy compensation filter. The 
recording level is 0.2 mSv for gamma dose. 
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3.0CCUPATIONAL DOSE STATISTICS 
The number of workers and annual collective dose for the peri

od of 1972-1986 are shown in Fig.2. The total collective dose in 
these 15 years was 5.6 man•Sv. At the early stage in the fuel 
fabrication,the collective doses were relatively high. By the 
introduction of radiation shielding and mechanization of the fuel 
fabrication process,the collective doses had decreased in the 
period of 1974-1978. But the collective doses had incresed from 
1978,because plutonium recoveried from high burn-up spent fuel 
had become treated. 

The precise dose data of 1982-1986 are shown in Table.2. 
About 250 workers had doses above the recording level(D.l mSv) 
every years. The ratio of gamma to neutron in annual collective 
doses were 0.95-1.19. Annual average doses were about 1.8-2.7 mSv 
for workers of measurable dose. 

Fig.3 shows the probability vs dose of the individual annual 
doses for fiscal years of 1984-1986 in log-normal distribution. 
About 45 % of workers over the recording level were below 1 mSv 
and 80 % of them were below 5 msv. As individual doses were cont
rolled to be kept below the investigation level (3 mSv/3 months ) 
defined in our dose limitation system,the individual highest annual 
doses have been get down to in a dose range between 8 mSv and 12 
mSv. Therefore the dose distribution did not fit to log-normal 
distribution in higher dose range over 5 msv. 

Plutonium and uranium mixed-oxide fuel have been also used at 
the Heavy Water Reactor (FUGEN) of 165 MWe. In the period of 1978-
1985,the cumulative electric output of the reactor was 0.495 GWe·y. 
The collective dose of fuel fabrication workers corresponding to 
this reactor operation was 0.416 man-Sv. The collective dose of 
plutonium and uranium mixed-oxide fuel fabrication per unit generat
ed output of FUGEN was o.84 man·Sv/GWe·y. 

The highest extrimity annual doses at finger were 17.7-61.0 
msv in 1978-1986. 
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Table.2. Doses at the plutonium fuel fabrication facilities 

fiscal 
year 

198~ 

1983 

1984 

1985 

1986 

number of number of collective dose average 
workers workers with (man· Sv) dose 

measurable (mSv) 
dose gamma neutron total 

584 266 0.26 0.27 0.53 2.0 

721 254 0.28 0.30 0.58 2.3 

692 279 0.32 0.38 0.70 2.5 

660 220 0.28 0.31 0.59 2.7 

762 231 0.21 0.20 0.41 1.8 

---0--- 1984 

----A--- 1985 

---o-- 1986 

'~9 -

cr:' r-
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f\0 1-

70 r-
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I _l I I 111 
10 

Annual dose (mSv) 

Fig.3. The log-normal distribution of 
annual individual doses 
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CONSTRUCTIONAL DESIGN PRINCIPLES ON RADIATION PROTECTION AND METHODS OF RADIATION 
CONTROL AT THE LARGE SCALE PLUTONIUM FUEL FABRICATION FACILITY OF FULLY REMOTE OPERATION 

Aso Ryoji, Ogata Harumi, Horikoshi Yoshinori, Shirai Kenji 

Power Reactor and Nuclear Fuel Development Corporation, JAPAN 

1. INTRODUCTION 

The large scale Plutonium Fuel Fabrication Facility (Pu-3rd) of PNC is designed to 
fabricate the Pu and U mixed-oxide (MOX) fuel for FBR "MONJU" and "JOYO". The fuel 
production capacity of Pu-3rd is enlarged to 5 tons MOX per year. 

The fuel fabrication process is operated by fully remote operation. 
The process consists of: 

(1) Pellet Fabrication Process 
(2) Pin Loading and Assembling Process 
(3) Analytical Chemistry Process 
(4) Storage for plutonium powder,pellets, pins and assemblies 

The external exposure to the workers at a plutonium fuel fabrication facility is poten
tially larger than that of uranium fuel fabrication facility for LWR because of the gamma ray 
emitted from Am-241, the daughter nuclide of Pu-241,and of the neutron by the reaction 
0 (a,n) Ne and spontaneous fission. 

At the existing FBR Fuel Fabrication Facility of PNC (Pu-2nd) where the operation is 
done manually, there are three operating modes which bring external exposure to the workers. 
The operating modes are: 

(1) Operation with gloves. 
(2) Observation in front of glove boxes. 
(3) Operation at instrument panels. 

We have experienced that the collective dose per unit plutonium fuel fabrication at Pu-2nd 
had been increasing due to the use of recovered plutonium from high burn-up spent fuel. 
Therefore it is the essential issue at the design stage of Pu-3rd to reduce the external 
exposure from the viewpoint of ALARA. 

Pu-3rd is constructed based on the experiences of Pu-2nd reflecting the changes for 
better and rationalization. 

This paper shows the constructional experiences of Pu-3rd focusing on the design 
principles on external exposure reduction and methods of radiation control. 

2. DESIGN PRINCIPLES 

2.1 General design principles 
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At the design stage of Pu-3rd, the requirements given in the guide of the Nuclear 
Safety Commission of Japan (1) have been taken fully into consideration in order to 
ensure the safety features. This guide lays down requirements for radiation control and 
other safety measures. 

The design criteria for radiation protection are as follows: 
(1) Shielding appropriate to an individual process should be considered in order that the 

external exposure of the personnel does not exceed the level given in radiations. 
(2) For the purpose of decreasing the internal exposure of personnel,a system of multiple 

confinement barriers should be applied 
(3) The radiation control system should be designed to maintain a good operating environ

ment. 

2.2 Design principles for external exposure reduction 

The principal causes of external exposure gotten from the experiences at Pu-2nd are 
as follows: 

(1) Direct access to the glove box and mannual handling of the radioactive materials 
(exposure sources). 

(2) Storage of the radioactive materials in the working area such as inside of glove box 
or storage box in the process room during the routine inspection and maintenance work. 

(3) Surface contamination on the inside wall of glove box caused by leakage of materials 
from the process machine. 

(4) Maintenance work at the process room staying in the high level radiation field. 

To prevent the external exposure from the causes above mentioned, the following design 
principles are incorporated: 

(a) Fully remote operation of the fabrication process from the process control room. 
(b) Prepare the intermediate storages for feed powder and pellet. When the operators need 

to enter the process room, the radioactive materials are transfered to the storage 
before entrance. 

(c) The powder process machines are improved with high containment ability and powder 
feeding is done by double containment system. 

(d) Glove boxes are designed to be separable to each other. When it needs to maintain the 
machines, the glove box and the machine are separated in the lump and transfered to 
the maintenance room where the radiation level is kept to be at the background level. 

3. RADIATION CONTROL DESIGN FEATURES 

3.1 External radiation monitoring 

Features of external radiation monitoring are as follows: 

(1) A fixed area monitoring system is applied to the facility. Sign~ls and alarms from 
the detectors can be observed on the centre panel in the radiation control room. 
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C2) Each monitor consists of couple of gamma ray monitor and neutron monitor. The G-M 
detector for gamma monitor is improved to have good respose to the dominant gamma 
ray energy of 59.5 keV from Am-241. 

(3) Each monitor is installed at the entrance of the process room to be able to judge 
whether it is permissble to enter or not. 

(4) Entrance to the process room is limited under the normal operation mode that the 
radioactive materials exist in the room. The entrance limitation indicators are 
installed at the entrance of the rooms. 

3.2 Air contamination monitoring 

Features of air contamination monitoring are as follows: 

(1) A continuous airborne radioactivity monitoring and sampling system is applied to the 
facility, Signals and alarms from the detectors can be observed on the centre panel 
in the radiation control room. 

(2) Alpha ray energy to be detected is limited to the range of 3.5 MeV to 5.5 MeV 
focusing on the alpha ray from the plutonium nuclides. 

(3) The monitoring system has alpha ray energy spectrum analyzers to be able to 
distinguish between natural alpha emitters such as Rn-Tn daughters and plutonium 
nuclides as early as possible just after alarm. 

(4) The airborne trap for air sampling of the process room is installed outside of the 
room to prevent external exposure of workers who change the airbone sampling filters. 

4. BENEFITICAL ESTIMATION OF EXPOSURE DECREASE RESULTED FROM FULLY REMOTE OPERATION 

The cumulative collective dose for FBR Mox fuel fabrication at Pu-2nd is about 2 man Sv 
during the period from 1981 to 1986. Total amount of fuel production in this period is about 
2.5 Ton· MOX. Therefore the average collective dose per unit fuel production is estimated to be 
about 0.8 man Sv/Ton • MOX. 

If the operation at Pu-3rd is done by manual handling, the annual collective dose is 
estimated about 4 man Sv/y based on the exposure at Pu-2nd above mentioned. This value means 
that the individual annual collective dose amounts to 40 mSv/y for each of one hundred workers 
at Pu-3rd. 

It can be done to calculate benefitical estimation of exposure decrease resulted from fully 
remote operation of Pu-3rd. 

Benefitical estimation is measured by quantity of 
a) collective dose per unit fuel production; man Sv/Ton • Mox 
and 
b) collective dose per unit energy production ; man Sv/GW(e)y 

comparing between the actual result of Pu-2nd and design objective of Pu-3rd 

The results of estimation are shown in table 1. 
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Table 1 Benefitical estimation of exposure decrease 

result of Pu-2nd 

Amounts of fuel 2.5 Ton • MOX 
production (1981 '""1986) 

Collective dose 2.0 
man Sv/2.5 Ton • MOX 

Collective dose per 0.8 
unit fuel production man Sv/ Ton · MOX 

* Design burn-up 50,000 MWD!MTM 
of fuel (JOYO MK- II) 

Collective dose per 18 ** 
unit evergy production man Sv/GW(e)· y 

objective of Pu-3rd 

5.0 Ton • MOX/y 

2.3 xlQ-z 
man Sv/5 Ton • MOX 

4.6 xlQ- 3 

man Sv/ Ton • MOX 

* 80,000 MWD/l1TM 
(MONJU) 

6.3 x10-z ** 
man Sv/GW(e) • y 

* l1TM (Metric Ton Metal) = 0. 9 Ton • l10X 

5. CONCLUSIONS 

** GW(e) · y = MWD +365(day/y) X0.3 electric x1Q- 3 (Giga/l1ega) 
efficiency 

Pu-3/Pu-2 

1 

180 

1 

280 

The large scale plutonium Fuel Fabrication Facility (Pu-3rd) has started its uranium 
test operation on November 1987. The effect of constructional design principle on radiation 
protection will be demonstrated through the following fullscale operation. 

It will be the subject to the health physicist to develop and establish the administra
tive standards and procedures for radiation protection and control at a fully remote 
operating facility based on the experiences of Pu-3. 

Reference 

(1) Fundamental Guide to safety Examinations of Nuclear Fuel Processing Facilities, 
Nuclear Safety Commission of Japan(1980). 

1468 



ANALYSIS OF MEASUREMENTS IN EUROPE FOLLOWING 
THE ACCIDENT OF CHERNOBYL NUCLEAR PLANT. 

D. ROBEAU*, A. ALBERGEL**, I. WARTENBERG* 

* IPSN/DPS Commissariat a l'Energie Atomique FONTENAY AUX ROSES FRANCE 

** DER/SAEE Electricite de France CHATOU FRANCE 

INTRODUCTION 

A long-range pollutant transport and deposition model, developped by 
Electricite de France (Aquatic and Atmospheric Evironment Department) and 
Meteorologie Nationale (Franch Weather Service), is used to analyse the 
Chernobyl radioactive plume dispersion over the European continent. Model 
predictions are compared to field measurements of 137 cs activities in the 
air from April 26th to May 5th, 1986. 

THE DATA BASE 

During and following the accident on the Chernobyl Nuclear Power Plant 
RBMK 1000, European countries have done many measurements, either on a 
permanent basis used for environmental survey, or exceptionally taking into 
account the importance of the Chernobyl disaster. 

Measurements presented in this paper have been done from April 28th to 
May 12th 1986. The results are concentrations of Caesium 137 in air, in 
term of radioactivity expressed, in Becquerel per cubic meter. Atmospheric 
concentration has been measured using an air pump connected to a filter 
retaining particles of aerosols. The period of measurement is 24 hours, 
generally from morning to next morning. 

As regards the results of measurements done, they should be modified 
by the uncertainties due to : the yield of the filter, the calibration of 
the~ counter, the sampling, the measurement itself. 

In French laboratories, the yield of the paper filter is near 65 % if 
the size of particles is represented by a log-normal distribution with a 
mean and a standard deviation respectively of 0,3 ~ m and 2 ~ m. 
Granulometric measurements have shown that the size of measured particles 
is near 1 ~ m, and consequently the yield of the filter can be estimated to 
80 %. 

The uncertainty due to ~ counter calibration is about 10 % of the 
value of the measurement. The uncertainty due to the measurement itself is 
included in 25 % to 2 % in function of the value of the radioactivity of 
Iodine 131. This same uncertainty concerning Caesium 137 is between 40 % 
and 2 %. 
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IT AIR MASS TRAJECTORIES 

IT-a) Air Mass Trajectories 

The computation of three-dimensional trajectories was accomplished 
using the synoptic wind field and vertical velocities obtained from the 
analyses of the E.C.M.W.F. 

The use of vertical velocity eliminates constraints associated with 
the level of the trajectory (isobaric trajectories, for instance). Only the 
exact location and altitude of the trajectory at the starting point are 
required. General studies have been made to evaluate this trajectories 
computation (Martinet al. (1987)). It is shown that the kinematic and 
geographical location of air masses were improved with this method. 

The computed trajectories for the Chernobyl accident provide interesting 
qualitative information (Strauss B. and Gros J.M. (1987)), but are not 
sufficient to explain all the measured data. In consideration of mean plume 
rise, three sets of trajectories beginning respectively at 925, 850 and 
700 mb have been computed. These levels characterize the diurnal evolution 
of the mixing height over the emission area. 

To simulate the meausrement taken ten days after the Chernobyl 
accident (April 26th, 0 GMT), eighty trajectories (i.e. a new trajectory 
every three hours) for the three plume rise levels have been determined. 

IT-b) Dispersion and Deposition 

Assuming the plume centerline follows a trajectory defined by straight 
line segments, a Gaussian concentration field is generated, at a given 
time, around each segment. A plume segment is characterized by its initial 
polluant content and its total travel distance. The effects of material 
removal and plume processes are taken into account to respect the pollutant 
balance at each segment. 

IT-c) 137 cs Source Term 

The total source term was evaluated by the USSR authorities and 
published at the Vienna Conference in August 1986. For the 137 cs, the value 
is 3.7 1016 Bq. 

The daily emission percentage were provided by the French atomic 
Energy Agency : 24 % on April 26th, 8 % on April 27th, 6,8 % on April 28th, 
5,2% on April 29th, 4% on April 3oth, 4% on May 1st, 8% on May 2nd, 14 
%on May 3rd, 14% on May 4th, 1986. 

A relation between pollutant emissions at 
(925, 850 and 700mb) was established in regard 
This evolution, determined by the radiosoundings 
and midnight, allows to built the chronology 
each level (925mb, 850mb, 700mb). 
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ill - COMPARISON WITH MEASUREMENTS 

As not enough dry wet deposition measurements were available, only the 
actual daily air activity averages are compared. 

To quantify the correlation 
results, the order of magnitude 
considered. 

between measured data and computation 
(i.e log10 of the 137 cs activity) is 

In figure 1, measured points are plotted against computed values. 
Three linear regressions are drawn. The correlation coefficient is 0.57. 
The total number of plotted values equals 402. 

The number times the 
measurements are also counted 
line and the first column are 

Table 1 shows that : 

model results agree, over or underestimate 
and presented in contigency tables. The first 
reserved for values lower than 10· 3 Bq.m- 3 . 

The model underestimates the measured data in 11 % of all 
cases. 

The model 

The model 
10 % of 

overstimates the measured data 35 % of cases. 

predicts no pollution where some 137 cs was measured in 
cases. The model predicts pollution where no activity was 

measured 2 % of cases. 
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CONTINGENCY TABLES COMPARISON MODEL/MEASUREMENT 

TABLE I EUROPE no·w. 40•E. 35•N. 65.N) 

Am <-3 -3~Am<-2 -2~~-1 -1~Am<O O~Am<1 1<-Am<2 2<-Am<3 

c<-3 17 3 18 33 22 0 1 94 
-3~Ac<-2 2 0 0 1 3 0 0 6 
-2~Ac<-1 4 0 6 9 14 0 0 33 
-1~Ac<O 1 0 6 5 35 1 0 48 
O~Ac<1 1 1 2 25 188 4 0 221 
1~Ac<2 0 0 0 0 0 0 0 0 
2~Ac<3 0 0 0 0 0 0 0 0 

25 4 32 73 262 5 1 402 
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THE SWISS EMERGENCY REFERENCE LEVELS AND THEIR 
APPLICATION IN THE CHERNOBYL-CASE 

P. Honegger, H. Loosli, U. Niederer, 
M. Zgraggen and A. Zurkinden 

Federal Office for Public Health 
National Emergency Monitoring Operations Centre 

BAG/Sektion Uberwachungszentrale 
Postfach, 8044 Zurich, Switzerland 

ABSTRACT 

The Swiss radiological emergency response planning system has been adopted by the Federal 
Commission of Atomic and Chemical Protection (KAC) in the year 1982. The system recognizes 
four phases of response; the phase of the accident, the preventive phase (predetermined protec
tive actions), the early and the long-term phase of t.he contamination. The principal exposure 
pathway for thcl preventive phase is the whole-body external exposure from the plume (NPP
accidents) and from deposited material (nuclear weapoDJ fallout and NPP-accidents); for the 
early phase (about the first two days) mainly the external pathway but alao the inaestion of con
taminated food and water; for the lona-term phase the inaeation and with dtcreaaina aianificance 
whole-body ext•,rnal. 

The system of the external emersency reference levels specifies the action-levels for the predic
ted external dose (dose equivalent) to initiate immediately predetermined protective actions in 
predetermined areas. The predicted dose is the dose that would be received by individuals in the 
population if no protective action were taken. The primary protective actions may be staying in 
the house or sheltering. They are preventive actions and should be initiated in advance of any 
irradiation hazard. Evacuation will be carried out after a deposition of radioactive material has 
occured and will be based on measurina results. 

The reference level for the insestion defines the projected fint-year dose (dose commitment) re
sulting from the consumption of contaminated food and water below which countermeasures are 
unlikely to be justified. In the swiss concept this reference level is the buic standard. Derived 
levels will be established only in the real cue of an accident, considerina the special situation of 
it like amount and concentration of critical nuclides in the different foodstuffs, nourishina beha
vior of critical population-groupe&, veaetatioa-period, possibilities to replace the contaminated 
food by other one's or to store it, until the acitivty hu decay&d, and so on. When it seems likely 
that a radiation dose will exeed the reference level, countermeasures should be undertaken provi
ded that a substantial reduction of dose is to be achieved. If the projected doses will only be 
moderately in ucess of the reference level, the countermeasures should be such that they do not 
involve unacceptable risk or loss of income to the community. 

During the Chernobyl~contamination parts of this emergency response system had to stand the 
test, specially the concept for the ingestion pathway. It showed clearly its advantaaes, e.a. flexi
bility to react specifically to the aiven situation, but also the limits. It wu mearly impossible to 
explain to the public, why we didn't have well defined and published activity levels for the food 
like our neighb<1uring states. 
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MEASURED TRANSFER FACTORS IN MILK AND MEAT AFTER THE CHERNOBYL 
REACTOR ACCIDENT 

H. Bonka, J. KOppers, M. Maqua 
Lehrgebiet Strahlenschutz in der Kerntechnik, RWTH Aachen 

INTRODUCTION 

After the nuclear reactor accident at Chernobyl the radioac
tivity in the environment in Aachen was measured in detail at the 
Lehrgebiet Strahlenschutz in der Kerntechnik /1/, /2/, /3/. The 
change of the different radionuclides in the eco-system made it 
possible to obtain radioecological parameters especially for 
iodine and caesium. The knowledge about the transport of iodine 
into cow's milk could be very much improved. 

TRANSFER FACTOR OF IODINE INTO MILK AND MEAT 

After the enhancement of the specific activity of I 131 in 
grass (starting May 1, 1986 /3/), the cow's milk of 4 larger 
farms and 1 small farm has been analyzed continuously using 
a-spectrometry. Fig. 1 shows the change of the activity concen
tration of I 131 in the milk of farm B (36 cows) in the south of 
Aachen, starting with May 4. Because of the bad weather, the cows 
had only been on the meadow since a few days. Until May 9, they 
always grazed on the same part of meadow. Since may 10, the 
animals were lead to a new separated part of meadow every day. 
Since approx. May 23, the cows fed only grass, approx. 65 kg/d, 
except for approx. 3 kg/d of concentrated feed, , see Fig. 4. The 
right part of Fig. 1 shows the change of the specific activity in 
grass. Detailed information of the first 10 days can be found in 
/3/. 
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Fig. 1: Activity concentration of I 131 in cow's milk and speci
fic activity of I 131 in the grass of farm B in Aachen 

The tr.ansfer factor Tmi and the effective removal rate 
constant ~~~ have been calculated using the least squares me
thod. Surprisingly, the transfer factor of 0.002 d/1 is about a 
factor of 5 smaller than it has to be used in the Federal Repub-
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lie of Germany in licensing procedures. Using the results in 131 
it could be clarified why the transfer of I 131 from the air into 
the m i 1 k i s over est i mated by .a factor of appro x . 5 I 4 I when us i n g 
nowadays parameters 141. ~~t = 0.57 1ld for I 131 corresponds 
approximately with the values given in various publications. 

Measurements of goat's milk of a small farm give the activi
ty concentration in May 1986 shown in Fig. 1. Compared with the 
milk of a cow grazing on the same meadow an I 131 activity 
concentration in goat's milk results which is approx. 3.4 times 
higher. Assuming a feed rate of 6 kgld, a transfer factor for 
goat's milk of approx. 0.07 dll results. Ewe's milk from the area 
of Aachen was not available for radioactivity measurements. From 
some iodine measurements in beef it can be derived that the 
transfer factor into meat is approx. equal to the transfer factor 
of iodine into milk being 0.002 dlkg. 

TRANSFER FACTORS OF CAESIUM INTO MILK AND MEAT 
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Cs 137 1n the cow's m1lk of form 8 

May1,1986 

Fig. 2 and 3 show the change of the 
specific activity of Cs 137 in the 
cow's milk of farm B in the south of 
Aachen. The activity supply can be 
derived from Fig. 4. In June 1986 it 
was tried with the same method used 
for I 131 to calculate the transfer 
factor into cow's milk and the 
effective removal rate constant using 
the least squares method, see Fig. 2. 
The transfer factor is 0.003 dll. In 
the frame of licensing procedures a 
value of 0.01 dll is used in the Fede
ral Republic of Germany. The measure-
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Fig. 2: 

-t 

Activity concen
tration of Cs 137 
in cow's milk of 
farm B in Aachen 

showed, that the transfer factor in 
milk became larger, see Fig. 3. Solu
bility tests on aerosol particles 
showed that only approx. 45 % of the 
caesium was soluble in distilled 
water. A transfer factor of approx. 
0.007 dll resulted for the two pe
riods of September and October 1986 

and 1987 when a certain equilibrium occured. During the feed with 
grass ensilage from Jan. 1 until April 25, 1987 with grass that 
was cut in the middle of June 1986, a transfer factor of approx. 
0.003 dll resulted similar to May 1986. In goat's milk the acti
vity concentration of Cs 134 and Cs 137 was about a factor 1.4 
higher than in cow's milk, see Fig. 2. In ewe's milk the enhance
ment was about a factor 1.5. 

Concerning beef the information are not so detailed as for 
milk. Up to the end of 1986 we only analyzed the meat of animals, 
that had been slaughtered at the Aachen slaughter house. After 
that more meat of two butchers which sell only meat from animals 
from the Aachen area, was measured. Although the deposited acti
vity was nearly constant in Aachen 121, the specific activities 
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Specific activity of Cs 137 in feed of cows and feed 
rate of the different feed of farm B in the south of 
Aachen 

differ a lot. This is caused by the fact that in the Aachen area 
the animals are fed as well with grass ensilage of higher speci
fic activity as with indian corn ensilage of turnip ensilage with 
lower specific activity. The development of the specific activity 
concentration in Fig. 5 and of the activity concentration in Fig. 
3 shows that the transfer factor into beef is about 2.5 times 
higher than into cow's milk. If the caesium in the plants is 
totally available for the animals, the transfer factor is approx. 
0.017 d/kg. The effective removal half-life of Cs 137 in the meat 
of beef is approx. 50 d. The specific activity in the meat of 

1476 



bulls is up to a factor 5 higher than in cow's meat. 
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Fig. 5: Specific activity of Cs 137 in beef of animals of the 
vicinity of Aachen 

Measurements of veal showed that the specific activity is 
approx. 1.5 times higher than in beef. The specific activity in 
pork was nearly constantly approx. 7 Bq/kg. In goat's meat the 
specific activity of caesium is approx. 1.4 times higher than in 
beef. The variation with the time of the specific activity of 
Cs 134 and Cs 137 in the meat of deers and wild boars is shown in 
/2/ for 1986. 

The measurements were sponsored by the Bundesminister fur 
Umwelt, Naturschutz und Reaktorsicherheit under the number 
St. Sch. 1026. 
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RADIOLOGICAL IMPACT OF THE REACTOR ACCIDENT AT CHERNOBYL ON THE 

HUNGARIAN POPULATION 

Sztanyik, L.B., Kanyar, B., Koteles, G.J., Nikl, I., Stur, D. 
"Fr~d~ric Joliet-Curie" National Research Institute for Radiobiol
ogy and Radiohygiene, H-1775 Budapest, P.O.Box 101, Hungary 

ABSTRACT 

The accident of the Chernobyl nuclear power plant at the end 
of April 1986 has resulted in the release of radioactive sub
stances in considerable amounts. The meteorological conditions 
that prevailed at the time of the accident and during the subse
quent days facilitated dispersion of the airborne pollution and 
contamination of the environment over almost the whole continent. 
The first contaminated air masses appeared over the territory of 
Hungary from north-east during the night from 29 to 30 April. A 
second, somewhat smaller and a third, somewhat higher contamina
tion occurred from the south - south-east direction on the 3rd of 
May and between the 6th and 8th of May, respectively. In determi
nation of the magnitude of the environmental contamination and 
assessment of its radiological significance as well as in elabora
tion of recommendations on the measures which were believed to be 
necessary for the protection of the public, surveillance systems 
and institutes of several national authorities and organizations 
have participated, including also the Radiological Controlling 
and Data Providing Network of the Ministry of Health. Results of 
radioactivity and radiation measurements, assessment of the situ
ation developed and recommendations on protection of the popula
tion made by this system are summarized in this paper. 

1 . CONTAMINATION OF THE DOMESTIC ENVIRONMENT 

Arrival of radioactively contaminated air masses was first 
detected in the northern and north-western regions of the country 
during the night from 29 to 30 April. A somewhat less pronounced 
second contamination occurred on the 3-4 May and a more signifi
cant third one on the 6-8 May from the direction of south and 
south-east. 

With the aid of gamma spectrometry analysis, typical fission 
products were found in the aerosol samples, such as Zr/Nb-95, 
Mo-99, Ru-103, I-131, Te/I-132, Cs-134 and 137, Ba/La-140, Ce-141 
and 144. 

These airborne radionuclides settled down on the ground sur
face by either dry or wet deposition influenced by the local me
teorological conditions and, in particular, by rainfall patterns. 
The site specific increments in dose rates of environmental radi
ation measured outdoors at 123 selected points of the country in 
the early post-accident period have given a reasonable good infor
mation on the geographical distribution of the surface contamina
tion over the whole Hungary. 

According to these measurements, the region of Budapest was 
one of the most heavily contaminated areas of the country. Thus, 
the results obtained in Budapest on the levels of radioactive con
tamination of the environment and food-stuffs could be taken as 
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representative values for the most contaminated parts of our 
country. 

Time integrated radionuclide composition of the aerosol in 
Budapest can be seen in Table I. 

Table I. Radionuclide composition of the aerosol and fallout in 
the region of Budapest 

Sample Radionuclides 
Mo-99 Ru-103 I-131 I-132 Cs-134 Cs-137 La-140 

Aerosol 
29 April-8 May 1. 28 13.95 11 • 2 0 16.25 1 . 89 3.48 o. 72 
Bq.d.m-3 

Fallout 
29 April-9 May 1.09 16.11 3.55+10.19+ 2.28 4.71 2.55 
Bq.m-3 

+About 5/6 fraction of the radioiodine isotopes has been lost due 
to evaporation and incineration of the fallout samples. 

In addition to the radioactive iodine absorbed to the air
borne particulates (aerosol), about 1.5-2.5 times as much radio
iodine was present in the atmosphere in vapour form. Accordingly, 
the maximum I-131 activities that could be inhaled in the region 
of Budapest by infants, children, adolescents and adults between 
29 April and 8 May were about 150, 400, 750 and 1000 Bq, respect
ively, in case they spent all the time outdoors, and considerably 
lower if a significant fraction of time was spent indoors. Assum
ing that, in reality, at least 3/4-2/3 part of the day is spent 
indoors, the committed dose equivalent for the thyroid was about 
100-150 uSv, and the committed effective dose equivalent about 
3-4.5 usv, ~t most. 

The radioactive contamination of the atmosphere was washed 
out almost completely by a widespread rainfall during the night 
from 8 to 9 May. The radionuclide composition of the fallout can 
also be seen in Table I. This composition changed rapidly in the 
subsequent days and weeks depending on the half-life of each 
radionuclide. Gamma-emitting radionuclides deposited on ground 
surface were primarily responsible for the increase in the envi
ronmental dose rate observed in the early post-accident period. 

The outdoor gamma dose rate in Budapest reached a maximum of 
430 nGy.h-1 on 1 May. This was about 4.5 times higher than the 
average background level during the preceding years. From the 2nd 
of May, it started to decrease rapidly. The country-wide average 
of environmental dose rate of 86.8+10 nGy.h-1 measured outdoors 
in the years of 1983-85 increased to 106.4+22 nGy.h-1 in 1986. No 
significant increase was detected in the indoor dose rates. The 
per caput increment in annual effective dose equivalent received 
by the Hungarian population from external sources in 1986 was es
timated to be about 25 usv. 

2. CONTAMINATION OF WATER AND FOOD-STUFFS 

Activity concentrations of radionuclides in surface and un
derground water resources remained so low throughout the whole 
post-accident period that contribution of drinking water to the 
exposure of the population was considered to be negligible. 
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During the first days of May, the same radionuclides could 
be detected in samples of grass and vegetables as in air and soil 
samples. Maximum concentration of I-131 of about 10 kBq.kg-1 wet 
weight was measured in grass samples on 1-2 May. Concentration of 
Cs-137 in grass samples went up to 2-2.5 kBq.kg-1 wet weight at 
the beginning of the month. These concentrations decreased fast 
to about 0.05-0.15 kBq.kg-1 till the end of May. Radioactive con
tamination of vegetables was lower than that of grass by a factor 
of 2-3, at least, and was mainly attributable to surface contami
nation that could be partially removed by repeated and careful 
wash in running water. No contamination was found on vegetables 
grown in green-houses or under plastic tent. Relatively low and 
readily removable radioactive contamination was on the surface of 
fruit, such as cherry and strawberry. 

Based on these contamination data, state farms and agricul
tural cooperatives were requested by the Government to discon
tinue grazing of animals, and the population was adviced to wash 
all leafy vegetables (lettuce, sorrel, spinach) carefully prior 
to consumption. 

Grazing of farm animals in the early post-accident period 
resulted in a rapid increase in concentrations of I-131, Cs-134 
and Cs-137 in fresh milk. Maximum concentration of I-131 was found 
to be about 1.5 kBq.l-1 in the first days of May, and that of 
Cs-137 around 50 Bq.l-1 between 5 and 15 May. Concentrations of 
these radionuclides remained significantly lower in milk collected 
from differently contaminated areas, but blended and put on market 
by the dairy industry. The maximum concentration of I-131 in milk 
marketed in Budapest was less than 200 Bq.l-1 and that of Cs-137 
less than 50 Bq.l-1 all the time. Milk with a particularly high 
contamination level was withdrawn and either converted into milk 
products of a longer shelf-life or used for animal feeding. 

No particularly high concentration of I-131 was detected in 
meat of animals, such as pig and cow, except in their thyroid 
glands, during the second half of May and the first half of June. 
Concentration of Cs-137 was 25-60 Bq.kg-1 in beef and 10-70 
Bq.kg-1 in pork during the same time period. A rather slow dec
rease in Cs-137 concentration of meat could be observed there
after. 

Average concentrations of Cs-137 in cereals, such as wheat 
and rye, produced in various regions of the country in 1986 were 
about the same and fell within the range of 10-80 Bq.kg-1. Radio
caesium was detected in much lower concentrations in crops, mi.lk 
and meat products of the subsequent year in spite of the fact 
that the upper 5 em layer of soil still contained about 50-60 
Bq.kg-1 Cs-137. 

3. RADIONUCLIDES IN THE HUMAN BODY 

Monitoring of 35 adults and 4 children during the first half 
of May, who had spent the days of radioactive contamination of 
the environment in various regions of the country, revealed that 
the maximum detectable content of I-131 in their thyroid glands 
was 0.4 kBq and that in their bodies was 0.93 kBq. Some other 
radionuclides, including Mo-99, Ru-103 and Cs-137 were just de-
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tectable in a few cases. 

From May 1986 to September 1987, additional 160 persons of 
both sexes and different ages have been examined in regard to the 
Cs-137 content of their bodies. Of these, 23 were adolescents of 
12-17 years old. The results of these studies are given below. 

Table II. Results of personal monitoring for whole-body content 
of Cs-137 

Parameters adults adolescents 
males females males females 

Number of persons 69 68 1 5 8 
Number of measurements 142 144 16 11 
Average Cs-137 content, Bq 1024 638 963 779 
Average body-weight, kg 77.5 62.2 60.9 55.2 
Average Cs-137 concentra-

tion, Bq.kg-1 13.2 10.3 15.8 14. 1 

In 1986, the average body content of Cs-137 in both sexes 
increased steadily from about 530 Bq to 570 Bq. This increase be
came much faster at the beginning of 1987 resulting in a maximum 
of about 1050 Bq in July and followed by a rather steep decrease 
afterwards, reaching a level of somewhat less than 700 Bq in Sep
tember. 

A loose correlation could also be established between the 
body content of Cs-137 and its daily excretion rate in the urine. 
According to our measurements, 1000 Bq body content corresponds 
to an average excretion rate of 8.5 Bq.l-1 of Cs-137. 

Average concentration of Cs-137 was found to be about 2.7 
Bq.kg-1 in embryonic tissue, 4.25 Bq.kg-1 in placental tissue, 
and 8.75 Bq.kg-1 in the body of adult females in the period of 
June 1986 to April 1987. These data seem to suggest a discrimi
nation ratio of 1:3 between embryonic and adult tissues and 1.2 
between placental and adult female tissues. 

4. INCREMENT IN EXPOSURE OF THE POPULATION 

On the basis of the preceding data, the national average 
increment in the annual exposure rate of individual members of 
the Hungarian population in 1986 might have been about 100 uSv 
effective dose equivalent, somewhat higher for children andsome
what lower for adults. The maximum increments in the most heavi
ly contaminated areas might have been about 2-4 times higher. 
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BHOPAL AND CHERNOBYL - A COMPARISON 

Hernant Kumar, H. Chandrasekhar, P. Rarnaseshu, 
M.M. Gupta, A.R. Reddy and A. Nagaratnarn 
Defence Laboratory, Jodhpur 342001, India 

ABSTRACT 

Mankind witnessed two catastrophic industrial accidents in this 
decade, one in the chemical plant at Bhopal due to release of the toxic 
gas methyl-iso-cyanate, and the other in the nuclear power plant at 
Chernobyl. For bott1 the events the extent of damage has been well docume
nted. This communication attempts to compare the co:1sequences of the 
two types of accidents and to critically examine how legitim:~te such 
a comparison is? 

A software programme developed for a personal computer to predict 
quickly the plume propagation and exposure levels in the event of an 
accidental radioactivity release in air has been utilised to create 
mock nuclear reactor conditions with release characteristics corresponding 
to Chernobyl but meteorological and. demographic parameters simulating 
those of Bhopal. The consequences of this simulated accident have been 
compared with those of the Bhopal disaster. It turns out that although 
a Chernobyl-type accident at Bh:Jpal would have affected a larger area 
than in the case of the actual spread of MIC, the immediate death toll 
would have been much smaller. 

Delayed effects of Chernobyl may be estimated from the committed 
dose equivalent using accepted risk coefficients. The corresponding 
situation for MIC release consequences is quite unsatisfactory. Prelimi
nary data obtained by surveys of the Indian Council of Medical Research 
reveal incidence of delayed effects (like abortions, stillbirths and 
chromosomal abberrations) which are normally associated with radiation. 
A tentative attempt has been made to correlate the damage in terms 
of equivalent radiation doses. 
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THE IMPACT OF THE CHERNOBYL ACCIDENT ON NORWAY 

G.C. Christensen 
Institute for Energy Technology, N-2007 Kjeller (Norway) 

INTRODUCTION 

As the fallout from the atmospheric nuclear weapons tests 
gradually decreased during the 1970s, the national preparedness 
and analytical capacity in Norway gradually disintegrated as 
well. The Chernobyl accident was therefore met without any over
all contingency preparedness plan. The affected governmental bod
ies and other institutions had to improvise their first steps, 
including information to the public, until necessary coordination 
had been established. A complicating factor was the change of go
vernment during the first days of May 1986, the reasons for this 
had however nothing to do with the reactor accident. 

A great deal of uncertainty prevailed about the accident and 
its consequences, especially during the first days after the ac
cident. The Ministry of Health and Social Affairs and the Minist
ry of the Environment in May 1986 both appointed committees to 
report on the accident and its impacts and on a future prepared
ness system, although their given terms of reference were not 
identical. A third committe was appointed in June by the the Min
istry of Health and Social Affairs to report on the "information 
crises" in connection with the accident. 

AIR CONCENTRATION AND DEPOSITION ON THE GROUND 

The peak concentration of the fallout from the Chernobyl re
actor accident was first detected by permanent air monitor stati
ons in the Oslo region in the morning of 28 April 1986. Probably 
contaminated air of lower concentration had already reached the 
country 

3
during the night. The maximum air concentration, 2-3 Bq 

Cs-137/m , was recorded during 28-29 April. Th~ concentration of 
total I-131 at the same time was about 19 Bq/m . The existing air 
monitoring stations in other parts of the country had no facili
ties for immediate evaluation of the activity. It therefore took 
some time before the air concentrations outside the Oslo region 
were known, and that was heavily criticized in local newspapers. 
The air concentrations in the Trondheim region, and probably in 
other regions as well, had in fact been just as high as in Oslo. 

The deposition pattern turned out to be rather complex, due 
to local precipitation in many areas while the air concentration 
was high. The deposition mapping was done by measurements of the 
direct gamma radiation from the ground, and also by soil sampling 
where four samples from each municipality should represent a mean 
value of the deposition in that municipality. In so'e municipali
ties the mean depositi~n was higher than 80 kBq/m , and certain 
areas exceeded 200 kBq/m . It has been calculated that Norway re
ceived about 1200 TBq of Cs-134 and 2300 TBq of Cs-137, corre
sponding to 6 % of the amount released from the reactor. 
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ACTION LEVELS 

The only action levels put into force in Norway applied to 
radioactivity in food, concerning food sales only and not con
sumption of food supplied of one's own. At the earliest stage the 
levels for all types of food were 300 Bq Cs-137/kg and 1000 Bq 
I-131/kg. The iodine level remained unchanged, but the levels for 
radiocaesium were revised in June 1986 to be 370 Bq/kg for milk 
and baby-food and 600 Bq/kg for all other food, now including 
both Cs-134 and Cs-137. An increased level of 6000 Bq/kg was ap
plied to reindeer and game meat in November 1986 and to fresh 
water fish in July 1987. The iustification of the increase was 
that it would only lead to a modest incremental dose to the nor
mal consumer. 

FOOD MEASUREMENTS AND ACTIONS TAKEN 

The radionuclides of concern in food were Cs-134 and Cs-137, 
only. All concentrations mentioned below refer to total radio
caesium in fresh food. The concentrations in dairy milk increased 
from the end of May until the beginning of August 1986 when they 
started to decrease. The monthly mean value of radiocaesium in 
milk from any local dairy did not exceed 100 Bq/litre in 1986, 
and all types of white cheese, butter and casein had negligible 
contents. Meat from cattle contained in 1986 generally less than 
600 Bq/kg, and the content of pork was close to zero. 

The number of sheep in Norway is about 2 millions, and dur
ing the summer these animals are normally grazing in the mountain 
fields of which many received considerable amounts of fallout. By 
their return to the villages in the autumn 1986, only 70 % of the 
sheep had a body content of radiocaesium below 600 Bq/kg, and 3 % 
had more than 2000 Bq/kg, some even above 15000 Bq/kg. The others 
were given a special diet of low activity fodder with certain ad
ditives. Within 4-6 weeks, the body content of most of these ani
mals was less than 600 Bq/kg. Similar treatment was given in 1987. 

Most of the domesticated and wild reindeer areas in Norway 
south of the polar circle were heavily contaminated. Some animals 
had a body content of nearly 90000 Bq/kg in the spring 1987, at 
the end of the lichen feeding period. The meat from domesticated 
reindeer from this part of the country will exceed 6000 Bq/kg for 
several years. Although Northern Norway had very little Chernobyl 
fallout, the radiocaesium content of its domesticated reindeer 
nevertheless exceeded 600 Bq/kg already in the autumn 1986. As a 
consequence, about 85 % of the country's annual production of do
mesticated reindeer meat would not have been allowed sold, pro
bably for several years, if the action level had not been increa
sed to 6000 Bq/kg. This might have had serious social consequen
ces for the Lapp population and culture. 

Cultivated Atlantic salmon and other marine products were 
very little affected by the Chernobyl fallout. The radiocaesium 
content of the salmon was below 10 Bq/kg in 1986. Also the con
tent of cultivated fresh water fish was low all the time. The 
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situation for wild fresh water fish was on the other hand less 
satisfactory, and in July 1986 all sales of such fish from nearly 
50 municipalities were forbidden. Trout or char from some lakes 
in the most heavily contaminated areas exceeded even 50000 Bq/kg 
at the end of the summer 1986. Great variations were however ob
served, both among individual fishes, species and lakes. About 25 
percent of the Norwegians are engaged in gamefishing in some way 
during the summer season, and the high radioactivity content in 
the fish caused a considerable public concern. 

The highest radiocaesium concentration found in human milk 
was 20 Bq/litre in a sample from a woman who lived in the worst 
contaminated municipality, but most of the samples contained less 
than 5 Bq/litre. Except from very early lettuce and parsley, the 
radioactivity in vegetables has been low all over the contry, and 
the content of cereals has not exceeded 5 Bq/kg. Most of the lake 
and river waters measured in June 1986 had concentrati ons below 
5 Bq/litre. Cistern water could contain as high as 10 kBq/litre 
in some areas, mainly iodine-131, just after the fallout. The po
pulation were recommended not to drink such water for some weeks. 

TOTAL EXPOSURE OF THE POPULATION 

The estimated individual and collective dose equivalents to 
the Norwegian population (4 million) the first year after the 
Chernobyl accident are given in the table below and compared with 
the background radiation doses. The total collective dose for all 
years after the accident is expected to be 2900 manSv, compared 
to 6200 manSv if no action levels had been established. 

TABLE. Estimated dose equivalents to the Norwegian population 
the first year after the Chernobyl accident 

Radiation source 

Natural background 
Radon 
Medical X-ray 

Nat. and med. rad. total 

Inhalation 
External gamma 
Food 

Chernobyl fallout total 

Individual dose (mSv) 
Mean 

1 . 2 
4.0 
1. 0 
6.2 

0.01 
0.10 
0. 16 
0.27 

Range 

1.0 - 15.0 

0.01 -
0 

0.06 
2.3 

- 31 0 

Collective dose 
(manSv) 

4990 
16600 

4150 
25740 

43 
414 
663 

1120 

In October 1986 the Directorate of Public Health issued some 
general dietary guidelines concerning consumption of food of high 
radiocaesium content. Some preliminary studies indicate that the 
guidelines have largely been followed. The real individual doses 
to members of population groups like hunters, anglers, and sheep
and reindeer-breeders are therefore much smaller than those ex
pected if their normal food consumption habits had not been alt
ered. The 31 msv dose in the table is thus probably too high. 
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DIFFERENT OTHER IMPACTS 

The lack of an efficient governmental information service 
which could meet the very large demand from the media and the po
pulation in the early stage, placed a heavy additional burden on 
the employees of the involved institutions. Inevitably some con
tradictory statements were given and obtained major headlines in 
the media. The rather low action levels, being not only based on 
radiological, but also on commercial and psychological arguments, 
were in news media often erroneously referred to as risk levels. 
It also happened that, on radiological grounds, some experts ar
gued for higher action levels while other experts wanted still 
lower levels. This lead to a widespread confusion and fear among 
the population, who developed a serious lack of confidence in the 
official statements and actions. 

People were not adviced to stay indoors during the period of 
high air concentrations of radioactivity, and the cattle was let 
out as usual at the end of May without any restrictions. This was 
also criticized. 

The exportation of cultivated Atlantic salmon was stopped by 
some of the importing countries, until it had been proven that 
the salmon was not affected by the Chernobyl fallout. 2300 tons 
of mutton and 550 tons of reindeer meat had to be discarded in 
1986, as the content exceeded the action levels. The cost of the 
special feeding treatment plus the value of the discarded meat 
was about 150 million NOK or 23 million USD. In 1987 it is expec
ted that such actions will cost about 70 million NOK. The reduc
tion is partly due to the results of intensive research, includ
ing the use of an in vivo animal counting technique. 

The tourist industry faced a reduction of visitors from cer
tain countries as high as 42 %during the summer of 1986. In 1987 
the number of foreign visitors was more like normal again. 

CONTINGENCY PREPAREDNESS 

The radiation contingency preparedness in Norway was before 
the accident mainly concentrated on emergency plans and monitor
ing systems in connection with the two research reactors in Kjel
ler and Halden. As a part of a nationwide early warning system, a 
network of ionization chambers has now been connected to the en
vironmental data network system of the Norwegian Institute for 
Air Research. In September 1986 all main food control laborato
ries were furnished with modern equipment for gamma spectrometric 
analysis. 

The committees having studied a future contingency prepared
ness system in Norway in light of the lessons learned from Cher
nobyl and other possible nuclear accidents, have presented their 
recommendations. These are now being assessed by the different 
governmental bodies involved. 
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NATURALLY OCCURRING RADIONUCLIDES AND FISSION PRODUCTS 
IN MEAT AFTER THE CHERNOBYL ACCIDENT 

I. Djujic and M. Stojanovic 
Institute of Nuclear Sciences "Boris Kidri~" 

Vin~a, 11102 Beograd, Yugoslavia 

and 

G. Djuric and D. Popovic 
School of Veterinary Medicine, Beograd 

ABSTRACT 

'!'he content o 1' naturally occuring radio nuclides and fission 
products in different anatomic regions of meat from cattle, 
pigs and chickens were examined. Results obtained for 40K, 
210Pb, 210Po, natural u, 134os, 137cs, 103Ru, 106Ru, 90sr, 
241Am and others radionuclides in different meat spaces and 
anatomic regions of meat were compared. 

Obtained results of examination showed that content of in

vestigated radionuclides in meat depends on anatomic region 
and spaces of meat, as well as on the age, feeding condition, 
geografical area and season. 
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THE RADIONUCLIDES LEVELS IN HUMAN BODY 
AFTER THE CHERNOBYL ACCIDENT 

I. Djujic, Dj. Bek-Uzarov, z. Ubovic, 
and D. Paligoric 

Institute of Nuclear Sciences "Boris Kidri~" 
Vinca, 11102 Beograd, Yugoslavia 

and 

G. Djuric 
School of Veterinary Medicine, Beograd 

ABSTRACT 

Population exposed to fallout from the Chernobyl nuclear power 
plant were selected by duration of exposure from differnt fallout 

area, begining from 150 krn ap to 1000 km of Chernobyl accident 

point. The retained radionuclides activity in selected population 

were studied by whole body counting and .raaiochenical analysis 
of urine. Obtained results showed, at the begining a significant 
concentration of l3lr, but later domin~ts radionuclides were 
l34cs, l37cs, l03Ru, 106Ru, 90sr and some others. Results demon

strated that the internaly deposited radionuclides are maintained 
at a relatively high levels by the ingestion of foodstuffs con
taining radio nuclides from fallout. 
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HEALTH EFFEI::;TS OF CHERNOBYL ACCIDENT EXPOSURE 

Horvat Dj. zunic Z., Milic 0., Radotic N., Djujic I. 

Insti tut for Medical Research arrl Occupational Health, Zagreb Yugoslavia, 
Institut for Nuclear Sciences "B. Kidric" Vinea Beograd, Yugoslavia 

INTRODUCTION 

During the accident at the fourth reactor unit of the nuc

lear power plant in Chernobyl there was released a large amount 

of radioactive material and a vast area around the plant was 

contaminated. Most of inhabitants living in this area have 

traces of radiological contamination (1). 

The aim of the present study was to analyse a group of 

persons, who were present in a circle of 60 miles range from 

the relevant point at the moment of accident, in a following 

ways: 

to determine the level of radioactive contamination, using 

radiotoxicologycal analyses of 24 hours urine samples. 

each subject had to pass through the extensive clinical exami

nation and haematological analyses 

- to analyse structural chromosome aberrations in the peripheral 

blood lymphocytes. 

SUBJECTS AND METHODS 

The subjects in this study were students: two female and 

four male, age 20 to 21, non-smokers. They hawe been provided 

with food in a public restaurant. 

First days of May, 1986. they were walking through the city, 

attending the May Day Parade, and watching the bicycle race. 

These days subjects 1,2 and 5 got wet through from the rain. 

After their arrival back home to Yugoslavia, they asked for 

a medical examination or just consultations. 
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All 6 subjects underwent a medical check-up, haematological 

tests, conventional structural chromosome aberration analyses 

(2) and bioasay (24 hours urine samples) (3). 

RESULTS AND DISCUSSION 

During a medical examination non of 6 subjects felt any 

healthy problems except sli~ht auxiety and fear. 

Haematoloe;ical analyse results are presented ln table 1. 

TABLE 1 Haematological analyses 

Subject Leucocyte Thrombocyte Reticulocyte 
G/l G/l 

1 4.8 300 0.009 

2 4.9 254 0. 004 

3 3.8 207 0. 0 07 

4 6.9 300 0.004 

5 5.9 226 0.008 

6 4.4 155 0.006 

White blood cells, including lymphocytes didn~t show significant 

deviation from the normal values. The same is with the thrombo

cytes, excluding subject 6 whose thrombocyte number lS lower. 

Immature cell forms - reticulocytes were present in all subjects 

but particulary in persons 1, 3 and 5. 

Radiotoxicological analyses of 24 hours urine samples showed 

the presence of technologically produced radionuclides. In two 

subjects checked during the first days of June, 1986, we found 
131 134 137~ 103 106 134 137 . 

J, Cs, ~....s, Ru, Ru. Cs and Cs were domlnate 

in analysed 24 hours urine samples of all 

prooved traces of the following elements: 
140 144 95 . 90 . 

La, Ce, Ll and Sr for sub] ects 
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6 subjects. There were 
241, 226R 232Th 1-..m, a, , 

3, 4, 6. (Table 2). 



Table 2 Radiotoxicologycal analyses of 24 hours urine samples 

Subject R A D I 0 N U C L I D E Bq 
131J 134Cs 137Cs 103Ru 106Ru 

1 28.3 35.7 74.8 4. 9 15.7 

2 30.24 36.4 75.0 5. 07 14.62 

3 24.6 50. 2 

4 38.3 70.6 

5 18.6 40.22 4.89 15.68 

6 20.46 38.86 

Chromosome aberrations frequency analyses were done on first 

in vitro methaphases. These results are shown in table 3. 

Table 3 Chromosome aberration analyses 

Subject No scor. CHROMOSOME ABERRATIONS PER CELL 

Cells Break Acentric fr. Dicentric Rino 

1 200 0.07 0.04 0.02 

2 410 0.02 0.02 0.01 0.002 

3 220 0.03 0.04 0. 0 06 

4 200 0.04 0.03 0.005 

5 500 0. 0 2 0.02 0.008 0.002 

6 420 0.03 0.02 0.01 

In all subjects there~s evident presence of chromosome 

breaks, acentric fragments and dicentric and ring chromosomes. 

There are some interesting cells with multiple chromosome aber

rations, such as two dicentrics and more acentric fragments in 

one methaphase (Table 4). Considering the establiched background 

in laboratory of 1%o dicentrics per cell for population unexpo

sed to ionising radiation, such results are pointing to the 

significant raising of these specific aberrations (4). 
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Table 4 Distribution of chromosome aberrations 

Subject Cell scored DISTRIBUTION ABERRATIONS PER CELL 

1 200 181 10 5 3 1 

2 410 385 18 6 0 1 

3 220 206 8 4 2 0 

4 200 183 9 4 3 1 

5 500 467 21 6 4 2 

6 420 401 14 3 2 0 

Assuming all given results we suppose that subjects had 

been seriously jodine contaminated, but unfortunately these 

measurings haven't been done for all of them. Besides, there 

could have been some of external irradiation too, which might 

have contributed the frequency of somatic cell mutations. 
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JNVI·:STICi\TfON OF INTEHN,\L DOSE l:{I·:CElVED llY TilE lllJNC;ARTAN 
I'OI'liLAT lON IJUE TO CES ll!rl RIIDT01~lJCLI DES AS A CONSEQUENCE 

OF TilE CIIEENOBYJ. ·'CCIDENT 

Andor AndrAsi, ~va Heleznay, IstvAn Feh~r 
Central 1\esearch Institute fur Physics, Budapest, Hungary 

1 NTRODUCTI ON 

fluJl)~:lry w:1s one ol the countries affected by radioactive environmental con
tddlin:JI j,,n due to the r<·actor accident at Chernobyl. The total ground deposition 
u! radionucl ides ,;howed a non-unitorm distribution over the country. According 
to a tJ:Jtillm"ide stHVl:Y the activity surface concentration varied \vithin about an 
ord,•r "C tuagnitudc lrum place to place. The most characteristic local averages 
l•>r iJics riltl)',t'd from I to 5 k!)q.m-2. An extended internal contamination monitor
in.·~ i·'·o,;c;tJtttte w;"; int·roducC'cl by whole; body counting very suon <Jfter the <Jccident. 
Ti1c' suhjL•,·ts to be lliL':Jsured systctl1:1Lical Ly were' selected from Budapest's residents 
representing both sexes and different ar,e groups. The total number of subjects 
mouiLored L'egularly (control group) w3s 44. The representat:ivity of the control 
~~ruup for adults was checked by comparing the results with those obtained for 
L,r;·,· number of subjects measured occasionally. The programme was later extended 
al . .;u Lo other parts of Hungary by single reference measurements. Six weeks aver
a;.' IL.Il1iLorin1; interval was chosen f<>r following the whole body activities due 
to 13',,;,; and 137cs r:1dionucl ides, 1vhich are responsible for the long term inter
n« I ,l,>se n•<'L:iVl'd by the population. The rc~suits obtained for adults 3re present
ed liv.rc. 

~IEII.SUEEHENTS 

Tile measurements were carried out in the loH background whole body counter 
pf the institute using single detector scanning arrangement. Hulti-element bottle 
pkmtums were clpplied for activity c:llibratilln simulating the different slwpe 
aud budy sizc·s uf the suhjL,cts to be monitored. The gamma spectrometric measure
ments were evaluated by least-square fitting decomposition procedure providing 
the whole body <Jctivities of 134cs, 137cs and 40K radionuclides. The reliability 
or the measuring, calibration ami evaluation methods applied has been checked 
by international intercompilrison measurements and the results were found to be 
very satisfactury. 

RESULTS 

The statistical investigation of the whole body activities showed log·-normal 
frequency distribution. For this reason the value of the median \vas used in the 
interpretation of the measurements. The ratio of the mean to median was found to 
be about 1.10. The indi-vidual 137cs body contents in Budapest for adult males 
and r,•;JJalcs again:>t Lile timl' after the accident arc• presented in Fit;.l. Con
sidet·aiJJy Ltr;•,c ditf,·rct1Cl'S c·;m bv obserVL'd belween the• individual activity data. 
'li1e solid lines in tlH' figure reprPsent the medians for both adult sex groups. 
Tile: feature of t!Jc, line cotJrsc· of 13'1Cs activities is very similar tl' Lhnt shown 
t<>r ll/c;,; i>11t illlitll'Jl<'<'d ;Jie;o by till' ~dH>rler pl1ysical hall Iii,·. TilL· ratio ol 
\<hole budy 137cs L•> I'J!1cs activities \v;ls futmd Lube 1.83 in ~lay 1986. 
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Tl1c· ,lusL' t·:llL: due to tilL' •'L'Sl\JIIl rudiunucl idl's has heen cu]c:ulat·cd for each 
i1:div;u1l:ll by tile furmu!a 

wilercll(t) 
,, ( t ) 
,. 
i. 

I 

Y. 
1 

E. · •P. (M) 
l l 

IS tile close ,•quivalent rate at time: t, 
1s Ll1e \vholc budy activity for Lhl: g1ven radionucl.idc ill ti111e L, 
IS tile· yield per Lransf<!t'lll<llion of thL· i-Lh type of radiation, 

E. 1s the average energy of Lhc i-Lh radiation e111itted, 
1 

<j'i (;>!) IS Lhe abs<nhed fracLiuJl ul Ei euetf',Y fut a giveu body uiass H. 

For t:esll!lll Cldiunuclides both t·l1e source and target organs were assumed to be 
Lil<2 wh<lle budy. The: absorbed fL1ction of gamma radiation varies considerably 
\vilil ciJL: LuLal bt)dy mass. The mass dependet1ce was taken into account individual
ly. 

CONCT.\JS!ONS 

1he Lime variation of the medians of dose equivalent rates for males and 
fc:: .. :.ics due to hoth 137cs and ll.'tcs are sho1vn in Fig.2. The 1;hole budy intern:.!l 
Jus,~ <'<JIIivalei!LS cuLculateu for the first year aftc·r the accident are summat·ized 
in fat,[c; I. \chen~ the values associated with the 5-95% interval of the frequency 
clistrihuLiun are illso it1Llicau~d in part·nLheses. The local variation of tl~t• in
t.~LtuL J,,se ov,'r Lhe cuuntry \vas estimated by single reference measurements on 
1-10 sul>jc,cts from cal"i1 place. The results are shown in Table 2. Till' diffen>nces 
l·.'hi,·it lvL·re ILHind to be within a L1ctor of !1, are in good correlation vJiLh those 
obtillii<'d lilr the local av<'r<q._;,, :;round deposition of these radionuclides over Lite 
ClJliJJLry. TIJ(' l'lllt;;hly predicted lvltulc body SO years dl1se due to tltc i11tenully 
d,·pu,;i I cd cesium radionucl ides \vi 11 not exceed 100 pSv as an aver<l[\C' in Bud:1pesL 
<ll·ea. Tltese Lo]],n>~ up studies ~>~ill b'' continued and extended also for children. 

TatJl e 1. Internal dose of !ltHiapest 1 s adult rl'sidents in the first year after 
the accidl'nt due lu cesium radionuclides 

10HOLE BODY DOSE EQUIVALENT [ )ISv I 

males females 

137Cs 27.0 (12-65) 21.6 (10-40) 

131+ 
Cs 

16.4 (7-38) 14. 1 ( 7-24) 

SUI! 43.4 (19-103) 35.7 (17-64) 
........____ 
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Fi,~ure 2. Internal dose e<juivalent rate against the time for Budapest's 

adult residL'Ills due to cesium isotopes 

Table 2. Comparison of the total internal dose received by males living In 
different counties of Hungary due to cesium isotopes 

COlJNTY H!!OLE BODY DOSE EQUIVALENT [pSv] 
~----------~~-----+-----------------------------------~ 

ll•Jdapcs t 

Szabolcs~Szatm~r 

Zala 

Hcves 

CsongraJ 

Gyllr~Sopron 
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THE CONTENTS OF RADIONUCLIDES Ru-103 AND Ru-106 IN FOOD 

Djuric Gordana*, Popovic Dragana**, Djujic Ivana*** 

* Department of Radiology, School of Veterinary Medicine, 
Beograd, Yugoslavia 

** Department of Physics, School of Veterinary Medicine , 
Beograd, Yugoslavia 

*** Department of Radiation Protection, IBK - Vinca,Beograrl, 
Yugoslavia 

The paper presents the results of radionuclides Ru-103 and 

Ru-106 contents evaluation in different foodstuff : milk and 

dairy products, meat, vegetables, fruit and honey. Samples 

came from some European countries after the nuclear accident 

in Chernobyl, from May to December 1986. The contents of the 

radionuclides in the fresh samples of food was determined on 

a Ge(Li) detector by the means of standard gamma spectroscopy. 

The results indicate the activity of Ru-103 and Ru-106 in the 

investigated samples of food sampled during ~1ay and June 1986, 

to range up to 102 Bq/kg , except for some vegetable - the 

contents found to be 10 - 102 times larger. In food sampled in 

November and December 1986, the contents of Ru-103 was no 

longer within the measurable range, whereas the activity of 

Ru-106 was between 2x101 and S-8x101 Bq/kg. 

Considering only a few data about the metabolic ways of ru -

tenium inside body , one can see that there is a need for 

sistematic and continuous study of the contents of these radio

nuclides, especialy Ru-106 , in food. 

INTRODUCTION 

The time dinamics of the Chernobyl accident in 1986 , 

followed the similar nuclear accidents over the world : on the 

firs~, at the end of April and during May 1986, the magnitude 

of contamination of the biosphere was basically determined by 

short-lived radionuclides , J-131 above all. Later on, as J-131 

decayed, the comparatively short-lived radionuclides (Sr-89 , 
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Zr-95, Nb-95, Ce-141, Ru-103, Ba-140 ) made an appreciable 

contribution to the radioactivity on the whole and finally, 

the main role in the process of contamination overtook the 

long-lived radionuclides : Sr-90, Cs-134,137 and partialy , 

Ru-106. But the composition of the radionuclide release was 

specific to some point ( 2 ): about 3-5% of the relatively re

fractory elements (Sr,Ru,Pu) escaped from the reactor, that 

was much more than would be expected in a light-water reactor 

core melt. Besides, although ruthenium is less volatile then 

strontium , it appeared in appreciable quantities in filter 

samples throughout Europe, while strontium did not. 

So far , ruthenium was not considered as a biologically 

significant radionuclide and the data on the mechanisms of it 

metabolism are only few, even though there are indications of 

the biochemistry similar to one of iron. All that points to 

the need of determination of contents of Ru-103,106 in food , 

so as the level of ruthenium intake in the human body could be 

evaluated. 

HATERIAL AND t1ETHOD 

Sampled originated from different localities over Europe: 

from a period imediately after the accident (Hay-June, 1986) 

and some time after, at the end of 1986. The contents of the 

radionuclides Ru-103,106 in the fresh samples of food was de

termined on a Ge(Li) detector (ORTEC,USA) and a 4096 channel 

analyzer (NUCLEAR DATA ND-100). 

Calibration was performed with a point etalon source Eu-

152 (ET-75220 EGMA3) for the energy range of 121.78 - 1403.08 

keV. The efficiencies for the measuring geometries (nonstan

dard Marinelli bottle 0.6 1 and 200g PVC cilindric box) and 

different foodstuff were determined by "secondary standards" 

for fluid and solid state radionuclide carriers( 1 ). 

The activities of Ru-103 and Ru-106 were determined for 

the energies of 497.5 keV and 621.8 keV, respectively. 
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Table I The contents of radionuclides Ru-103 and 

Ru-106 in food 

S a m p 1 e 

m i 1 k 

c h e e s e 

milk powder 

y o g u r t 

fruit and 
vegetable 

h o n e y 

tl e a t 

1 a m b 

p o r k 

b e e f 

r a b b i t 

f i s h 

Number 
of samples 

27 

22 

4 

17 

2 

3 

12 

16 

21 

45 

23 

6 

8 

6 

5 

Period of 
sampling 

A c t i v i t y*(Bq/kg) 
Ru - 103 Ru - 106 

~lay June'86 1.7-11.7 

May - June'86 1.4-93.0 

Nov.-Decem'86 

2.4-10.4 

8.0-82.1 

19.0-59.3 

!lay - June' 86 6. 8-90.2 31.0-52.4 

Nov.-Decem'86 -78.2 

tlay '86 5.0-11.4 4.5-23.4 

t1ay '86 3.5-11200 24.5-3570 

~lay- Sept'86 38.0-67.3 24.2-50.0 

t1ay - June'86 12.5-33.0 24.2-32.0 

May - June'~6 3.5-9.8 

Nov. - Decem'86 

t1ay- June'86 0.6-1.0 

Nov.-Decem'86 

July-Avg.'86 

Nov.-Decem'86 

2.4-5.0 

15.2-20.5 

11.0-16 .I+ 

15.4-27.0 

20.~-25.3 

19.0-91.2 

10.5-18.8 

~lay '86 9.4-26.5 16.0-32.8 

activities are presented in Bq/kg except for milk - in Bq/1; 

the table presents ranges of activities of Ru-103,106 in 

different foodstuff in the period of sampling ; the mean 

error is ~ 15% , on the average 
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RESULTS AND DISCUSSION 

The results of the radionuclides Ru-103 and Ru-106 con

tents evaluation in different foodstuff after the nuclear 

accident at Chernobyl in 1986, are presented in Table I. In 

the table there are presented the ranges of the activities of 

Ru-103 and Ru-106 for different samples of food in the two 

sampling periods. 

The maximum contents of radionuclides Ru-103 and Ru-·106 

was found in rabbit, lamb, mutton milk and mutton milk dairies, 

as it could be expected considering the cattle feeding in that 

period of year. The extrimely high activities of ruthenium in 

some vegetable , green latice above all, immediately after the 

accident were due to surface contamination. At the end of the 

year, in a shortly established steady state, the contents of 

Ru-106 was found to be in a relatively narrow range, no matter 

the food. That indicates a specific mehanism of metabolism and 

distribution of this radionuclide inside the body and over the 

food chain. 

The obtained results are in good correlation with the con

tents of radionuclides Cs-134,137 in food sampled in the same 

period. 

Referencies : 

1.Djuric,G.,Popovic,D.,Adzic,P. Efficiencies of Ge(Li) detec
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2. Physics Today : Soviets assess cause of Chernobyl accident. 
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CHERNOBYL - A RETROSPECTIVE REVIEW TWO YEARS AFTER THE ACCIDENT 
Leslie G. Kemeny 

The Nuclear Engineering Group, University of New South Wales 

SUMMARY The world's worst nuclear disaster - the only one which 
caused immediate loss of life and may, possibly have a small but 
significant biostastical health effects over a period of some 
thirty to forty years - was initiated during the early morning 
hours of 25 April, 1986. Its cause according to remarkably frank 
reporting by a Soviet delegation to the International Atomic 
Energy Agency at a meeting in Vienna in August 1986 was criminal 
negligence on the part of the operating staff, the failure of the 
plant supervisors to make responsible emergency decisions and the 
neglect to report the gravity of the incident to the headquarters 
of the Soviet Atomic Energy Ministry for some thirty hours after 
commencement. 

1. INTRODUCTION 
The author had the privilege, through the off ices of the 

I.A.E.A. to be the first Western nuclear scientist to visit the 
Chernobyl district in July 1986 to make an assessment of the 
cause and consequences of the accident. Since his original 
reports were filed much has been published in both the technical 
and popular press, including a number of papers by the author. 
In the ensuing discussion we propose to consider four major 
aspects of the incident -

(1) A brief summary of the 
including a description 
R.B.M.K. type. 

possible 
of the 

causes of the accident, 
nuclear plants of the 

(2) The human errors and man-machine interface deficiencies 
which had such disastrous consequences. 

(3) The resulting short term and long term consequences of the 
chemical explosions in the nuclear plant and their impact on 
the residents of surrounding districts, more distant 
communi ties and the long term effects on agriculture and 
human life in Eastern bloc and Western European countries. 

(4) The effects of Chernobyl on the public perception of nuclear 
energy and the impact of the accident on the long term 
future of the nuclear industry, world wide. 

2. CAUSES OF ACCIDENT (Ref 2) 
The design of the RBMK reactor was initially attractive to 

the U.S.S.R. for a number of reasons. As stated in the 
translation of the Soviet report, these include 

... the absence of cumbersome pressure vessels which are 
difficult to manufacture and limit the reactor's unit power 
and production base~ absence of a complex and costly steam 
generator~ the possibility of continuous refueling and a 
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Table 1 Physical Characteristics 

of Chernobyl Unit 4 

Thermal power, MW 
Fuel enrichment, % 
Mass of uranium per fuel assembly, kg 
Number of fuel channels 
Total mass of graphite moderator, kg 
Core diameter, m 
Core height, m 
Circumferential graphite reflector 

thickness, m 
End graphite relector thickness, m 
Steam pressure in separator, MPa 
Coolant average core inlet 

temperature, 0 c 
Coolant average core exit 

temperature, 0 c 
Coolant total flow at full 

power, kg/h 
Flow per pump, kg/h 
Average full power steam quality at 

core exit, % 
Maximum channel steam quality at 

exit, % 

3200 
2 
114.7 
1661 
1. 7 X 106 
11.8 
7 

1 
0.5 
6.86 

270 

284 

3, 76 X 107 
6.27 X 106 

14.5 

20.1 

good neutron balance~ a flexible fuel cycle easily adapted 
to the fluctuations of the fuel market~ the possibility of 
nuclear steam superheating~ high thermal reliability and 
durability of coolant flow, channel failure detection, 
monitoring of the parameters and coolant activity in each 
channel and on-load replacement of leaking assemblies. 

Three major shortcomings of the design are: (l) the 
sensitivity of the neutron field to reactivity perturbations 
leading to control difficulties and requiring complicated control 
systems, (2) a relatively small and weak containment around the 
core itself, and (3) a positive void coefficient of reactivity 
that increases as power value of 0. 02 ~ k/k (where &k is the 
change in void fraction). Because of the enhanced positive void 
coefficient at low power and because of control difficulties 
associated with lack of accurate power measurement capability at 
the lower levels, continuous operation of the RBMK-1000 reactors 
is prohibited (by the Technical Specifications) at power levels 
less than 700 MW(t). 

For Western experts in the fields of reactor dynamics and 
control, it is difficult to understand why staff with 
responsibility for such tests have not had the opportunity to 
simulate them on computing apparatus. It has however been made 
clear by the Soviet Union - even in general publications in 
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Pravda - that the first nuclear plant simulators were not 
available in the Soviet nuclear industry until 1972. It is very 
unlikely that a simulator had ever been designed for the 
RBMK-1000. 

Hence it appears that the tests described in the Appendix 
were a "disaster waiting to happen" as six fatal errors were 
perpetrated. 

1. The emergency cooling system was turned off to conduct the 
test. 

2. The reactor power output was inadvertently lowered too much, 
making it difficult to control. 

3. All water circulation pumps were turned on, exceeding 
recommended flow rates. 

4. The automatic signal that shuts down the reactor if the 
turbines stop was blocked. 

5. The safety devices that shut down the reactor if steam 
pressure or water levels become abnormal were turned off. 

6. Almost all control rods were pulled out of the core. 

3. CHERNOBYL ACTIVITY RELEASE (Ref 3,4,3,5) 
The destruction of the Chernobyl nuclear power station core 

led to the release of millions of curies of radioactive material. 
This should be compared to 15 curies for Three Mile Island (1 
curie 3.7 x 1010 Becquerel) and about one mill ion curies at 
Windscale in the United Kingdom in 1956. The consequences of 
this within the USSR were catastraphic. 

1. Thirty one known deaths. 
2. Two hundred and three cases of hospitalisation. 
3. Over 100,000 people received elevated radiation doses. 
4. Over 50,000 people were evacuated from homes which are still 

uninhabitable. 
5. Some 2000 sq. km. of land were badly contaminated. 

6. Economic distress was suffered by people within a radius of 
1000 km from Chernobyl • 

Sweden, in particular suffered heavy contamination causing 
many forms to be quarantined, food to be abandoned and remainder 
to be destroyed. Spikes of fallout contamination after rain 
caused distress in Poland, Finland and even Scotland. However it 
is most unlikely that the contamination of the food cycle in 
these countries would cause any detectable excess mortality or 
life shortening experiences due to cancer. With a natural cancer 
mortality of around 25% in most industrialised countries, the 
excess from Chernobyl fallout would be very small and hard to 
predict. However, the disaster on which probably more 
radioactivity was released than Hiroshima and Nagasaki combined, 
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will be monitored closely and will provide a unique control 
population for studying the biostatistical response of human and 
animal populations to a unique event. 

4. GLOBAL RESPONSE TO CHERNOBYL 
Approximately twelve months after the Chernobyl accident, 

the nuclear industry appears to have recovered from a serious 
setback. Public opinion in most European countries, including 
Sweden, recognises that the risk-consequence phenomena associated 
with the nuclear fuel cycle is still considerably less than other 
societally accepted risks. 

It is also apparent that countries with established nuclear 
power programmes - such as the U.S .A., Great Britain, France, 
Belgium, Sweden, Canada and Japan have assessed that the 
Chernobyl disaster would be most unlikely to occur in nuclear 
power plant of Western design. There appears to be a concerted 
move to induce the I.A.E.A. to keep a closer watch on the 
operation of Soviet designed R.B.M.K. and V.V.E.R. reactors and 
to formulate plans for international litigation and fiscal 
reparation in such cases of accident. 

For Soviet industry, the shutting down of its R.B.M.K. 
reactors and retrofitting and redesigning the equipment is a 
financial impossibility. It would bring to a halt much of the 
industrial production of European Russia. The best one can 
anticipate from this country is probably improved operator 
training and hopefully better design and multiple containment for 
her new nuclear power stations. (Ref 6.) 
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DIRECT AND INDIRECT RADIOTOXICOLOGICAL INVESTIGATIONS ON 

PEOPLE COMING FROM EASTERN EUROPE AFTER THE CHERNOBYL ACCIDENT 

S. BAZZARRI, V. MARCHIONNI, F. MICCI 
ENEA - C.R.E. Casaccia, Rome 

C. TESTA 
University of Urbino 

Starting from May 2,1986 many Italian tourists and some 
Italian workers living in Eastern Europe during the Chernobyl 
accident were checked for internal radiocontamination at the Medi
cal and Radiotoxicological Service of C.R.E. Casaccia,ENEA,Rome. 

As the local W.B.C. was overloaded with many measures to be 
done within a few days, a simple equipment was installed for a 
rapid detection of I-131 in thyroid. This equipment consisted of 
a collimated and shielded 3"x3" Nai<Tll detector having a sensiti
vity of 37 Bq for a 10' counting time <Fig.1 >;a counting efficien
cy of 3.7 X was calculated with a calibrated I-131 source having 
the thyroid geometry. 

~ . ~ 

100 100 
! ~ 

E 

i \ ~ (600 Bq I 
E 

0. \ I 0. 

u 

\/1 
u 

50 50 

1 \ 
(80 Bq) 

~ 
0 0 

Energy Energy 

Fig. 1 Gamma spectra of I-131 in thyroid <600 and 80 Bql 

Only people showing a thyroid burden higer than 370 Bq were 
sent to the W.B.C. for longer and more accurate measurements. The 
thyroid burden ranged from 37 to 3330 Bq at the measurement time 
depending on the geographic region and on the winds direction. 
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DIRECT RADIOMETRIC RESULTS 

As Table I shows, the checked people could be subdivided 
into four groups, namely : 1 > Kiev region ; 2> Poland; 3> Hungary 
- Czechoslovakia - Austria - Rumania - Eastern Germany; 4) Moscow 
- Leningrad. To these groups a fifth group was added consisting 
of people living in Rome. Furthermore the I-131 burden at the 
moment of the probable acute contamination was calculated taking 
into account the cloud transit time on the region <1 >. 

Gr 
n. 

1 

2 

3 

4 

5 

TABLE I 
I-131 THYROID BURDEN <Bq> IN FIVE GROUPS OF 

PEOPLE COMING FROM DIFFERENT GEOGRAPHIC REGION 

Region Mean 
and Measure value Radioactive Mean 

number date at the cloud corrected 
of checked interval measure transit value 

people <May 1986) date date 

Kiev ( 1 1 ) 8-12 1 594 27/4/86 4972 

Poland ( 46) 3-21 548 30/4/86 1266 

Other East 
Countries ( 77) 3-19 229 30/4/86 502 

Moscow 
Leningrad ( 37) 4-12 81 30/4/86 1 90 

Rome ( 35) 6-21 135 1/5/86 350 

Ratio 

Gr.n 
--

Gr.4 

26. 1 

6.7 

2.6 

1. 0 

1 . 8 

As the winds direction was North-West from Chernobyl in a 
first time and South-West in a second time, it is not surprising 
that people living in Moscow-Leningrad were less contaminated that 
the ones living in Rome. 

The I-131 burdens calculated by this simple device were found 
in good agreement with the ones obtained by some Italian W.B.C. 
systems located in Rome,Bologna, Bosco Marengo, Ispra <2-5>. 

The thyroid committed doses calculated for the five group 
were respectively : 7.96 ; 2.03 ; 0.80 ; 0.30 ; 0.56 mSv. 

INDIRECT RADIOTOXICOLOGICAL RESULTS 

Some indirect radiotoxicological analyses <urine and faeces> 
were carried out on people showing a sensible thyroid contamina
tion, i.e. gamma spectrometry with Ge<Li>, Sr-90 and Pu-239 <Pu-
240>.As table II shows the following gamma emitters were detected 
in the urine: I-131, Cs-137, Cs-134, Te-132, Ru-103, while Sr-90 
and plutonium concentrations were found to be lower than the 
detection limits. The above said radionuclides, more Ba-140 and 
La-140, were found in group 1 faeces, while plutonium was ever 
lower than the detection limit <Table III>. 
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I Gr 

Date 
May I -1 31 
'86 

1 8-1 4 17.0 
( 10) 

2 2-1 4 37.0 
( 29) 

3 3-8 26.4 
( 1 1 ) 

TABLE II 
URINARY EXCRETION MEAN VALUES <Bql 

<number of analyses> 

Cs-137 Cs-134 Te-132 Ru-103 Sr-90 

5.2 3.0 6.5 13.6 <4 E-2 
( 10) ( 2) ( 10) ( 3) ( 5) 

4. 1 -- 1 5. 1 -- --
( 29) ( 29) 

1 . 2 -- 10.8 -- --
( 1 1 ) ( 1 1 ) 

TABLE II I 

===-
Cs-137 

Pu-239 ---
(240) Cs-134 

< 4 E-4 1 . 9 
( 4) ( 2) 

-- --

-- --

FAECAL EXCRETION MEAN VALUE <Bq> FOR GROUP 1 <DATE 9-14 MAY 1986> 
<number of analyses> 

I -1 31 Cs-137 Cs-134 Te-132 Ru-103 La-140 Ba-140 Pu-239 
(240) 

4.4 1 . 7 0.7 8.5 4.6 21 . 8 10.4 <2 E-3 
( 2) ( 4) ( 4) ( 2) ( 4) ( , ) ( 1 ) ( 3) 

Cs-137<F> I-131 <Ul Cs-137<Ul Te-132<U> 

RATIOS Cs-134<F> I-131 (f) cs-137<Fl Te-132<F> 

2. 1 8.5 1 . 6 0.8 
( 4) ( 1 ) ( 1 ) ( 2) 

The ratio cs-137 I Cs-134 in urines and faeces resulted to be 
about 2, as found in many other contaminated environmental 
samples. The ratios Urinary Excretion I Faecal Excretion for I-
131, Cs-137 and Te-132, also reported in Table III, were found to 
be within the values reported in the literature <6>. 

In many cases it was possible to calculate the actual ratio : 
I-131 in thyroid I I-131 in the 24 hour urinary excretion <Table 
IV> obtaining a mean value equal to 62. However it was necessary 
to correct this value by subtracting the relevant activity found 
in thyroid and urine of the Roman population which also suffered a 
small internal contamination by inhalation and ingestion. As a 
matter of fact the direct and indirect checks were carried out 
after a some days staying in Rome. As an example Fig 2 show~-the 
I-131 urinary excretion for the local population in the period 3-
19 May 1986. The corrected ratio reaches the value of 116 which 
is quite similar to that <~150) reported in the literature (6). 
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TABLE IV 

I-131 <THYROID> 
RATIO 

I-131 <URINE> 

~~Group 
===-

Value corrected 
n. Date Uncorrected by subtracting 

Hay '86 value the Rome blanks 

1 1 0 8-12 89 104 

2 1 2 3-17 57 143 

3 7 3-6 41 100 
---------------------

Mean ( 29) 62 11 6 

Weighted Mean 64 119 
== ---------------------

30 

Bq 

20 

10 

~--
0 

5 10 15 20 

Days May 1986 

Fig.2 I-131 daily urinary excretion for people living in Rome 
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MEASUREMENT OF INTERNAL CONTAMINATION WITH RADIOACTIVE CESIUM 
RELEASED FROM THE CHERNOBYL ACCIDENT AND ENHANCED ELIMINATION 

BY PRUSSIAN BLUE 

Tang Ming-hua Gong Yi-fen Shen Cheng-yao 
Ye Chang-qing Wu De-chang 

Institute of Radiation Medicine 
Beijing, China 

A serious accident was occurred 1n No.4 reactor of the 
Chernobyl Nuclear Power Station on April 26, as a result of 
which considerable quanti ties of radioactive materials were 
released to the environment. Fifteen members of a Chinese Foreign 
Trade Exhibition Group were working at Sofia and Profdef, Bulgaria 
from April 19 to May 23, 1986. During May 5-10 they occasionally 
found a rise in f-background dose rate with a FD-301 dosimeter, 
which indicated that it might be contaminated with radioactive 
material released from the Chernobyl-4 reactor. Fifteen internally 
contaminated Chinese persons were monitored from June 12-21 
in Beijing. This paper describes the results of measurements 
and of the effect of Prussian Blue on the rate of elimination 
of radiocesium. 

The ;-~-activities of radionuclides in the 15 subjects were 
measured with the low background whole body counter developed 
in our laboratory ( 1 ) The measurements were performed in two 
ways: a single crystal measurement at the sits of the thyroid, 
and a single, constant scanning speed detector moving along 
the length of the body. The counts were obtained by subtracting 
the counts in noncontaminated cases from the countes obtained 
from contaminated ones. The activities of radionuclides 1n 
the body was calculated by a matrix inversion method using ca
libration factors. 

The 
of these 
(10 Bq). 

results 
persons 

show 
was 

that the activity 
lower than the 

of 1 3 1 I in the thyroid 
minimun detectable level 

The activities of radiocesium at the moment of measurement 
are shown in Table 1. It express that radiocesium can be measured 
in vivo by a whole body counter for a relatively long time after 
contamination and may serve as a late marker of contamination 
of fission products released from a nuclear reactor accident. 
The initial intake was estimated on the supposition of: (1) 
A single intake at the middle of the exposure period i.e. May 
11 (exposure period May 1-23), (2) The reten1ion equation for 
cesium recommended by ICRP publication No. 30 ( 2 was used in the 
estimation. Table 1 shows that the range of activity measured 
was 68-840 Bq ( 137 Cs) and 110-630 Bq 134Cs). The range of the 
estimated initial intake was 95-1200 Bq ( 137cs) and 170-900 
Bq ( 1 34cs). 

be 
The 

of 
initial intake 

significance in 
of 1 3 4Cs 
evaluating 
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tamination level of people who lived in Sofia and Profdef, Bul
garia, 6-30 days after the Chernobyl accident. 

Table 1 
Internal Contamination of 15 Chinese Subjects, Resident in 

Bulgaria at the Time of the Chernobyl Nuclear Reactor Accident 

Body/Bq 
-;:-

Estimated/Bq Date Activity ln Intake 
NAME of 

Measurement 1 3 7 Cs 1 3 4Cs 1 3 7 cs 1 3 4Cs 

ZN 86.6.12. 700 360 950 500 
FU 6. 19. 470 370 660 550 
GO 6. 17. 600 340 8 so 500 
MU 6. 18. 470 380 660 560 
CE 6.20. 440 300 640 450 
HO 6. 21. 430 330 620 490 
CN 6. 19. 340 300 490 440 
YU 6. 18. 390 300 550 430 
YN 6.20. 840 630 1200 930 
HU 6. 18. 280 170 390 260 
EI 6. 19. 350 240 500 350 
so 6. 19. 440 250 620 270 
WE 6. 19. 320 210 460 300 
JA 6. 18. 370 260 530 380 
LI 6. 17. 68 110 95 170 

The relative error of all the measured values, except LI 
are in the range of 5-12%, while for LI the figures are 30% 
for 137cs and 31% for 134cs. 

Activity of radiocesium was regularly measured in the 3 
volunteers durinf a period of mor_e tha_n two months. Th~ ac~ivit~es 
of 1 3 7cs and 3 4cs decreased w1th t1me after contam1nat1on w1th 
a single exponential function. The biological half-time of the 
radiocesium ranged from 42-71 days for 137 cs and 42-51 days 
for 134cs. 

In this study the biological half-times of radiocesium 
are shorter than the 110 days for the 0.9 of retention recommended 
by ICRP. As we know that age, sex, hormone and potassium content 
in food etc. may influence the turnover of radiocesium in body. 
So 1n the case of dose estimation, it is preferable to use the 
subject's own biological half-time instead of the recommended 
biological half -time of 2 days for 0. 1 of retention, 110 days 
for 0.9 of retention. 

The annual effective dose equivalent was estimated on the 
basis of the highest initial intake (YN), which was 1.1X10 - 2 

mSv for 13 7 Cs, 1. 2X1lJ - 2 mSv for 1 3 4Cs. The above values were only 
around 2% of the ICRP annual dose equivalent limit for the public 
( 1 mSv). For the other 14 cases the annual effective dose equi
valent should be much lower. 

Prussian blue(PB) 
tigate the effect on 

was given to the 
ces1um excretion. 
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was given 3 times per day, for a six days course. Three courses 
were given with a time interval of 6 days between each subsequent 
course. During the investigation period of 114-141 days after 
contamination, the biological half-time of radiocesium ranged 
from, 29 to 48 days for 13 7Cs and 23 to 33 days for 13 4Cs. From 
the biological half-time it can be seen that the body retention 
of radiocesiums declined more rapidly following Prussian Blue 
administration than in those of controls. 

It is evident that shortening of biological half-time results 
in a more pronounced decrease of cumulative activity of radio
cesium in the body. The percentage excess dectcease of cuutulaLive 
activity during the period of 114-141 days after internal con
tamination was calculated by using each subjects own biological 
half -time. The results in Table 2 indicate that the cumulative 

Table 2 
Diminution of Radiocesium Body-Burden in Man 

by Prussian Blue (PB) 

Cumulative Activity/Bq.d Activity 
Persons Radiocesium 

No PB PB Admin. Decreased(%) 

YN l 3 4 Cs 4400 3600 18 
1 3 7 Cs 9900 9100 8 

ZN 1 3 4 Cs 2100 2000 5 
1 3 7 Cs 5700 5600 2 

MU 1 3 7 Cs 4200 3500 17 

activities decrease significantly (P~O.OS), showing that Prussian 
Blue treatment can enhance the excretion of radiocesium. 

Many studies have demonstrated that ferric ferrocyanide 
is an effective agent for accelerating the turnover of internally 
deposited radiocesium ln animals and humans. Ferric ferrocyanide 
is not absorbed into the body, it preferentially binds cesium 
ions ln the lumen of the gut, thereby interrupting the enteric 
circulation and preventing reabsorption and deposition in tissues. 
The shortening of biological half -time has been used as an indi
cator of effectiveness. Some works appears that the effectiveness 
of Prussian Blue is not strongly dependent on the time when 
treatment begins, but is proportional to the duration treatmen~3-6! 

Whole body 4 0 K measurements were also made on the same 
3 volunteers. The results indicate that the difference of 4 0K 
content between the control and PB administration period is 
not statistically significant. Body potassium and sodium burdens 
do not appear to be affected by treatment( 5) , so it is non-toxic 
and well tolerated. 
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RADIOACTIVITY REMOVAL AND TRANSPORT PROCESSES FROM SOIL TO ADRIATIC SEA 

WATER DERIVING FROM CHERNOBYL FALL-OUT DEPOSITION 

* 0 * 
G. Queirazza , S. Meloni, G. Bonforte 

*Italian Electricity Generating Board (ENEL), Milano, Italy 
0 Department of General Chemistry, University of Pavia, Pavia, Italy 

INTRODUCTION 

The radionuclide contamination of the Po river Valley, the largest 

italian area interested by the fall-out deposition due to the Chernobyl 

nuclear accident, may be defined taking into account the extent of radio

nuclide depositions, the soil sorption characteristLcS and the successive 

transfer processes from soil to the Po river system. 

On the basis of three months investigations to evaluate the fall-out 

deposition (1-2), it was possible to work out the analysis of the radionu

clide transfer from soil to surface waters and to verify the laws governing 

such a process. 

Radionuclide transport is characterized by two main steps: a - the 

"direct runoff" of fresh deposited material from soil surface to receiving 

water body, promoted by rain water and b - the "delayed runoff" of accumula

ted radioactive material by desorption from soil and mechanical removal by 

rain water. In addition, being the Po river the final receiving water body 

for wet depositions, it was possible to obtain an evaluation of the purifica

tion power of the Po basin by considering the change with time of the concen 
I31 103 137 -

tration of some selected radionuclides ( I, Ru, Cs). Of course, this 

evaluation holds only for the upstream part of the catch basin with respect 

to the investigated section. The latter was located at Castel San Giovanni, 
2 

in the middle course of the Po river~ with a catch basin of 42,000 Km and 
,J -1 

an average river flow rate of 1,000 m s 

RESULTS AND DISCUSSION 

According to Jacobi (3) the activity concentration, c , of a given ra
w 

dionuclide in river water, is expected to be the sum of the mean fall-out 

rate, aF, and the mean accumulated soil activity, as: 

c 
w 

. a 
s 

( l ) 

The correlation coefficients K and K are given by the following 
F S 

relationships: 

KF = F . f IV ; K = F .)\ IV F W s s w 
(2) 

2 
where F is the size of the drainage area (km ) , V the river water flow rate 

at the considered reference section (km
3
1week), fw is the relative fraction 

F 
of fallout activity transferred to the river by direct runoff, A is the 

s 
rate constant for the elimination of activity from the soil to river water 

2 
by delayed runoff. The maximum cumulated activities ( KBq per m ) were 10 

137 131 103 
for Cs, 58 for I and 9 for Ru. 

The correlation coefficients for the selected radionuclides were deter

mined on the basis of eq. (1) inserting 16 measured weekly mean values of 
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a, a (corrected for physical decay) and c (Fig. 1 and 2). Radioactivity 
F S W 

measurements were carried out in the time period April 28-August 12, 1986. 

Results are reported in Table 1. The quite high values of the linear corre

lation coefficients reported in the last row of Table 1 indicate that the 

adopted model exhibits an adequate reliability to describe the complex 

mechanisms of radionuclide transfer and release. The correlation coefficients 

for direct runoff, K , for the three radionuclides are similar for 
137 

Cs 
131 F 103 

and I whereas a greater mobility is assigned to Ru. The correlation 

coefficients for the radionuclide delayed release from soil, which are 

representative of the strenght of their association to soil i indicate a 
1 ::l7 103 31 

stronger uptake for Cs, intermediate for Ru and lower :ror 1. 

Once known the K and K values and the drainage surface it is possible 
F S \ 

to obtain the values of f and A , as reported in Table 2. The f values 
F s F 

indicate that only a small fraction (0.1- 1%) of the deposited activity 

is removed from soil and directly transferred to the river. A different 

behaviour of the three radionuclides is evidentiated if the )\ values are s 
considered. Table 2 reports A

8 
values 

131 
a yearly base . The removal of I and 

137 
for Cs; however, taking into account 

evaluated on a weekly base and an 
103 

Ru is much faster than the one 

the half-lives of the investigated 
137 

radionuclides, only Cs is expected to be found in soil for a long period. 
137 

The delayed runoff of Cs, with a rate constant of 0.3% per year, allows 

to work out an "effective" half-life for this radionuclide of 26 years. Of 
137 

course Cs removal from soil may be ascribed only to leaching processes. 

As a matter of fact the self-purification power of the river, which takes 

into account radionuclide migration into soil and bioaccumulation by vegeta

bles, will act to keep lower the "effective" 
137 

Cs half-life. Evidence of 

the self-purification power of the Po river basin can be observed in Fig.2, 

which shows the variation with time of the radionuclide activity in water. 

In addition the radionuclide interaction between aqueous and suspended 

matter phases was investigated. According to Onishi ( 4) the affinity of a 

species for suspended matter can be expressed by the Kd value, which in turn 

can be also interpreted as a delay term for a given radionuclide with respect 

to its transportation along the water body to the mouth . The Kd values for 

the investigated radionuclides are reported in Fig. 3. The Kd value sequence 
137 103 131 . 131 

is Cs > Ru > I, thus indicat~ng that I transport is mainly 
137 

correlated to aqueous phase mobility, whereas Cs transport is delayed 

by strong interaction with the suspended matter. 

In order to verify the transport characteristics, radioactivity measu

rements were carried out in bottom sediments collected at the mouth of the 
131 103 

Po river in the Adriatic sea. I and Ru activities, normalized with 
137 . . 

respect to Cs act~ vi ty, are reported ~n Table 3. Normalized values are 

reported for total fall-out collected at 7 stations of the Po basin, and 

for bottom sediments. The latter activities corrected for the Kd ratios, 

are reported in the last column of Table 3. 

The analysis of the 
103

Ru normalized values indicates that, in the time 

period April 30 - June 12, 1986, the values are higher in sediments than 

in total fallout thus suggesting a greater mobility for 
103

Ru. Later, upon 
137 

the arrival of Cs in the mouth area, normalized activities become similar. 
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131 
In the case of I, activity values are higher in depositions than in 

sediments, but when corrected for the ratio of Kd values, the trend is 
131 

reversed, thus confirming 1 a much higher I mobility in the water body. 
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Table 1 - Direct and delayed runoff coefficients for Ru, I and Cs 

137 131 103 
Cs I Ru 

(m-1) -3 -1 -2 
K 3.9 X 10 1.5x 10 2.7 X 10 

s 
(week/m) 

-1 -1 -1 
K 2.0 X 10 l.Ox 10 7.9 X 10 

F 
R (linear correlation 

coefficient) 
0.95 0.90 0.94 

Table 2 - Evaluated values for fF and )\S 

137 131 103 
Cs I Ru 

f (%) 0.29 0.14 1.15 
F 

(week base) 
-5 -3 -4 

Asl 
5.6 X 10 2.1 X 10 3.8 X 10 

(year base) 
-3 -1 -2 

AS2 
2.9 X 10 1.1 X 10 2.0 X 10 

103 131 
Table 3 - Normalized Ru and I activities in total fall-out and 

Sampling 
period 

4-30/5-6 
5-7 /5-29 
6-5 /6-12 

6-19/8-14 

in Po river mouth sediments 

103 
Ru 

fall-out sediments 

1.8 3.1 
1.6 2.7 

0.6 1.2 

0.8 0.3 

corrected 
* sediments 

16 
13 

6 

1.5 

fallout 

4.7 
0.8 

137 
Cs 

sediments 

1.0 
0.2 

corrected 
* sediments 

51 
10 

* Normalized sediment activity multiplied by the ratio of the Kd values for 
"137 

interested radionuclide and Cs. 
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THIRTY YEARS OF EXPERIENCE IN HEALTH PHYSICS EDUCATION 
AT PURDUE UNIVERSITY AND PLANS FOR THE FUTURE 

Robert R. Landolt and Paul L. Ziemer 
School of Health Sciences 

Purdue University 
West Lafayette, IN, USA 47907 

INTRODUCTION 

The formal education and training of health physicists at 
Purdue University began thirty years ago with the introduction of 
a Ph.D. program followed later by M.S. and B.S. degree offerings. 
During that period 82 Ph.D., 52 M.S. and 131 B.S. students have 
received degrees in health physics and embarked on careers in 
radiation protection. Included in these numbers are graduates 
who have entered the medical physics field, but not those who 
entered nuclear medicine, although some of the latter have found 
themselves performing many health physics duties. 

EMPLOYMENT TRENDS 

One way of anticipating areas of emphasis which health 
physics education should stress in the future is to study the 
employment trends of graduates. This study has been carried out 
by evaluating employment trends in six categories: medical, 
university (academic and radiation safety), federal laboratories, 
regulatory agencies, nuclear power and waste management/remedial 
action. 

A break-out of employment areas for Ph.D. recipients, as 
shown in Table 1, indicates that in the early years of the 
program almost all took academic positions. In the early 1970s 
there was a sudden opening of Ph.D. level positions with state 
and federal regulatory agencies such as the Nuclear Regulatory 
Commission, and at Department of Energy laboratories. During the 
mid-1970s many Ph.D. recipients were hired by the nuclear power 
industry, but this opportunity for employment has diminished. 
Also, when the federal program of Radiological Health Fellowships 
was discontinued in the mid-1970s, a considerable reduction 
occurred in the number of health physics graduate students that 
could be supported at Purdue, as illustrated by the last three 
columns in Table 1. 

During the late 1960s and early 1970s most graduate students 
elected to continue on for a Ph.D. after their M.S. But in the 
mid-1970s, as illustrated in Table 2, many elected to take 
employment after completing their M.S. because of improved job 
opportunities. This option was facilitated during this period by 
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a decision to offer a non-thesis M.S. degree. By taking 
additional coursework a student could receive an M.S. without 
doing a research project, which was often not a requirement for 
the types of M.S. level positions that were available, such as 
with the nuclear power industry or regulatory agencies. This 
trend has now reversed in the mid-1980s and students are now 
electing to continue on toward a Ph.D. after finishing their M.S. 
degree. The large number of M.S. graduates hired by the nuclear 
power industry in the early 1980s was a direct result of the 
impact that the Three-Mile Island accident had upon the demand 
for advanced degree health physicists for ALARA engineering and 
emergency planning programs. 

TABLE 1 

Types of Employment Accepted Qy Ph.D. Graduates 

1958- 61- 64- 67- 70- 73- 76- 79- 82- 85-
60 63 66 69 72 75 78 81 84 87 

Nuclear Power 3 4 2 1 
Regulatory 1 4 5 2 1 2 2 
Federal Labor-

a tory 4 4 5 2 
Academic 3 2 2 6 2 2 4 1 2 
Medical 1 4 3 3 1 1 1 2 

Throughout its history the Purdue health physics program has 
encouraged graduate study by students from other countries. 
Approximately half of these students have taken permanent 
employment in the U.S. after completion of their graduate 
degrees. The remainder have returned to their native lands and 
are practicing health physicists in Canada (1 Ph.D.), Taiwan (3 
M.S.), Iran (1 Ph.D.), Brazil (1 Ph.D.), Korea (1 M.S.), 
Philippines (1 Ph.D.), and Puerto Rico (2 Ph.D.). 

TABLE 2 

Types of Employment Accepted }2y M.S. Graduates 

1967-69 70-72 73-75 76-78 79-81 82-84 85-87 

Nuclear Power 1 1 6 8 
Regulatory 4 1 
Federal Laboratory 2 6 3 1 
University Radia-

tion Safety 1 3 3 
Medical 1 1 1 6 2 1 
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In the early 1970s, the nuclear power industry became more 
active in seeking B.S. degree graduates in health physics. 
Consequently, an undergraduate program was developed at Purdue 
with a considerable amount of input from neighboring nuclear 
power utilities on the design of the curriculum. Courses such as 
reactor health physics and nuclear engineering were required in 
addition to environmental health physics, radiation biology and 
radiation dosimetry. Table 3 illustrates how rapidly this 
program grew at Purdue. The enrollment in the program peaked in 
1983, but remains strong. Again, there wa•s a significant 
increase in hiring by the nuclear industry for B.S. graduates 
shortly after the Three-Mile Island accident. The decreasing 
enrollment in the B.S. program may be related to the fact that 
most u.s. nuclear plants are now completed and operating. 
However, the demand for qualified B.S. students in the nuclear 
power industry continues to exist. Table 3 also shows, however, 
that there is a relatively even distribution of B.S. recipients 
in the other five areas of employment. Of particular importance 
is the development of a job market for B.S. recipients in the 
waste management/remedial action area. 

TABLE 3 

Types of Employment Accepted !2v. B.S. Graduates 

1973-75 76-78 79-81 82-84 85-87 

Nuclear Power 2 4 14 31 16 
Regulatory 1 2 2 3 2 
Federal Laboratory 2 5 4 
University Radiation Safety 1 4 1 2 1 
Medical 2 3 6 8 
Waste Management/Remedial 1 5 3 

Action 

The School of Health Sciences also has a strong under
graduate program in industrial hygiene. In several instances 
students have completed a dual major in health physics and 
industrial hygiene by taking the required courses in both areas. 
This type of degree has provided the student with the ability to 
perform health physics and industrial hygiene tasks at the same 
location. 

Strong efforts have been made in the B.S. program to provide 
students with applied health physics experience through a summer 
internship program which takes place between the junior and 
senior year. Since its inception, 91 students have participated 
at sites such as Fermilab, Mayo Clinic, Brookhaven National 
Laboratory, Department of Energy remedial action sites and 
several nuclear power plants. This hands-on experience has been 
invaluable in helping students to determine which area of health 
physics they wish to pursue as a career. 
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CONSIDERATIONS FOR THE FUTURE 

The demand for well-educated health physicists is expected 
to remain high well into the next century, particularly in the 
nuclear power industry. When this fact is coupled with the fact 
that many of the university health physics programs which existed 
in the 1970s are no longer active, there exists a potential for a 
serious shortage of health physicists in the u.s. in the near 
future. To complicate matters, with the declining enrollment in 
Ph.D. programs in health physics, there will be a dwindling pool 
of qualified new professors to perform teaching and research 
roles at universities. 

To help meet this challenge, several developments in the 
Purdue health physics program will be made. 

(a) Efforts will be made to strengthen course content in 
(1) radon hazard evaluation, (2) reactor decommissioning, (3) 
waste management/remedial action, (4) and regulatory policies. 
The potential revision of the radiation protection parts of the 
Code of Federal Regulations will require a considerable amount of 
modifications in course content, if not necessitate a separate 
course entirely devoted to regulatory affairs. 

(b) Nationwide, only a few graduate students are being 
supported by governmental health physics fellowships, and little, 
if any, additional help is on the horizon. Consequently, efforts 
must be made in the academic sector and, hopefully by the Health 
Physics Society, to establish industry supported fellowships and 
scholarships. In like manner, federal funding for basic research 
in the health physics area is difficult to obtain. Only by 
increased efforts to obtain fellowships and funding for research 
will it be possible to carry out thesis research in vital areas 
such as radon emanation and measurement, and low-level and high
level waste management technology. 

(c) The increasing interaction between the U.S. and other 
countries in radiation related matters, particularly in the area 
of low-level and high-level waste management, suggests the need 
for an increased amount of faculty and possibly graduate student 
exchange programs. This could take the form of sabbaticals for 
professors and practicums for graduate students, via bilateral 
agreements. 

(d) Declining enrollments, particularly in the B.s. 
program, indicate the need for vigorous recruiting efforts to be 
instituted. Plans are currently in progress to distribute 
recruiting brochures to state high schools and, for graduate 
programs, to distribute recruiting posters to college chemistry 
and physics departments nationwide. It is hoped that recruiting 
efforts by existing university programs will halt the decreasing 
enrollment trend and provide an adequate pool of health 
physicists entering the job market. 
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NUCLEAR POWER PLANT CONSEQUENCES : PERSONNEL EDUCATION 

L. Bertran and B. Houpin 
E.D.F. - Nuclear and Fossil Generation 

3, rue de Messine 75384 Paris Cedex 08, France 

ABSTRACT 

The 24,000 people working, to operate the french power plants 
were not well prepared to perform their own analysis allowing them 
to give a personal opinion and judgment regarding the information 
released by the medias shortly after the Chernobyl accident. 

Consequently, EDF had launched a wide educational program for 
its personnel. Because the tremendous volume of work to inform 
this huge population, it was necessary to educate first one hundred 
instructors (about 2 people by plant) , in charge to teach the 
executive staff of all power plants and technical departments; 
after what each executive staff having to teach its own troops. 

The paper presents this approach, the pedagogic methods as well 
as the training means used to prevent any deviation of the program 
content. 

The main difficulties and inapropriate solutions for implementing 
this program are also presented in this paper. 

The conclusion points out the possible improvements of such 
approach and the prospective enlargement of information distribution 
to the entire population through the natural and trusting vectors 
such as professors physicians, chemists priests and pastors. 
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EDUCATION AND TRAINING FOR EMERGENCY PROCEDURES 

J R A LAKEY 
Department of Nuclear Science and Technology 

Royal Naval College, Greenwich 
United Kingdom 

Mandatory emergency procedures are in force at all nuclear 
power stations and related sites using fissile material. Large 
numbers of people and enormous resources are committed to this 
purpose and so education and training is essential for the 
system to work at all. In this paper a proposal is made for 
an education and training scheme designed to maximise the 
efficiency and reliability of the system. Examples of courses 
quoted in this paper are drawn from the Department of Nuclear 
Science and Technology which is an autonomous unit in the Royal 
Naval College, Greenwich. The full range of training provided by 
the Department has been described by Lakey etal (1) (2) (3). In 
this paper courses are classified (using a letter code) in 
accordance with their objectives and recommendations made for the 
application of the courses to the people involved in emergency 
procedures. 

COURSES 

COMMAND AND CONTROL (C) 

The most important courses for nuclear emergency personnel 
are for those in command and control. A common need in these 
courses is a foundation syllabus giving an understanding of the 
hazards involved which is essential if they are to control the 
process by evaluation or checking of information received. 
Command and Control training given at RNC mainly consists of an 
intensive one week Nuclear Accident Procedures Course (NAPC) 
which acquaints officers with the overall strategy for dealing 
with accidents and with their individual roles within the 
organisation. 

PLANNING COURSES (P) 

The School of Public Health at Harvard University provides 
a course entitled Planning for Nuclear Emergencies (PNE) (4) 
which is specifically designed for Planning Officers and local 
authority personnel, including Police, Fire and Health Services. 
In addition to a Foundation syllabus the course reviews USA 
mandatory requirements and specifically the design and conduct 
of exercises. A Table Top exercise (5) is used to consolidate 
this material. 

STRATEGIC COURSES (S) AND MEDIA TRAINING (M) 

Courses, of shorter duration than one week, are needed for 
headquarters personnel whose role is strategic and political -
in this case the technical content is limited but acquaintance 
with current legislation and policy is essential. The very senior 



staff at headquarters must be given media training and some 
practice in radio and TV interview procedures. Such courses are 
appropriate for all staff likely to be interviewed. 

PROFESSIONAL ACADEMIC COURSES (A) 

The first line of defence against nuclear accidents and the 
initial action rests with the operator. In the nuclear submarine 
this is the Marine Engineer Officer who must qualify in a series 
of professional courses which include the 6 month Nuclear Reactor 
Course which attracts a post graduate diploma of the Council for 
National Academic Awards. Training for staff appointed to nuclear 
dockyards is given on the Nuclear Dockyard Course (NDOC) , a nine
week course. The PWR and its support systems are covered in 
sufficient depth to give an overall appreciation of the maintenance 
required. Officers appointed to Health Physics posts will go out 
to a period of on-job training at their parent establishment and 
on attachment at other establishments. The trainees return to 
DNST for the Nuclear Radiological Protection Course (NRPC) . This 
is a three-month professional course which includes a relevant 
project, written report and oral presentation. Successful 
completion of the NRPC and the additional project qualifies the 
trainee for the award of a University of Surrey post graduate 
diploma in Radiological Protection. 

INTRODUCTORY COURSES (I) AND GENERAL COURSES (G) 

All new personnel must receive some introduction to 
emergency procedures and where possible they should become 
acquainted with the concepts of nuclear technology. For posts in 
the nuclear propulsion programme which do not directly involve 
work on the nuclear plant but which involves working on or near 
nuclear submarines, an introductory courses, giving an overview 
of nuclear submarine propulsion and associated hazards, is 
considered to be essential. To meet this need the DNST runs a 
two-week course called the Nuclear Introductory Course (NIC) . 
This course covers in qualitative terms the essentials of nuclear 
and reactor physics, plant descriptions and operating procedures, 
health physics and radiological protection. Specialised skills 
are required for search and rescue, monitoring, fire fighting etc 
and General Courses giving training in the emergency plan and 
acquaintenance with the facilities on site are essential. 

DRILLS 

The skills required in emergency response are acquired by 
drills which extend from simple evacuation drills (ED) , through 
individual drills (ID) or standard drills, on to live drills (LD) 
involving real equipment and possibly live radioactive exercises, 
which are replaced where feasible with simulation drills (SD) 
which avoid the risks of the live drill. In many cases staff 
must work as a team and this is consolidated through team drills 
(TD). For example, fire crews (6) must develop skills in 
operation of their equipment. 



EXERCISES 

Full exercises (FE) are carried out at least once per year on 
most nuclear sites. This involves all members of the site 
emergency team and off site organisations. Limited Exercise (LE) 
are useful to test part of an emergency procedure and to give 
those with relevant skills more frequent practice. Table Top 
exercises (TT) play an important role since events from a minor 
incident to a full scale emergency can be simulated (5). Paper 
exercises can be planned and procedures executed using a minimum 
of time with a few personnel and causing no disruption to plant 
staff. 

PROPOSED EDUCATION AND TRAINING SCHEME 

The above concepts are combined into a comprehensive 
education and training proposal summarised in Table 1, the 
symbols used to describe courses, drills and exercises are drawn 
from this text but the tasks and locations are linked to USA 
practice on power reactor sites (7). Evacuation drills (ED) or 
Full Exercises (FE) are omitted since these will affect all 
personnel. For any one reactor site the cost of the emergency 
training programme is formidable and the total effort can easily 
reach several man-years per year. But realistic and effective 
training is the key to successful performance of the emergency 
response organisation without which the reactor operation would 
be unacceptable to the authorities. 
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TABLE 1 PROPOSED EDUCATION AND TRAINING SCHEMES 

Job Title/ Duties Courses Drills Exercises Location ( 1 ) 
(2) ( 3) (3) 

Shift Super- Recognise, A(NRC) LD (i) LE(m) 
visor and crew Analyse and SD(a) TT(a) 
(CR) Report TD (m) 

Manager Command and A(NRC) TD (m) LE(i) 
(TSC) Control C(NAPC) TT(m) 

Health Physics Advisory A(NRPC) TD (a) LE(i) 
(TSC) C(NAPC) LD(a) TT(m) 

M 

Health Physics Survey A(NRPC) LD(i) LE (m) 
(OSC) TD(m) 

Emergency Advisory and P(PNE) TD(a) TT(m) 
Planner (EOF) Co-odination M 

Fire Damage Control, P(PNE) LD(i) TT(a) 
(OSC) Search and or G ID(w) 

Rescue TD(w) 

Public Media Releases, C(NAPC) TD(a) TT(a) 
Relations Rumour Control M 

General Specific Tasks I(NIC) ID(i) 
(OSC) or G TD(a) 

Local Police and P(PNE) TD(a) 
Authority Medical 

Headquarters Strategic and s TT (i) 
Political M 

(1) Terminology is similar to that in US power reactor sites; 
CR = Control Room, TSC = Technical Support Centre, EOF = Emergency 
Operations Facility, OSC = Operational Support Centre, JPIC = 
Joint Public Information Centre. 

(2) Specific course titles in brackets refer to RNC or Harvard. 

(3) Frequency indicated by, (i) initial, on joining, (w) weekly, 
(m) monthly, (a) annually. 
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THE CHANGING EMPHASES IN HEALTH PHYSICS 

D. H. Denham 
Pacific Northwest Laboratory 

and 
R. L. Kathren 

Hanford Environmental Health Foundation 

This paper explores the changing emphases in health physics as evidenced 
by the subject matter of published papers in four primary English language 
journals of interest to health physicists. Articles from each journal were 
first grouped by subject and date of publication and were then compiled 
according to the list of professional domains practiced by health physicists. 
In 1983, the ABHP established these five Domains of Practice: 

• Measurements (includes dosimetry and environmental monitoring) 

• Regulations and Standards (includes ALARA and emergency response) 

• Facilities and Equipment (includes shielding, ventilation, and 
instrumentation) 

• Operations and Procedures (includes radiation control for current and 
proposed operations) 

• Education and Training (includes workers and public) 

Each of these domains includes a number of subcategories, some of which are 
shown parenthetically above. These domains are representative of the major 
areas in which a professional health physicist in the United States spends 
his working time. The ABHP uses these domains to administer a rigorous 
written examination designed to test the knowledge of prospective diplomates. 

The Health Physics journal provided the largest data base for this 
study, encompassing three decades (1958 to present). The other journals 
(with the year of introduction shown in parentheses following the title) 
included the Journal of the Society for Radiological Protection (1981), 
Radiation Protection Dosimetry (1981), and Radiation Protection Management 
(1983). These latter three journals not only are indicative of the growth of 
the profession but also of changing or intensifying emphases. 

We tabulated nine sets of articles from Health Physics, spanning all 30 
years of publication. The first set consisted of volumes 1 to 5 (1958-
1961), representing half of the volumes included in the first combined 
subject index (Volumes 1 to 10); the second set, volumes 11 to 13 (1965-
1967), comprised those volumes included in the second Health Physics subject 
index. Each of the other seven sets consisted of two volumes, representing 
at least one full year of issues. The volumes reviewed (see Table 1 for 
specific volumes included) were selected at approximately 3-year intervals. 
Using the guidance provided by the first two Health Physics subject indexes 
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(volumes 1-10 and 11-13) and our own experience, we identified 18 broad 
subject categories: accelerators, accidents, airborne radioactivity, 
bioassay, dosimetry, education and training, environmental monitoring, 
fallout, instrumentation, medical, plutonium, power reactors, radium, radon 
and daughters, regulations and standards, uranium, waste disposal, and 
weapons tests. We then placed each article into one of the 18 categories and 
tallied the number of articles per category and volume set. An estimated 90% 
of all the articles published fell into one or more of these 18 categories. 
There was the possibility for overlap, which may have resulted in some 
articles being classified in more than one category. Similarly, some 
articles (<10%) were not included in the tally (for example, an article on 
manpower) as they simply did not fil inlo any of the categories selected. 
Because the absolute number of articles in each category and volume 
combination was small, we chose to group the data resulting from the 18 
categories into the five domains of practice established by the ABHP. 

Table 1 shows the relative percentages of the Health Physics articles 
categorized by domain. Although the results of the tabulation may be more 
representative of the Health Physics journal than health physics as 
practiced, the data suggest a decreasing emphasis in the Measurements domain 
and an increasing emphasis in the Education and Training domain. Over the 
years, dosimetry (a subcategory of the Measurements domain) has been the 
dominant area of interest, though the relative emphasis in dosimetry from the 
late 1970s has declined. However, some of the apparent decline is not real, 
for the journal Radiation Protection Dosimetry, almost exclusively devoted to 
this specific area, was initiated in 1981. Thus papers that would ordinarily 
have been published in Health Physics were diverted to this new journal. 

TABLE 1. Percentage of Health Physics Journal Articles by 
ABHP Domains per Volume(s) and Year(s) of Issue 

Volume Number 
1-5 11-13 19-20 25-26 30-31 36-37 41-42 46-47 51-52 

Domain (pre- (1965- (1970- (1973- (1976) (1979) (1981- (1984) (1986-
1962) 1967) 1971) 1974) 1982) 1987) 

Measurements 68 57 59 74 68 46 36 36 37 

Regulations & 
Standards 5 4 2 4 3 3 3 5 6 

Facilities & 
Equipment 21 29 29 13 17 35 41 41 31 

Operations & 
Procedures 3 6 5 6 7 8 11 10 14 

Education & 
Training 3 3 4 4 5 9 10 8 12 
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For the other three journals, all of which have been published for fewer 
than seven years, we used the sorting process described for the Health 
Physics journal, but included all articles published to date. The current 
emphases in the health physics profession are dramatically expressed in terms 
of these three new refereed English language journals. As shown in Table 2, 
the Measurements domain is clearly the most emphasized, followed by the 
Facilities and Equipment domain. Emphasis on the Measurements domain is even 
more pronounced when articles from Radiation Protection Dosimetry, which are 
more or less exclusively published in the Measurements domain, are included 
in the tally. The domains of Regulations and Standards and of Education and 
Training are clearly given more emphasis in the newer journals than in the 
flagship journal, Health Physics. 

We grouped the Health Physics journal data for the last three sets 
(i.e., Volumes 41-41, 46-47, and 51-52) to cover a period of time comparable 
to the assembled data for the other three journals (Table 2). Because we had 
also recorded the data for books reviewed in the Health Physics journal by 
category (and then by domain), we have included that information in brackets 
beside the Health Physics article summary in Table 2. These data suggest 
that the books reviewed were more equally distributed within the five domains 
than were the journal articles. For comparison, the percentage weightings 
for the ABHP examinations are also shown in Table 2. 

TABLE 2. Percentage of Published Articles in Health Physics Journals 
During the 1980s Compared to the ABHP Exam Weightings 

Domain 

Measurements 

Regulations & 
Standards 

Facilities & 
Equipment 

Operations & 
Procedures 

Education & 
Training 

Journa 1 
of the 

Health Physics RPM* SRP** 

36 [31]++ 42 36 

5 [12] 15 23 

39 [15] 24 17 

12 [16] 4 11 

9 [26] 16 13 

* Radiation Protection Management (U.S.A.) 

Weighted 
Average 
A 11 4 

Journals+ 

44 

8 

28 

10 

9 

** Journal of the Society for Radiological Protection (U.K.) 

ABHP 
Exam 

Weighting 

30 

16 

24 

18 

12 

+ Includes Radiation Protection Dosimetry plus other journals shown 
++ Bracketed numbers refer to domains assigned to Book Reviews only 
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Other less obvious changes in emphasis were also observed through the 
review of articles published over the years. Such changes would not 
necessarily be reflected in the domains, which are rather broad in their 
scope and hence would tend to mask even large changes in relatively specific 
areas. These changes included an increased emphasis on data processing, as 
evidenced by the addition of a software section in Health Physics during 
1985; the change from ICRP 2 to ICRP 30 methodology; an increased emphasis on 
ALARA; and significant changes in the areas of environmental monitoring. For 
example, the emphasis on radon and daughters (from less than 1 or 2% of the 
articles in Health Physics in the 1960s to greater than 10% in the 1980s) has 
shown a dramatic increase compared to the subject area of environmental 
monitoring, which peaked at 25% in the mid-1970s and now hovers in the 10 to 
15% range as it had done in the earlier years. Articles relating to ALARA 
were nonexistent 20-30 years ago, but today are reflected in the increased 
emphasis on the Regulations and Standards domain. 

Perhaps somewhat surprising is the relatively low level of emphasis 
consistently given in the Health Physics journal to certain subject areas. 
In particular, this applies to power reactors and waste disposal, in which 
there has been an obvious and increasing interest in recent years by 
regulatory bodies and the media, as well as the general public. However, 
this low emphasis on power reactor health physics may be misleading, for 
this subject area is covered in numerous, other more recent publications, 
especially in the new refereed journal, Radiation Protection Management. 
Similarly, the Journal of the Society for Radiological Protection has 
provided additional emphasis on not only the area of power reactor health 
physics, but medical radiation, regulations and standards, and accidents. 
Clearly, the specific emphases given in these latter two journals differ from 
that of the older journal, Health Physics. 

To some extent, the changes in emphasis on various domains may reflect 
the differences between the world of the operational or applied health 
physicist and his research-oriented counterpart. Currently, about three
fourths of the articles in the peer-reviewed health physics literature fall 
into one of two domains: Measurements (including dosimetry and environmental 
monitoring) and Facilities and Equipment (including shielding, ventilation, 
and instrumentation). The balance of the articles were approximately equally 
split among the remaining three domains. The distribution of articles within 
the domains is similar to the weighting given these same domains by the ABHP, 
which might be interpreted as an indication of the relevance of the 
examination process for ABHP diplomates. 

This work was supported by the U. S. Department of Energy under Contract 
DE-AC06-76RLO 1830. 
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COMMUNICATION STRENGTHS 
PROTECTION PROFESSIONALS IN 

AND WEAKNESSES OF RADIATION 
THE UNITED STATES AND CANADA 

Raymond H. Johnson, C.H.P. 
Communication Sciences Institute 

16440 Emory Lane, Rockville, MD 20853 USA 

W. Larry Petcovic, M.S. 
Advanced Communication Techniques 

6437 Oaken Door, Columbia, MD 21045 USA 

Robert E. Alexander, C.H.P. 
U. S. Nuclear Regulatory Commission 

13131 Maltese Lane, Fairfax, VA 22033 USA 

INTRODUCTION 

Effective health risk communication may well determine the 
future of peaceful applications of nuclear technology and the 
social acceptance of risks from radiation in medicine, research, 
and industry. However, radiation protection professionals who 
know how to quantify risks and provide appropriate safeguards, 
have historically encountered great difficulties in communicating 
their risk perspectives to the concerned public. Since the early 
days of the Manhattan Engineering District, health physicists 
have struggled with the problems of communicating the benefits 
and risks of radiation technology to non-technical people. 

In the U.S., organizations, such as the Health Physics 
Society and the American Nuclear Society, have traditionally 
attributed communication difficulties to the public's lack of 
technical understanding. This has led to the belief that if the 
public could be provided sufficient information or education, 
they would "understand" radiation issues and their concerns about 
radiation risks would be resolved. Consequently, these national 
organizations and their local chapters have established public 
information programs and speakers bureaus. These programs 
primarily focus on presentation of technically accurate data and 
attempt to foster understanding of radiation by analogies with 
background radiation or other sources of risks commonly accepted 
by society. 

This paper will show that such public information programs 
can at their best reach only about 25% of the general public. 
These programs could greatly enhance their effectiveness by 
learning the different ways that radiation professionals and the 
general public prefer to gather data and make decisions. This 
insight was derived from a four year study of communication 
styles conducted by the Baltimore-Washington Chapter of the 
Health Physics Society. The study began in early 1983 following 
a meeting convened by the Chapter President, Dr. Allen Brodsky, 
to address what we knew about the communication strengths and 
weaknesses of health physicists. Recognizing that traditional 
communication approaches were not achieving desired results, the 
Chapter's Public Information Committee decided to host a one day 
workshop in early June 1983 to explore other approaches. The 
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authors, as both radiation professionals and communication 
specialists, conducted the workshop. This included an analysis of 
communication profiles using the Myers-Briggs Type Indicator 
(MBTI), a tool that has become the main basis of the ongoing 
communication study*. 

MBTI COMMUNICATION STUDY 

The MBTI provides a quantitative measure of how we prefer to 
gather information, make decisions, and relate to other people. 
The development of this tool was a lifelong effort by Katherine 
Briggs and her daughler, Isabel Briggs Myers, to measure concepts 
of psychological type originally defined by Carl Jung, a Swiss 
psychologist in the 1920's (My80) ( Ju23). The MBTI is now used 
worldwide for management training, organizational development, 
team building, conflict resolution, and communication training. 

The MBTI uses 166 multiple choice questions to determine our 
natural preferences in four categories: 

1) Where we get our energy by EXTRAVERSION (E) from 
interacting with people, activities, and things, or by 
INTROVERSION (I) from inner reflection, ideas, and 
private time. 

2) How we collect information by SENSING (S) -- using our five 
senses for specific, detailed, and practical data, or by 
INTUITION (N) seeing patterns, connections, meanings, 
and imaginative possibilities. 

3) How we make decisions by THINKING (T) -- using logical 
analysis, principles, and laws to determine the truth, or by 
FEELING (F) -- using personal values, other's concerns, and 
sentiments for what is good. 

4) How we relate to others by JUDGING (J) planning, 
organizing, making decisions, and striving to reach closure, 
or by PERCEIVING ( P) enlarging our awareness, keeping 
options open, resisting closure, and striving for 
understanding. 

Jung said that everyone will have a distinct preference for 
one side of each category in the same way that we naturally favor 
our right or left hand. With the current data base of over 800 
profiles, we find that the preferences of radiation protection 
professionals in the U. S. and Canada are as follows: 

(E) EXTRAVERSION 37% 
(S) SENSING -------- 43% 
(T) THINKING ------- 80% 
(J) JUDGING -------- 66% 

(I) INTROVERSION 63% 
(N) INTUITION ------ 57% 
(F) FEELING -------- 20% 
(P) PERCEIVING ----- 34% 

The overall preference is for I N T J. This is one of 16 
possible combinations of Myers-Briggs type, however, this 
particular combination of preferences represents only one percent 
of the general population. On the other hand, it is not 

* This study is funded by the Communication Sciences Institute, 
Advanced Communication Techniques, and the Baltimore-Washington 
Chapter of the Health Physics Society. 
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coincidental that people with the I N T J preference would choose 
the health physics profession. People will naturally choose 
occupations that allow them to most freely exercise their natural 
preferences. I N T J's have attributes that are vitally 
important to radiation protection. Their strengths are that they 
tend to be independent decision makers, self confident, high 
achievers, competent, efficient, good with theoretical models, 
creative, logical, and analytical. Their weaknesses arise when 
they are seen as too independent, unemotional, demanding, 
reserved, and critical. They may neglect social rituals and do 
not like to waste time in idle dialogue and play. Dealing with 
opposite types is their major problem in communications. 

LANGUAGE DIFFICULTIES 

This MBTI study has also revealed some insights that could 
revolutionize the ways we communicate with the public. Namely, 
even when we all use the same English words, there are actually 
four English languages in current use today where the meaning and 
context of the words represent lifestyles as totally different as 
those of foreign countries. 

The languages are based on one of our data gathering 
preferences, SENSING or INTUITION, or on one of our decision 
making preferences, THINKING or FEELING (Ye82). The first 
preference of the majority of radiation protection professionals 
(60 to 80%) is to communicate in the THINKING language. In this 
language they will provide logical, rational, analytical 
conclusions to radiation issues. Since this approach is favored 
primarily by technical professionals, such as scientists, 
engineers, and managers it will miss 75 - 90% of any general 
audience. Realizing this discrepancy, radiation professionals 
could turn to their second preferred language which is INTUITION 
(25 - 30%). This language relies on inspiration, imagination, 
ingenuity, theories, and models. Unfortunately, this language 
will be heard by less than 10% of any general audience, mostly 
those who are writers, artists, theoreticians, or entrepreneurs. 

The preferred language of 40% or more of the general 
population is SENSING. This language is based on the five senses 
for communication. It depends on first hand experience and 
focuses on what is said and done at the present moment. SENSING 
types want answers to radiation issues in terms of "Is is safe or 
not safe, right now?" They do not want to hear about concepts of 
linear non-threshold dose models or future probabilities of 
radiation risks. SENSING is third in preference for radiation 
professionals and less than 10% are inclined to speak this 
language. 

The most difficult language of all for radiation 
professionals is the language of FEELING. This is fourth in 
preference and the language they would prefer to avoid as far as 
possible. Less than 10% of health physicists will use this 
language, even though it is favored by 25% or more of the general 
population. This language is the opposite of THINKING as a 
decision making lifestyle and relies upon subjective values, 
sentiments, and personal experience. 



WHY COMMUNICATIONS FAIL 

When we realize that, in our every day communications, 
people are using four different languages, we can begin to 
appreciate why we have so many misunderstandings. To have any 
understanding at all, we have to continuously translate into our 
frame of reference. Communications break down when we cannot (or 
will not) do the translating. Failures in communication arise 
when two people speak different languages and are not able to 
share a common value system or derive a common meaning. 

PUBLIC COMMUNICATIONS 

Most public information programs are oriented towards 
providing simplified information to give the public a basis for 
understanding nuclear technology. What is usually not stated 
(but we know deep in our hearts), and what we really want, is for 
the public to understand radiation "THE WAY WE DO" and for them 
to think "THE WAY WE DO," in order to arrive at the same logical 
conclusions "AS WE DO." Therefore, we engage our best technical 
experts, who primarily use only the THINKING language to present 
both verbal and written communication to the public. But, what is 
the primary language of our audience? Most general audiences 
with concerns for radiation, especially at public hearings, will 
prefer to communicate in the FEELING or SENSING languages. 

CONCLUSION 

The key to successful public information is to recognize 
that there are two (or more) languages in use. Then we have the 
option of communicating in the preferred language of our 
audience. We can do the translation into the language they will 
hear and appreciate as their own, rather than forcing our 
audience to deal with our foreign language. When we attempt to 
communicate in their language, audiences will be more comfortable 
and receptive, even if we are not perfect in their language. 
Radiation professionals can easily double their effectiveness for 
addressing public concerns about nuclear technology by learning 
to communicate in the preferred language of the audience (Jo84). 
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EXPERIENCE IN TEACHING HEALTH PHYSICS AT "POST LAUREAM" LEVEL 
AT THE UNIVERSITY OF PISA 
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INFN, Sezione di Pisa, 1-56010 S. Piero a Grado (PI), Italy 

We describe the experience achieved in 
teaching Health Physics at "post lauream" 
level at the Department of Physics of the 
University of Pisa in the past 13 years. An 
updated description of the overall situation 
at the italian Universities is also presented. 

The teaching of Health Physics at "post lauream" level in 
Italy was initiated in 1961 at the Univers1ty of Bologna with an 
one-year course in "Radioprotection and Radioisotope 
Techniques". More than ten years later a second initiative was 
established at the University of Pisa with an one-year course in 
Health Physics ("Corso di Cultura in Fisica Sanitaria"), which 
was open to students with a degree in Physics, Engineering and 
Chemistry. The course was partially devoted to Health Physics, 
but other subjects were taught which were more related to 
Medical Physics. This was due to the fact that the discipline 
"Fisica Sanitaria" is not intended in Italy as an exact translation 
of the english term "Health Physics", but it has a more general 
meaning;for instance, it covers all the applications of the 
Physics to Medicine, which are tasks of the Departments of 
"Fisica Sanitaria" of the Italian Hospitals, as provided by the 
Reform of National Health Service Act [1969]. Thus the term 
"Fisica Sanitaria"should be thought of with a more general 
meaning of Health and Medical Physics, all throughout the paper. 

The "Corso di Cultura in Fisica Sanitaria" was run at the 
University of Pisa for six consecutive years from 1974 to 1980. 
The technical and scientific support was provided by the 
Department of Physics and by the Institute of Nuclear 
Engineering of the University of Pisa, by the Institutes of 
Radiology and Nuclear Medicine of the University of Florence, by 
the Pisa branch of the National Institute of Nuclear Physics 
(I.N.F.N.) and by ENEA (the Italian Agency for Nuclear and 
Alternative Energies). A statistical analysis of the students who 
attended the course is presented in table 1. In summary, about 
50% of the enrolled students completed the course, and about 
80% of htese already held or took after the completion of the 
course a job in Health and Medical Physics. From what was 
learned from our and from other experiences (similar courses 
were held at the Universities of Bologna and Milano) and taking 
into account the new University legislation (The Reform of 
University Act [1982] and the reform of the post lauream 

(*) Now at: Dipartimento di Scienze Fisiche, Universita' di Napoli, Mostra 
d'Oitremare,Pad. 19-20, 80125 Napoli, Italy 
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Table 1 

Statistical analftsis of the students of the 
" Corso di Cu tura in Fisica Sanitaria " 

Academic year 1974-75 75-76 76-77 77-78 78-79 

Maximum number 
of students 

Number of students 
enrolled 

Number of students 
who have completed 
the course 
(in percentage) 

Number of students 
who have completed 
the course and have 
a job in Health or 
Medical Physics 

no no 
limit limit 12 15 

6 24 12 7 

5 12 8 3 

83% 50% 67% 43% 

5 9 6 3 

Table 2 

List of the subjects taught at the 
"Specialty School in Fisica Sanitaria" of the 

University of PISA 

First year 

Mandatory subjects: 

15 

13 

6 

46% 

5 

- Advances in Physics 
- Elementary in 81ology, Anatomy and Human Physiology 
- Physics and Dosimetry of Radiation (I) 

Instrumentation and Biomedical Technologies (I) 
One among the following subjects: 
- Biological Effects of Radiation 
- Biophysics 
- Electronics and Nuclear Instrumentation 

Second year 

Mandatory subjects: 
- Protection of the Environment and of the Human Bein9 
- Computer Science and Statistics in Medical Applications 
- Physics and Dosimetry of Radiation (II) 
- Instrumentation and Biomedical Technologies (II) 
One among the following subjects: 
- Physics Methodologies in Radiotherapy 
- Physics Methodologies in Diagnosis 
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79-80 Total 

10 

4 66 

0 34 

0% 52% 
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Teaching Act [1982]), there came evident that the existing 
one-year course should evolve into a two-year post graduate 
school. The Specialty School in "Fisica Sanitaria" was first 
established at the University of Pisa in 1983. It followed several 
modifications, also as a result of the general coordination with 
the other similar schools in Italy. Table 2 shows the subjects 
which will be taught as from 1988 and fig.1 shows the general 
scheme of the School. 

There now exist five Specialty Schools in "Fisica Sanitaria": 
at the University of Bologna, Milano, Pisa, Roma "La Sapienza" 
and Roma "Tor Vergata" (see table 3): 52 students in total were 
enrolled in 1987 in the first year of these schools; this number 
almost fills the overall capability. New initiatives are under 
consideration among other universities, especially in the South 
of Italy. Over the last three years 50% of the students on average 
completed the two-year school and took the final exam to 
become "Specialists in Fisica Sanitaria". The various schools 
receive scientific and teaching support from many Departments 
of their own University (mainly related to the fields of Science, 
Medicine and Engineering), from Research Agencies 
(INFN,CNR,ENEA, .. ) and from Regional Hospitals ( see table 4). 

Table 3 

Students enrolled in the first year of the existing italian 
Specialty Schools in "Fisica Sanitaria" 

Academic year 1982-83 83-84 84-85 85-86 
University 
BOLOGNA 3 
MILANO 15 15 20 10 
PIS A 3 3 2 
ROMA "La Sapienza" 7 
ROMA "Tor Vergata" 9 11 14 

Table 4 

Affiliation of the members of the Faculty of the School 

BOLOGNA MILANO PIS A ROMA 

86-87 

7 
17 

5 
8 

15 

ROMA 
"La Sapienza" "Tor Vergata" 

University Departments 
Science 10 4 3 8 4 
Medicine 5 2 2 5 
Engineering 1 1 9 
Others 2 1 

ResearQh agenQies 16 2 4 2 17 
Hospitals 7 3 3 

Total 41 11 11 10 38 

Acknowledgments are due to Professors G. Maltoni, E. Fiorini, B. 
Maraviglia and C. Franconi for providing the data relative to the Specialty 
Schools of Bologna, Milano and Roma. 
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Commissariat a l'Energie Atomique 

OAR - B.P. n° 6 - 60-68 avenue du General Leclerc 
92260 Fontenay-aux-Roses, France 

ARS'T'RAC.'T' 

Benefiting from its long and rare experience accumulated over more than 
twenty years, the Groupe for Remote Intervention of the French Atomic Energy 
Commission (IPSN-DPT) now offers a highly specialized training in the 
remote- piloting of vehicules for intervening in environments hostile to 
man. 

The aim of this trAining, which is unique .In Europe, is to teach individuals 
how to pilot various types of remote-controlled vehicules, the purpose of 
which is to carry out remote controlled operations inside or outside 
installations. 

Depending on their specific nature and equipment, these vehicules, which are 
remote controlled by cables or electromagnetic waves, can assure many 
different functions in various hostile environments : 

- direct audio-visual recognition, 
- physicochemical measurements in real time or acquisition of data for batch 

treatment, 
- sampling of solids, liquids and or gases, 
- various remote operations on different materials equipment and 

installations in the presence of great potential dangers, 
- remote handling and or transport of dangerous loads (presenting radiation 

or explosion risks), 
- providing assistance to personnel during interventions, 
- rescue of persons in difficulty. 

Remote controlled equipment can be very precious in circumstances resulting 
from natural catastrophies (earthquakes, floods, avalanches, forest fires, 
volcanic eruptions) in addition to being indispensable for certain 
industrial applications (nuclear, chemical and biological). It is, of 
course, extremely advantageous to know how such equipment is used and what 
the limits are. One of the objectives of this training is to communicate 
this knowledge. 
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TRAINING AND RADIATION PROTECTION AT EDF 

Claude Pruvot 
E.D.F. Gravelines Nuclear Center 
B.P. 149 - 59820 Gravelines, France 

ABSTRACT 

E.D.F whiah is the only FPenah Nualeap EleatPiaity utility has deaided 
in 1974 a laPge nualeaP pPog~m whiah has been pealized at the end of the 
seventies and at the beginning o.f the eighties. 

Tn 1986, 42 nu~leaP units aPe in ope~tion .fop a total o.f 45 000 MW and 
pPoduaed, sinae their> .fiPst staPt-up, one thousand billions o.f Kwh, Pep.,.e
senting 186 yeaps-PeaatoP. 

To Peaah this r>esult E.D.F had to developp a stPong t~ining pPogroam 
,foP ita per'aonnel and enter'pr'ises staff employed .for' ita own account. 

This papeP will talk about : 

- t~ining devoted to the employees woPking in nucleaP plants, and 
Peception ~ffeped to outside woPkePs, 

- actions led to well know the field whePe WoPker's pe~foPm, 

- implementation means to monitoP the pePsonnel and to Peduce hie expo
supe at a low level, 

- Pesults obtained, afteP 10 yeaPs ~f PeaatoPs in operoation. 
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SCIENTIFIC GROUNDS FOR X-RAY SPECIALISTS 
INSTRUCTION IN RADIATION HYGIENE 

V.D. Usoltsev, V.I. Kuzin and N.V. Tselikov 
State Post-Graduate Medical School 

41, Saltykov-Shchedrin, Leningrad, USSR 

ABSTRACT 

X-ray exwnination is known to be most contributary to the 
population irradiation dose. Tlus dose significant~ depends 
on the level oi' radiation sai'ety competance inheri.Jlg in the 
roengenologist dealing with the examination. 

By means of analysis of the radiation safety fundamentals 
knowledge carri'ed out prior to the cour~e of training at the 
chair, by questioimaire and observation of 510 l.-ra;y doctors' 
professional activities in 5J l.-ruy departments, a set of 
occupational und functional requirements on radiation safety 
has been elaborated. 

'fliese requirements determine the objectives of the training, 
tue range of problems to be resolved by X-ray practice as well 
us the scope of' the specialist's knowledge and techniques in 
regard to radiation protection measures. The requirements are 
primarily aimed u·t aeoul'ing rudiution protection of the staff, 
patients und public at large in the process of' medical l.-ra;y 
o·~udies. '.rl.ds uim is acllieved by deciding two principal 
iusues: firstly stuff and patients oafegard within X-ray 
examination, secondly organization and methods of realization 
of the above-mentioned requirelllents. For either of issues 
individual forllls of the X-ray specialist's activities as well 
us the scope of necessary instruction and ability on his part 
are determined. · 

On the basis of the occupational and functional require
ments an advanced system of X-ray doctors training bas been 
worked out. Unge~_present conditions it proves more 
progressive than the traditiOiuU one. 
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RADIATION PROTECTION AND NUCLEAR SAFETY TRAINING 

Noemi N. GIGLI - Carlos A. MENOSSI 

ARGENTINE PTCMIC ENEPGY COMMISSION 

ABSTRACT 

Radiation protection and nuclear safety training main aim is its 
criteria and philosoplly understanding including the technical 
means applied. The training program adopted by the Argentine 
Radiological Protection and Nuclear Safety management is presen
ted in the present work, w-hich includes: 

a} Professional level training: its main aim is to prepare people 
to face the problems of radiological protection and nuclear safety 
in the whole nuclear fuel cycle, a description is given of the 
itemized subjects, duration, and deepness. This training course 
is sponsored by the IAEA since 1981. From 1980, 232 professionals 
havebeing trained, 105 of them foreigners. A deep statistical ana 
lysis has being performed, classifing: professional orientation,
country of origin and final in3ertion in to the argentine or fo-
reign nuclear activity. · 

b) Technical level training: it is prepared to give elementary 
knowledges enough to identify the radiological risks inherent to 
its own tasks. Also a description is given of the itemizad sub
jects, duration and deepness. 

c) Subsidiary training programs: a description is given of trai
ning aid given to other CNEA and external CNEA groups given to 
them teaching and scientific collaboration, as requested on the 
subjects of its competence. 

INTRODUCTION 
The main objective of Radiation Protection and Nuclear Safety 
tra1n1ng is to understand the criteria, philosophy and technical 
means applied in the specific aspects of modern science and tech
nology. 
With this objective in mind, the Radiological Protection and Nu
clear Safety branch (Gerencia de Protecci6n Radio16gica y Segu
ridad - G.P.R.S.) of the Argentine National Atomic Energy Comm
ission (C.N.E.A.) has implemented a Training Plan with special 
emphasis in the aforementioned subjects. This was intensely pu
shed in the last years (the professional course outlined in the 
following paragraph is one main example}. 
In general the training is directed to different levels of educa
tion and fields of appliccations as follows. 

PROFESSIONAL LEVEL TRAININ~ 

The objective of this level of training is directed to the pro
fessionals, of diferent fields of knowledge, directly engaged in 
the production, applic~tion, control and regulation of radioac
tive materials, radiation, nuclear energy, etc .. In this last 
field the idea is to cover the full nuclear fuel cycle. 
To fulfill this obiective the CNEA (created in 1950) through the 
G.P.R.S. has implemented since 1980 an annuql, full dedication, 
Radiological Protection and Nuclear Safety Post-Graduate Course 
in coordination with the University of Buenos Aires (School of 
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Engineering) and the Health and Social Security (National Direc
tion of Environmental Quality), agreement signed among the three 
institutions in 1980. The course is also sponsored since 1981 by 
International Atomic Energy Agency - IAEA. 
It is directed to the training of professional people involved in 
different activities around the nuclear field e.g. :licensing au
thority personnel and its advisors, GPRS and outside advisors as: 
Federal Police Fire Brigade, Borders Control Brigade, etc.; uti
lities people responsible for Radiological Protection and Nucle3r 
Safety, other groups involved in the use and handling of fissio
nable and radioactjve materials and ionizing radiations. In gene
ral are professionals in or close to the decision level. 
It is limited to 30 participants per academic year: 50 % offered 
by IAEA to candidates designed by the member states and the re
maining 50 % are argentine or from other countries with which our 
country has special agreemeuts. 
In the following two charts we give a classification of the assis 
tants taking into accouPt in the first the profession and in the
second the nationality. 
CHART N~ 1 
Professron 1980 1 981 
Engineers 
Biologists 
Physicians 
Chemists 
Biochemists 
Physicists 
Others 
TCTAL 

CHART N~ 2 

Argentines 
Foreigners 

20 
1 
3 
1 
2 

2 

Algeria 
Bolivia 
Brazil 
Chile 
Colombia 

1 6 
2 
2 
4 
2 

4 

Costa Rica 
Cuba 
Ecuador 
EJ Salvador 
Philippines 
Guatemala 

1980 1 981 
26 -----r-4 

3 1 6 

1 
9 
4 

1 0 
9 
1 
6 
8 
1 
3 
2 

1 98 2 
21 

1 
2 
1 

1 98 2 
19 

1 3 

1 98 3 
1 4 

2 
1 
2 
3 
4 
5 

--rr-

1984 
11 

2 
3 
2 
3 
5 
5 

_7_1_ 
Jl 

Morocco 
Mexico 
Panama 
Paraguay 
Peru 
Poland 
R.Dominican 
Romania 
Uruguay 
Venezuela 

1 98 3 1984 _ 1_2_ _1_5 _ 

1 9 1b 

1985 
1 3 

2 
4 
1 
1 
5 
3 

1 
5 
1 
4 

23 
1 
1 
1 
6 

11 

1985 
14 

1 5 

1986 
9 
2 
2 
2 

6 
4 

1986 
14 

11 

1 987 
1 8 

2 
4 

1987 
--,-a 

1 5 

Two clarify the first chart we must mention than in "others" we 
include third grade education people but not neccessary with uni
versitary degree (e.g.: Fire Brigade officials, Science proffe
ssors of chemistry and physics, etc.). 
Also in this chart we must mention that, as will be reviewed 
latter, the curricula includes as a second part a full Nuclear 
Safety study plan for which the neccessary base is the first part 
on Radiation Protection and in general the working expectatives~fter 

of the completion of the course) is better for engineers than for 



other professionals, that is the reason why the number of engineers 
applying is higher. 
In the second chart we show the number of Argentine and foreign pe
ople (also from 1980 until 1987) and the country of origin of the 
foreigners attendants. It must be pointed out that as since 1981 
this course is also sponsored by the IAEA and also since 1983 se
veral latinamerican countries make use of provisions made in b~_la
teral agreements with Argentina the number of applicants from fo
reign countries has incresed. The highest number of foreign atten
dants usually cames from Peru, due to the fact that Argentina has 
under construction a Nuclear Research Center (which includes a 
Nuclear Research Pool type Reactor, a Radioisotope Production fa
cilities, a Radiation Protection and Nuclear Safety National Cen
ter, etc.). 

Organiz~tion of the Post-Graduate Course 
The total duration is extended to 8 full months, with full dedl
cation; this means a total of 1400 hours, from which 1000 are 
devoted to class room lectures including theoretical classes and 
problems and exercises. 
Also a total of 250 hours are devoted to field experiences in se
veral laboratories of the Ezeiza Nuclear Research Center, prima
rily at the G.P.R.S. 
During the rest of the time (approx. 150 hours) the students, acc
ompanied by professionals and technicians of the different spe
cialities involved, make several technical visits to different nu
clear instalations of the country, e.g.: 

- Research Reactors, RA-3 (1 0 l\1W pool reactor for radioisotopes 
production) C.A.Ezeiza -Buenos Aires.: RA-6 (0.5 MW pool re
actor training and research react0r) C.A.Bariloche -

- Radioisotopes production plant (I-131, Mo-99/Tc-99m, Cr-51, etc) 
C.A.Ezeiz8 - Buenos Aires. 

- San Rafael - Mendoza, Uranium extraction and concentration; 
radiological aspects evaluation. 

- Nuclear Power Plant Atucha I ( 370 MW - PHWR in operation since 
1974) Buenos Aires. 

- Nuclear Power Plant Atucha II ( 750 MW - PHWR in construction) 
Buenos Aires. 

- Nuclear Power Plant Embalse ( 600 MW Candu in operation since 
1984) C6nioba. 

- I.M.P.S.A. -Mendoza -Mechanical Industries Pescarmona. 

During the 8 months time they are covered theoretically and prac
tically all the aspects, starting from the begin1ng, of radiologi
cal protection and nuclear safety. 
Previously to start with the specializad aspects, there is a four 
week~ length levelization course to take care of the different 
professions involved in it, with talks on : mathematics, physics, 
chemistry and biology. 
The program includes the following subjects: 
lst.Part. (130 hours duration) Basic Knowledges: Radioactivity; 

Nuclear reactions; Radiation and matter interactions; 
Neutronics; Radiation measurem0nts. 

2n~.Part. (520 hours duration) Radiation Protection: Radiodosime
try; Biological Effects; Radiation Protection Basic 
Criteria; Workers Radiological Protection; Public Ra-



dialogical Protection; External Radiation Protection 
System; Radioactive wastes management; Radioactive ma
terials Transport; Radiological Protection in X-Rays 
Applications. 

3rd.Part. (33 hours duration) Criticality: Criticality accidents 
Prevention. 

4th.Part. (230 hours duration) Nuclear Safety: General Aspects; 
Safety in the Siting of N.P.P.; Safety in the Design of 
N.P.P.; Safety in the Operation of N.P.P.; Quality Ass
urance; Nuclear Risk in the Near Future. 

Moreover,at the end of the course each participant must prepare R 
seminar, individual field of specialization oriented,with one week 
preparation time under the supervision of an specialist in the co
rrespondinr area and a formal presentarion before a uanel of pro
fessors. 
They are also several lectures in very special topics given by ar
gentine and foreign professors (e.g.: Dr. Jammet; Dr. Beninson; 
Prof. Bengstron; Mr. Lederman; etc.). 
Finally, in accordance with the organization that grants the fe
llowships, IAEA, the students must fulfill all the programed acti
vities and past partiAl and final examinations: the CNEA has the 
responsability to keep informed the IAEP. about the achievements 
of every attendant and the general development of the course for 
every academic year. 

TECrWICIANS LEVEL TRAINING 
Technicians level in Argentina is equivalent to a High School Le
vel in USA, but of 6 years duration, the first 3 years devoted to 
gEneral \nowledge in mathun:lLie:;, physics, drawL1g, hulllaniLies, 
etc., and the last 3 years with specialization e.g.: in Chemistry, 
Electronics, Mechanics, Electricity, etc. 
The technical level training course is organized in a way to allow 
the technicians ( that work in the laboratories as supervisors 
with the professionals) to identify the radiological risks asso
ciated with his job with ionizing radiation. 
This course started in 1980 in the G.P.R.S. for his own technicians 
and has being extended latter to techricians of other areas of 
CNEA and other institutions. 
It is given once a year with a duration of 9 weeks, with full de
dication, this amounts to a total of 360 hours, 270 of which are 
class room lectures, problems and practical applications. The rest 
of the time is dedicated to technical guided visits to nuclear 

and radioactive instalations with special emphasis of the tasks 
performed in them in relationwtth Radiological Protection. 
The program covers the following subjects: Introduction to nuclear 
physics; Radioactivity, units; Radiation and matter interaction; 
Nuclear reactions;Radlation measurements; Nuclear Instruments; In
troduction to radiodosimetry; External Irradiation; Biological 
Effects of radiation (stochastic or non stochastic); Radiological 
Protection, objectives, justificability, optimization, dose limi
tation; Operative Aspects of the Radiological Protection (workers 
and people protection); Radioprotection Teclmology, protection 
against external irradiation, protection against contamination; 
Radioactive Waste Management; Radioactive Materials Transportation; 
Some general ideas on Nuclear Safety. 
As w~s explained at the very begining of this section, the appli-
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cants must hold a degree of technician and UIJ to now we take up 
to 20 persons per year and 150 got the approval certificate ex
tended by CNEA - GPRS. 

ADDITIONAL TASKS 

Several times the GPRS has being requested to help other Insti
tutions or CNEA groups with Radiological Protection and Nuclear 
Safety training short courses as a complement to different cour
ses in related areas, for which it is convenient or imperative 
to have some knowlcdges on the subject, at least to be able to 
evaluate the risk associated with those activities. 
Since 1981 we have prepared radio1nRical protection training pro
grams (and provided the neccessary professors) that have being 
use and are used in e.g.: Radioisotopes methodology and applica
tions ( radioinmunoanalysis oriented) offered by the CNEA Ranio
isotopes and Radiations Branch and a similar one by the University 
of Buenos Aires (Pharmacy and Biochemistry Sch<:>o1). There is a 
general elementary program about Radiological Protection that co
vers such 3spects as: Radiolor,ical Protection Basic Criteria; 
Operational Aspects; Technological Aspects; Radioactive Materials 
Transport; Radiations Biological Effects; Legal Aspects an~ Natio 
nal Regulations on Radioisotopes and Ionizing Rediations. It tak~s 
30 hours of theoretical and practical lectures. Nuclear Enginee
ring Post-Graduate Course, organized by the CNE~ Research and 
Development Branch in agreement with the University of Buenos Ai
res (School of E~gineering). In this case the program also inclu
des some aspects of Nuclear Safety to cover knowledges in siting, 
design, operation and quality assurance of Nuclear Instalations 
and it takes 25 Jays (utoJe Jr l0ss 150 Lours) of theoretical and 
pr8ctical lectures. 
They are offered also several short duration courses (20 hours 
approximately) to collabora~with other Institutions related to 
ionizing radiations e.g.: Health and Social Security Ministery 
(12 courses per year); National Technological University (10 cour 
ses per year); Civil Defense Direction (Buenos Aires and provin-
ces - 10 courses per year). 

CONCLUSIONS 

After many years of work we are prepared and able to organize 
courses in differen levels to lead this discipline in our coun
try and to help other countries to organize their own programs. 
Moreover all the courses are always changing in their content to 
keep up to date information and knowledges in accordance wich the 
changing fields of the Radiation Protection and Nuclear Safety, 
this also include extra lectures about e.g.: TMI 2 and Chernobyl 
accidents, Mexico (Juarez city), Brazil (Goiania city), and Mo
rocco accidents. 
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COLOR GRAPHICS DISPLAY OF LOW-HIGH ENERGY 
ELECTRON-PHOTON TRANSPORT USING EGS4t 

R. J. Kloepping 
San Jose State University, San Jose, CA 95192 

C. J. Huntzinger 
Varian Associates, Palo Alto, CA 94303 

E. Benson and W. R. Nelson 
Stanford Linear Accelerator Center, Stanford, CA 94305 

INTRODUCTION 

Visual presentations are widely accepted and are a dynamic tool in education. Aptly 
stated by the often quoted phrase, one picture is worth ten-thousand words. The technique 
of visual presentations of Monte Carlo simulated interaction and transport using the EGS4* 
Code System1 via SLAC Unified Graphics2 , connected to an IBM-5080 High Resolution 
Color Monitor, has been previously demonstrated3•4 . 

EGS was originally developed by the Stanford Linear Accelerator Center (SLAC) and 
the High Energy Physics Laboratory (HEPL) at Stanford University as an analytical tool 
for engineering and physics. The EGS4 version released in 1985 is capable of simulating 
radiation transport from several TeV down to 1 KeY (photons) and 10 KeY (electrons and 
positrons). EGS can not only transport monoenergetic particles, but also particles generated 
from an energy distribution (e.g., a ,8-decay spectrum). Although the purpose of this paper is 
to demonstrate the graphics capability as a teaching tool, the EGS code has been thoroughly 
verified by comparison with experiment and theory. The reader is referred to SLAC-265 for 
these comparative studies1 . 

THE EGS CODE AND UNIFIED GRAPHICS: GENERAL CONSIDERATIONS 

The EGS4 code is a general purpose computer program for the coupled transport of 
electrons, positrons and photons. The code is composed of 13 subroutines, block data and 
user interface. Two subroutines of interest are HATCH, which brings in media data created 
beforehand by a preprocessor code called PEGS4, and SHOWER, which enters the initial par
ticle data and starts the simulation. The EGS code itself is "driven" by a user-defined code 
written in the Mortran3 language5 . This User Code defines a specific geometry by means 
of subroutine HOWFAR. Another user-written subroutine, AUSGAB, scores the results of inter
est, such as particle fluence, dE/dx, etc. Each particle being transported by EGS carries 
specific information about its current location, energy, direction, etc.-in other words, a 
vector is associated with each transport that takes place. An auxiliary subprogram package 
called SHOWGRAF has recently been created6 in order to plot these vectors. The various 
subroutines of SHOWGRAF make multiple calls to the SLAC Unified Graphics package2 , 

which has been interfaced to an IBM-5080 High Resolution Color Monitor by means of an 
IBM-3033 mainframe computer. 

SIMULATION OF THE ,8-DECAY SPECTRUM OF 32 P 

For the example to be demonstrated, a three dimensional geometry of a finger was 
simulated by means of concentric cylinders of finite length (8 em). The geometric parameters 

* .Electron-Gamma S.hower (Version±). 



were based on measurements taken from a hand x-ray. The simulated bone diameter (1.0 em) 
represents the average diameter of the middle, joint and proximid of the middle phalanges. 
The thickness of the dermis and epidermis was taken as 0.3 em and 0.04 em, respectively. 
The 32 P distributions considered were 1) a 4 em isotropic line source positioned at the outer 
edge of the epidermis and 2) a 4 em long isotropic volume source distributed uniformly 
throughout the bone. The bone was assumed to be of uniform composition and density 
(1.85 g/cm3 ), as was the tissue (1.00 g/cm3 ). All particles were followed down to 10 KeY. 

The form used for the theoretical beta spectrum was that described by Konopiniski 
and Rose7 . The probability density function (PDF) for 32 P was generated using the Fermi 
function tabulation of Fano8 corrected for the screening effect. The spectrum was introduced 
into EGS in the form of a cumulative distribution function (CDF) look-up table. 

To verify if the beta spectrum in EGS was correct, a comparison was made between the 
histogram obtained by sampling from the CDF and the theoretical distribution represented 
by the normalized PDF. As shown in Fig. 1, the histogram compares quite well with the 32 P 
spectrum. 
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Figure 1. The ,8-decay spectrum of 32 P: sampled distribution (histogram), theo
retical PDF (solid curve). 

Figure 2 represents a view normal to the cylindrical axis of the simulated finger, where 
the 32 P line source is quite apparent at the top edge of the epidermis (i.e., the outer cylinder). 
For purposes of clarity, all isotropically sampled betas emanating upwards were redirected 
180° back into the finger. Some of the betas are observed to transport to the bone region 
(Tmax ::::::1.7 MeV corresponds to a CSDA range of 0.81 em in water). A few bremsstrahlung 
photons are also shown (dotted lines). A slightly expanded end view of the same set of 
events is shown in Fig. 3. In all cases 200 events are shown. 

The stochastic processes encountered in microdosimetry are nicely demonstrated in 
Fig. 4, where 32 P radioactivity is uniformly distributed within the bone. An expanded end 
view is show in Fig. 5. 
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Figure 2. Side view of the finger with a 32 P line source positioned on the epidermis. 

Figure 3. End view of the finger with a 32 P line source positioned on the epidermis. 

( \. 

Figure 4. Side view of the finger with 32P radioactivity uniformly distributed over 
a 4 em length of the volume. 
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Figure 5. End view of the finger with 32 P radioactivity uniformly distributed over 
a 4 em length of the volume. 

DISCUSSION 

The radiation transport and stochastic processes are clearly shown in the EGS4 gener
ated 2-D black and white figures shown above. However, the full impact of the EGS4/Unified 
Graphics coupling can only begun to be appreciated as a dynamic teaching tool in the full 
3-D color graphics that will be presented at the Poster Session of this meeting. In addition 
to the 32P example above, additional examples will be presented at this session. 
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TEACHING RADIATION PHYSICS AND RADIATION PROTECTION TO MEDICAL 
STUDENTS 

Peter Holmberg 
Department of Medical Physics, University of Helsinki, Helsinki, 

Finland 

INTRODUCTION 

Before even beginning, the good teacher needs to formulate 
answers to the following questions: Why is it necessary to teach 
a certain subject or to deliver a particular course? What should 
the content of the course be? How shall teaching take place? 
The goal of the course should be clear to both pupils and teach
ers right from the start. By commencing the course with a def
inition of goals, one at the same time indicates the content and 
provides the students with the necessary motivation. Further, if 
the content of the course is presented in a positive and appea
ling way, the students are likely to listen and actively partici
pate in the work. In the following, there is discussed the 
teaching of a course in radiation physics for medical students in 
the context of the three questions stated above. 

THE NEED FOR MEDICAL RADIATION KNOWLEDGE 

Man is continuously exposed to ionizing radiation from natu
ral sources, over which he has little control. This so-called 
background radiation is either "external" or "internal" depending 
on where the source is situated. Artificial sources also con
tribute to the total radiation dose. Figure 1 depicts the main 
sources ( 1) . The natural radiation reaching man from outside 
consists of cosmic rays (13%) and radiation originating inside 
the Earth (16%). The internal radiation comes from the radioac
tive isotope 40K (16%). The decay of radon also contribute to 
the annual radiation dose (33%). Artificially produced radia
tion, whose source is Man himself, includes the medical use of 
radiation (21%) and minor contributions from fallout, radioactive 
wastes from nuclear power plants and nuclear fuel (1%). 

Although the annual radiation dose varies widely with geo
graphical location, we have reason to believe that the values 
given are representative averages for industrialized countries. 
Man's own contribution to the annual radiation load is therefore 
slightly more than 20%. Among the artificial sources the medical 
contribution is overwhelming under normal conditions other 
artificial radiation sources are so small that they can be neg
lected. 

On average, one fifth of the total annual dose received by 
the population in an industrialized country comes from medical 
radiation sources. The medical radiation dose per person is 
about 500 ~Svjannum. It must be emphasized, however, that this 
is an average value and large individual fluctuations around this 
average may occur. 
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Figure 1 The main sources of 
background radiation including 
radiation from artificial 
sources. 

The medical staff need to know how to minimize their own and 
their patients' radiation load. In many cases the radiologist 
will have to choose between different strategies of diagnosis or 
treatment. The positive medical benefit, i.e. a reliable diagno
sis with visual material of good quality, will have to be weighed 
against the radiation dose the patient receives and to the possi
ble complications. 

There is one further aspect that is relevant in motivating 
students toward a course in radiation physics: That is the very 
fast development of radiological equipment and techniques. Pre
sent trends indicate that increasingly sophisticated methods will 
be used in diagnosis and therapy in the future: The rapid pace of 
development makes it essential that physicians have adequate 
scientific and technical knowledge of the equipment they are 
using so that it can be used in the most effective and safest 
way. 

From the arguments given above it is self-evident that the 
medical staff of a radiological department should have a sound 
education in radiation physics and radiology. But it is also 
important that the ordinary physician have a thorough knowledge 
of the different methods he can apply, how they are carried out 
and what effects the complete procedure may have on patients and 
staff. 

The aim of the course in radiation physics is to prepare the 
students for further studies in radiology, to show how physics 
can be applied to solve present medical problems and to create a 
sound basis for the understanding of phenomena and apparatus to 
be encountered in the future. 

CONTENTS OF A COURSE IN RADIATION PHYSICS 

The medical faculty of the University of Helsinki gives a 
compulsory course in medical physics and radiation physics. Fig
ure 2 shows the volume of the course, how it fits into the gene-
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Figure 2 Graph showing the 
placement of medical physics and 
radiation physics in the program 
of medical studies. Also depic
ted are the connections with 
other disciplines. 

ral course of studies, and its relations with other medical sub
jects. The course is given during the first year of studies 
(second semester) and the students are pre-clinical students 
still without a deep understanding of medicine. The course con
sists of lectures, exercises, demonstrations and laboratory work 
and is equivalent to a total of 3.2 working weeks (1 week = 40 
hours). Table 1 shows the content of the course. 

TEACHING FORMAT FOR RADIATION PHYSICS 

The motivation of students towards the course varies during 
the term. The first part (general, medical physics) is not rece
ived as enthusiastically as the part dealing with radiation phy
sics. From the outset the students have a fairly good idea as to 
how they can benefit from the course in radiation physics (every
one is aware of the usefulness of X-rays). But it is important 
that the students are motivated to study medical physics in all 
its forms. The complete course in medical and radiation physics 
consists of smaller parts (modules) that can easily be transpor
ted from one semester to another, if necessary. 

Figure 3 shows different course formats. As the course 
proceeds from theory (lectures) to practice (clinical routines) 
the motivation of the students increases rapidly. 

There are different ways of integrating the more theoretical 
aspects and clinical routines. One solution is to take the stu
dents to the clinics to become familiar with apparatus and see 
how it functions. However, it is often difficult to coordinate 
clinical visits with lectures and, as one alternative, slides can 
be shown describing the functioning of the apparatus. Also 
data from clinical routines can be analyzed. Video programs are 
included in the course from the start, to make the demonstrations 
more vivid. This audio-visual method is not excessively expen
sive: all that is required is a portable video camera and moni
tor. Since it makes possible a demonstration of the functioning 
principles of even large and expensive apparatus, the method is 
invaluable for pre-clinical courses. 
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Table 1 Content of the course in radiation physics 

Atomic and nuclear physics 
- a basic knowledge 

Radioactivity : 
- radioactive decay 
-half-life (phys. biol. eff.) 
- series decay 
- Tc-generator 

Interaction between radiation and matter 
- different types of radiation 
- modes of interaction 
- detection of radiation 
- scintigraph and gammacamera 

X-rays : 
- X-ray tubes 
- X-ray spectra 
- kVp, rnA, s 

Diagnostic radiology 
- radiological picture 
- tomography 
- CT 

Nuclear medicine 
- isotopes 
- statical investigations 
- dynamical investigations 
- radiation dose 

Radiation biology : 
- biological effects 
- cell curvival curves 
- radiation therapy 
- radiation protection 

increase of motivation 

Lect. Lect. 

theor. educ. 

Lect. 

clin. work. 

Figure 3 Different course formats. As 
the course proceeds from theoretical topics 
to clinical work the motivation increases. 
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TR~INING OF NON-CREDENTI~LED X-R~Y OPERATORS IN R~DI~TION S~FETY 

Richard Warner 
Washington State Department of Social and Health Services 

Seattle, Washington, U.S.~. 
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The State of Washington, in common with approximately thirty 
other States in the United States, has no requirements for 
minimum training for operators of x-ray machines on human 
patients. In an attempt to correct the educational deficiency in 
non-credentialed operators, a training course has been developed 
by the State of Washington in cooperation with the Food and Drug 
~dministration. Course topics, results of a post-class question
naire, and changes in observations by State inspectors are 
discussed. 

COURSE TOPICS 

Subjects covered in the day-long course include Basic Radia
tion Perspectives, Radiation Production, Radiation Interaction 
with Matter, Biological Effects, Risks of Radiation Exposure, 
Radiation Protection, Image Quality, and Quality Assurance Tech
niques. In all cases, of course, the intent is to supply 
attendees with enough information so that they may be aware of 
the reasons for certain actions and concerns. The effect of 
changes of kVp upon resulting radiographs and upon scatter radia
tion indicate to students the need for kVp selection appropriate 
for a particular examination as well as the State requirement 
that no one be in the room during radiography unless that 
individual is necessary for the procedure. 

Early attendee critiques requested answers to patients' 
questions concerning radiographic examinations. Therefore, a 
session entitled "Patients' Concerns" was added to the standard 
course. 

POST-CLASS QUESTIONN~IRE 

Originally, pre- and post-class written examinations were 
given to students attending the class. However, written 
examinations did not measure the behavior modification expected 
from the class. The intent was not to turn non-credentialed 
technologists into physicists; the course was to motivate 
attendees to change their working conditions in such a way so as 
to obtain better radiographs with less radiation exposure to 
themselves and their patients. 
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In 1986 and 1987, questionnaires were mailed to attendees of 
the nine separate courses held in 1985 and 1986, respectively, a 
total of 213 x-ray facilities throughout the State. Responses 
were received from 70 facilities. The questions were designed to 
identify technical, administrative, and engineering changes, and 
work performance changes observable by both managment and staff. 
The questions also noted relationships between attendees and 
patients and fellow employees regarding concerns of radiation 
protection. 

The following equipment changes were found to be a direct 
result of course attendance: 

care: 

25% had replaced their screens; 
20% had purchased thermometers, timers, and other darkroom 

supplies; 
16% had upgraded major equipment or components (collimator, 

processors) 
13% replaced the safelight; 
10% began a commercial processor quality assurance contract; 

7% obtained a commercial gonad shield; 
7% bought patient-positioning aids; 
7% replaced or bought lead aprons and/or gloves; 
4% had introduced the use of a grid for chest examinations. 

Regarding changes in operators' technical procedures: 

30% 
18% 
18% 
16% 
13% 
10% 

In 

50% 

36% 
25% 
20% 

had reduced exposure time; 
began to follow an established film development guide; 
began film badge monitoring; 
performed a film fog test and made some corrections; 
began processor sensitometry/densitometry testing; 
began to refer to technique charts routinely. 

terms of observable changes in the quality of patient 

reported ''some" to "considerable" exposure time 
reduction; 
improved collimation practice; 
felt that occupational exposure was also reduced; 
reported improving patient gonad shielding practices. 

Regarding changes in radiographic quality: 

70% experienced image enhancement; 
50% reoorted "some" or "marked" reduction in film retakes; 
20% indicated improved patient positioning. 
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INSPECTIONAL OBSERVATIONS 

Routine post-course inspections were made of 49 facilities 
with operators that attended the course and compared to observa
tions at 59 facilities without operator attendance. The 49 
inspected facilities in the study group were not selected simply 
because of course attendance; these were facilities which were 
already due to be inspected according to the State's routine 
priority scheduling. The 59 control facilities were randomly 
selected to match the same proportion of types of facility 
(dental, medical, chiropractic, etc.) and geographic locations as 
those in the study group. 

For dental facilities, those without training showed an 
average decrease of patient exposure of 6% (320 to 300 mR) 
between inspections performed in 1983-84 and those performed in 
1986. Facilities with training showed a 14% average drop (280 to 
240 mR) during the same period of time. Washington State NEXT 
data for bitewing examinations in 1984-85 was 284 mR. Seemingly, 
facilities willing to send technologists to the course already 
are motivated toward lower patient exposures, and attendance at 
the course induces further exposure reduction. 

For PA chest examinations, facilities without training 
reduced patient exposure by 23% average (22 to 17 mR) within the 
same time period. Facilities with training decreased patient 
exposure by 37% (19 to 12 mR). Again, facilities motivated to 
training seemingly began at a lower patient exposure and 
decreased the patient exposure even more after the training. 

Similar data occur with studies of other examinations. 

Data was also collected to compare facilities' noncompliance 
rates as a function of operator training. During the same period 
of time, 57.3% of all Washington State facilities were found to 
be in compliance with State regulations. Those facilities which 
sent operators to the course had a pre-training compliant inspec
tion rate of 61% which increased to 74% during the first inspec
tion after the training course. 

The types of noncompliance also change with training. Pre
training inspections noted that most noncompliances were 
associated with lack of adequate collimation, inadequate gonad 
shielding, and improper exposure switch placement. Post-training 
noncompliances showed the highest rate in improper exposure 
switch placement and inadequate film processing, with other non
compliances at a much lower rate. 



CONCLUSIONS 

Definite improvements in State inspection compliance rates, 
patient and occupational exposures, and actions taken to improve 
radiographic quality can be achieved from even a single-day 
training activity. The improvements noted appear to be greater 
than those accomplished with programs exclusively emphasizing 
inspection and enforcement. 
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INTRODUCTION 

Rolf Sievert was born in 1896, the year in 
which Henri Becquerel discovered the phenomenon 
of radioactivity. This can be regarded as one 
motive to devote this Sievert Lecture some new 
and actual aspects of environmental radioacti
vity and its impact on man. Rolf Sievert him
self was strongly interested in this field. 
Under his leadership important studies on the 
sources and levels of natural radiation and ra-

Rolf M.Sievert dioactivity in our indoor and outdoor environ-
1896-1966 ment have been carried out in the Department of 

Radiophysics of the famous Karolinska Institute 
in Stockholm. As an example I want to mention the doctor thesis of his 
co-worker Bengt Hultqvist (1956). This study revealed for the first 
time the wide variation range of radon (222Rn) levels in the indoor 
air of Swedish houses. At this time Sievert and Hultqvist believed 
that the high radon levels observed in some houses would be a specific 
Swedish problem, restricted to houses built of concrete containing 
alum-shale with a high radium content. These pioneer studies have been 
successfully continued under the leadership of Bo Lindell and now of 
Gunnar Bengtsson at the National Institute of Radiation Protection in 
Stockholm which had its origin in Rolf Sievert's department. 

Today we know that r·adon in houses is a world-wide problem. Taking 
into account the improved models on lung dosimetry, it has become 
evident that inhalation of the short-lived decay products of radon 
(222Rn) in indoor air yields by far the highest contr·ibution to the 
total population exposure from natural and man-made radiation sources 
(UNSCEAR 1982; NCRP 1987). The control and mitigation of radon in 
existing houses and the implications on building codes for new houses 
represent one of the most important challenges tu the radiation pro
tection community and the responsible authorities. The solution of 
this radon problem in houses is strongly linked with that on the risk 
of lung cancer which might be associated with this indoor exposure to 
radon and its decay products. The discussion of this question will be 
the subject of one part of this Sievert Lecture. 
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The other part of this lecture is concerned with a problem in the 
outdoor environment: the transfer of radionuclides through food chains 
to man. The actuality of this field is well known; it is related with 
the reactor accident at Chernobyl that happened two years ago. In this 
part of my lecture I want to describe some results of our work at the 
GSF-Institute for Radiation Protection on the development of dynamic 
radioecological models and their validation by measurements after the 
Chernobyl accident. 

ACTIVITY TRANSFER THROUGH FOOD CHAINS 

Radioecological Modelling 

The transfer of radionuclides through food chains to man is, besides 
the dose from external irradiation, the most relevant exposure pathway 
in the case of a contamination of the outdoor environment. For chro
nic operational releases of activity from nuclear facilities, rather 
simple transfer models are used which consider only the reached 
steady-state equilibrium conditions. Many of these simplifying models 
are designed to lead to an overestimation of the actual exposure. 

In the case of high accidental releases more realistic radioecological 
models are required to enable appropriate decisions on eventually 
necessary countermeasures. In particular, such models should provide 
with sufficient accuracy a prediction of the expected activity con
centration in relevant foodstuffs as function of time and of the 
cumulative potential radiation exposure via these pathways. Annual 
mean values of the overall-transfer coefficients of strontium-90, 
iodine-131 and cesium-137 in major groups of foodstuffs have been 
estimated by a regression analysis of data from nuclear weapon tests. 
These results are summarized in the reports of UNSCEAR /1977, 1982). 
These values refer, however, to a long-term and a rather uniform 
spatial deposition of these radionuclides. They cannot be applied to 
the predictive evaluation of the dietary activity intake and the 
corresponding ingestion dose to the local and regional population in 
the case of short-term, accidental releases. This has been confirmed 
by the observations after the Chernobyl accident. 

Already in 1978 we started in our laboratory the development of 
realistic dynamic models for the predictive evaluation of the spatial 
and temporal distribution of the external and internal radiation ex
posure which might occur as a consequence of possible accidents at nu
clear facilities. Main emphasis was laid to the simulation of the 
transfer kinetics through food chains, taking into account typical 
agricultural conditions and their seasonal variation in the F.R. of 
Germany. First results of this so-called ECOSYS model have been pub
lished in a comprehensive report in 1982 (Matthies et al. 1982). An 
improved version of this model has been presented three years later 
(MUller et al. 1985). 
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Results of the ECOSYS Model 

In the following some selected results of this dynamic model are out
lined and discussed. For some important radionuclides figure 1 shows 
the effective dose equivalent commitment from the intake with the 
total diet, integrated over an intake period of 50 years, as function 
of the calendar month in which the deposition occurs. The data in this 
figure refer to the first, simplified version of the ECOSYS model and 
take into account the average food consumption rates of adults in the 
F.R. of Germany (Matthies et al. 1982). They are normalized to a de
position density of 1 k8q m-2 and an interception factor of 1 on 
plant surfaces. 

The strong seasonal variation of the dose commitment per unit depo
sition density is due to the direct deposition on plant surfaces and 
the subsequent uptake through the cuticula of plants during the vege
tation period. This variation is, therefore, more pronounced for those 
radionuclides, like cesium-137, for which the root uptake from normal 
soils is rather low. The dose contribution by uptake from soil is, 
under the vegetational conditions in Germany, the dominant source term 
for depositions during the winter months (see figure 1). 

Another sensitive parameter is the interception factor of plants which 
depends on the type and growth status of plants, and on the type of 
deposition (wet or dry deposition). Figure 2 shows the cumulative In
gestion dose as function of time after deposition for different values 
of the interception factor, as it results from an Improved version of 
the ECOSYS model for a deposition of l kBq m-2 of ceslum-137 in the 
first days of May (Muller et al. 1985, 1987). For wet deposition by 
rainfall the model proceeds from an interception factor of about 
0.1-0.2. Higher values in the range of 0.5-1 may be appropriate in the 
case of dry deposition. 

The increase of the ingestion dose with time after deposition, shown 
in figure 2, reflects again the strong influence of direct foliar up
take. For depositions during the vegetation period the contribution 
from this source determines the ingestion dose received during the 
first two years. The contamination of foodstuffs due to the uptake 
from soil is a long-term process, the kinetics of which are mainly 
determined by the migration and sorption processes of the deposited 
radionuclides in the soil. The dose contribution from this pathway is 
indicated by the dotted line. 

Due to the direct deposition and foliar uptake by plants, the specific 
activity of milk, meat, leafy vegetables and cereal products varies 
strongly with time after deposition. For example, figure 3 shows the 
variation of the mean specific activity in major groups of foodstuffs, 
as it follows from the improved version of the ECOSYS model for the 
deposition of cesium-137 in early May, normalized to a deposition 
density of 1 kBq m-2 and a mean interception factor of 0. 2 in the 
area where the foodstuffs are produced. 
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Under these conditions the model yields a peak value of the specific 
activity in milk and beef at about 5 or 30 days after deposition, 
respectively. For the rapid decrease afterwards, the growth of biomass 
is an important factor. At the beginning of the winter period, about 6 
months after deposition, the specific activity in beef and milk in
creases again due to the feeding of contaminated hay and silage which 
were harvested during the summer period. After this period of dry 
feeding the contamination decreases and approaches after about two 
years the contamination level, which is caused by the cesium uptake 
from the soil. 

Comparison with Measurements after Chernobyl 

An improved version of the ECOSYS model which involved also a proba
bilistic dose assessment, was published a few months before the Cher
nobyl accident (MUller et al., 1985). This accident caused a rather 
high activity deposition in southern Bavaria in the days between April 
30 and May 2, 1986; the main deposition occurred during a heavy rain
fall with thunderstorm in a period of one hour in the afternoon of 
April 30. At our laboratory in the northern area of Munich we measured 
a total deposition density of about 400 kBq m-2 from which about 100 
and 20 kBq m-2 were allotted to iodine-131 and cesium-137, respec
tively (ISS 1986, Hotzl et al. 1987). It is interesting to note that 
the latter value was comparable with the cesium deposition reported 
for the region of Kiew. This experience shows that, under adverse 
weather conditions, the activity release from major reactor accidents 
may lead to rather high depositions far away from the emergency site. 

After the Chernobyl accident we have made more than ten thousand 
measurements in different environmental media and foodstuffs, as well 
as whole-body counting measurements. These data offered the possibi-
1 ity to validate the predictions of the ECOSYS model and to improve 
the model. In addition, in cooperation with other institutes, we have 
carried out specific feeding experiments with cows and pigs to study 
the transfer into milk and meat, and have started laboratory experi
ments to investigate the kinetics and mechanisms of the foliar uptake 
of radiocesium into grass and leaves. 

In general, with a few exceptions, the observed mean values of the 
specific activity in relevant foodstuffs as function of time after 
deposition agreed rather well with the predictions of the ECOSYS model 
(MUller et al. 1987). This was particularly valid for milk. As an 
example, figure 4 shows a comparison between the measured daily mean 
values of cesium-137 activity in milk from a dairy-farm near Munich 
during the period from May 1986 to August 1987. The closed line in 
this figure indicates the variation with time which was calculated 
with the ECOSYS model, inserting a deposition density of 20 kBq m-2 
and an interception factor of 0.2 for grass. As mentioned before, the 
second broad peak during the winter period (200th - 400th day) is due 
to the feeding of contaminated hay, which was cut mainly in June 1986. 
Also for other major foodstuffs the measured and calculated mean 
values of the time integral over the specific activity, integrated 
over the first year after deposition, agree in most cases within a 
factor of 2. 
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The final objective of such models should be the assessment of the 
cumulative activity intake with the total diet and the corresponding 
dose. Since the Chernobyl accident many whole-body-counter measure
ments of persons living in the region of Munich have been carried out. 
The cumulative frequency distribution of the total intake of radio
cesium (cesium-137 + cesium-134) during the first year, derived from 
these measurements, is shown in figure 5. The most reliable distri
bution function is represented by the curve for 21 adults who were 
measured at least once per month. In the same figure the distribution 
functions are plotted resulting from the probabilistic version of the 
ECOSYS model for an interception factor of 0.1 and 0.2, respectively 
(Muller et al. lq87). 

This comparison indicates that in the given situation, the ECOSYS 
model leads for radiocesium to an overestimation of the cumulative 
intake or dose by a factor of about 3 or 5, respectively, depending on 
the inserted interception factor. This deviation can be explained by 
severa 1 reasons: 
(1) The model assumes that all consumed foodstuffs are also produced 

in the same region of high contamination; 
(2) Normal food consumption rates have been assumed, whereas the real 

consumption rates of milk, fresh vegetables and partly also of 
meat were somewhat lower, at least until early summer 1986; 

(3) Normal feeding practices have been assumed. 
Probably, the main part of the observed deviation may be attributed to 
the first cause, because a considerable fraction of the foodstuffs 
consumed in the rather highly contaminated area of southern Bavaria 
will not be produced in this region. This influence of the spatial 
distribution of major foodstuffs is confirmed by the whole-body 
measurements of persons in other parts of Germany, where the depo
sition density after the Chernobyl accident was considerably lower, in 
average by a factor of about 5. 

In conclusion it can be stated that dynamic radioecological models can 
be a very important and useful tool for emergency management at early 
and later times after nuclear accidents, in particular for an appro
priate setting of intervention levels for major groups of foodstuffs 
(Jacobi et al. 1987). Our future work on this field is directed to the 
improvement and extension of the ECOSYS model, taking into account all 
experience obtained after the Chernobyl accident. This involves also 
the dose assessment from external radiation in urban and rural en
vironments. Based on the ECOSYS model, we intend to develop in co
operation with the Federal Health Office, a real time expert system. 
It will be part of the central monitoring and warning system in the 
Federal Republic of Germany which is provided by the German government 
for the future management of emergency situations. 

LUNG CANCER RISK FROM INDOOR RADON 

The second part of this Sievert Lecture is devoted to an entirely 
different field of environmental radioactivity. It deals with the 
population exposure to radon c222Rn) and its short-lived decay 
products, giving main emphasis to the assessment of the attributable 
risk of lung cancer. 
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General Aspects and Problems 

Since the first studies of Rolf Sievert and his co-workers, comprehen
sive surveys on radon in houses have been carried out or started in 
several countries. One of the most striking results is the observed 
large variation range of the radon level from house to house. It 
covers a range from a few up to severa 1 thousand Bq m-3, and in a 
few extreme cases values up to about 100 000 Bq m-3 have been 
measured. In most houses with strongly enhanced levels the main source 
term is the radon supply from the underlying soil. Especially this 
radon influx from the soil is a very complex process. Under these 
circumstances a realistic quantitative prediction of the radon level 
in existing houses seems rather impossible. Consequently, measurements 
are finally the only reliable method for the detection of houses with 
high radon levels. A flood of measured values have been reported in 
the last years. But these data alone do not solve the radon problem. 
Important is the fact that during the last five years efficient and 
low-cost techniques for the reduct ion of the radon influx from soi 1, 
like sub-pressurization, have been developed and tested. 

Under these aspects the question arises: What is a reasonable lower 
boundary below which no actions should be taken? Or, with other words: 
Where is the borderline between normal natural radioactivity and man
made modifications of this natural source of exposure? One should also 
have in mind that this is not a new source. Our ancestors were exposed 
to radon levels which were comparable with the values measured now. 
But they did not worry about it, because in Germany the saying goes: 
"Was ich nicht weiB, macht mich nicht heiB", which corresponds to the 
English saying "Ignorance is bliss". But today we are aware of the 
problem, and the guiding principle of precaution to which we are 
obliged in radiation protection makes it necessary to follow the 
ALARA-principle, or the principle of optimization, respectively. 

In publication 39, the ICRP has made a first attempt to outline the 
basic principles for the limitation of exposures to natural sources, 
but there is also stated that for several reasons "it would not be 
helpful to suggest a generally applicable value of an action level" 
for radon in houses (ICRP 19B4). It is obvious that a simple cost-be
nef.it analysis alone cannot give the final answer to the setting of 
such action levels. Guidelines of national authorities must be in 
accordance with the demands of public health, having in mind the 
collective detriment of health from the controllable fraction of this 
exposure. On the other hand, they should warrant a margin for the in
dividual freedom and voluntariness of decision-making. This underlines 
the necessity to inform and advise the general public in a clear and 
objective way. 

It seems reasonable to apply a step-wise system of action levels for 
the concentration of radon or its decay products in indoor air. The 
higher the observed concentration, the shorter should be the time 
period for remedial actions, if they are possible. The deciding quan
tity is the cumulative exposure. Thus action levels cAL of the con
centration should be derived from a primary action level EAL of the 
cumulative exposure, applying the relationship 

cAL x TA EAL 
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where TA is the time period in which the action should be taken. The 
possible lung cancer risk associated with this indoor exposure is an 
important criterion for the final judgement of the radon problem in 
houses and the appropriateness of mitigation measures. The epidemiolo
gical studies of various groups of Rn-exposed miners, as well as the 
findings from the externally irradiated atomic bomb survivors indicate 
that the human lung, and particularly the bronchial epithelium, is a 
rather sensitive tissue for carcinogenic effects of ionizing radiation. 

On the other hand, up to now no direct epidemiological studies on lung 
cancer from indoor exposure to radon and its decay products are avail
able which enable a quantitative risk assessment. Some smaller pilot 
studies in Sweden and Canada indicate a positive correlation. But their 
statistical and systematic error ranges are quite large, taking into 
account the overwhelming influence of smoking and the uncertainties of 
long-term exposure estimates. Case-control studies among non-smoking 
females seem to be more favourable but one should have in mind that lung 
cancer in real non-smokers is a rather rare event. 

Comparison of Risk Estimates 

Under these circumstances, risk assessments based on data from Rn-ex
posed miners seem to be more reasonable, taking into account appropriate 
correction factors for the different conditions in mines and houses. 
During the last years reports of three expert groups on this subject 
have been published in which different approaches have been considered 
(NCRP, 1984; ICRP, 1987; NRC-BEIR IV, 1988). The central estimates of 
the age-averaged mort a 1 i ty risk of 1 ung cane er per unit of indoor ex
posure to 2Z2Rn-decay products, resulting from these studies, are 
summarized in table 1. The exposure is expressed in terms of the 
equilibrium-eguivalent exposure to 222Rn (unit: 1 Bq a m-3 
87&0 Bq h m-3H risk values per unit of the potential alpha energy 
exposure to 2 Rn-decay products are given in brackets (unit: 1 WLM = 
0.0035 J h m-3; 72 Bq a m-3). 

~: Age-average risk of lung cancer per unit of indoor exposure to 
222 Rn decay products; comparison of central estimates from 

different studies and types of approaches 

Study, 

type of approach 

RELATIVE RISK PROJECTION 

ICRP (1987) { 
Refer. Population 

NRC-BEIR IV (1988) 
US-Population 

ABSOLUTE RISK PROJECTION 

NCRP (1984) 

ICRP ( 1987) 

"Dosimetric approach" 
(ICRP 1987) 

Attributable cases/106 persons 
-3 per Bq a m (per WLM) 

males 
females 

5.3 
1.1 

average, 
both sexes 

average, 

both sexes 
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(380) } 
(80) 

aver. 
3.2 (230) 

4.9 (350) 

1.8 (130) 

2.1 (150) 

1.4 (100) 



In all these studies a proportional exposure-risk relationship has been 
assumed which yields the best fit to the miner's data in the relevant 
exposure range. In a subgroup of uranium miners in the CSSR a statisti
cally significant excess frequency of lung cancer has been already ob
served at an exposure level of about 0.14 J h m-3 =- 40 WLM. This 
"statistical threshold" lies only a factor 2-5 higher than the mean 
lifetime exposure of the populations in most countries to be be expected 
from the presently measured mean concentrations in indoor air. 

More controversial are the conceptions for the risk projection as func
tion of time after exposure. In the NCRP study an absolute risk projec
tion model has been assumed. The data on lung cancer in Rn exposed 
miners as well as in the A-bomb survivors indicate, however, that the 
appearance rate of radiogenic lung cancer is similar to the age-de
pendent distribution of the normal cancer rate in a comparable non-ex
posed population. On the basis of this finding, in the two more recent 
studies (ICRP 1987, NRC 1988) preference is given to a relative risk 
projection model. In the ICRP-report a constant relative excess risk, 
whereas in the NRC (BEIR IV)-report a slight decrease with time after 
exposure was inserted. The ICRP Task Group made also a comparison with 
the results of absolute risk projection models (see table 1). This 
includes as well the so-called "dosimetric approach" which proceeds from 
the age-averaged reference risk coefficients of 1 x lo-3 sv-1, re
commended by the ICRP ( 1981) for each of the two target tissues in the 
lung: the tracheobronchial epithelium and the pulmonary tissue. 

It is important to note that the estimates from different types of 
approaches differ only by a factor of 3 to 4. This range is probably 
smaller than the total uncertainty of the input data involved in these 
models. 

The relative risk projection models yield primarily values for the 
relative excess lifetime risk. Due to this proportional hazard model, at 
equal exposure conditions the relative risk is nearly equal for males 
and females. Consequently, the absolute number of excess cases increases 
proportionally with the normal lung cancer frequency in populations, and 
will be higher for males than for females, as shown in table 1. 

This is one of the main reasons for the different absolute numbers 
averaged over both sexes, which result from the ICRP and NRC studies 
(see table 1). The ICRP estimate refers to a reference population with a 
life expectancy at birth of 70 a (males) and 75 a (females}, and a nor
mal lung cancer frequency of 600 and 120 cases (average both sexes: 360 
cases) per 106 persons per year for the male and female population, 
respectively. These values correspond roughly with the worldwide average 
frequency, resulting from the reported values in populations with high 
life expectancy. The NRC estimate refers to the US-population only, for 
which in the last years an annual lung cancer frequency of about 450 
cases/106 persons averaged over both sexes, has been reported. 

The important question arises: Which fraction of the observed lung can
cer frequency might be associated with the indoor exposure to radon 
decay products? In the UNSCEAR report ( 1982) a country-averaged mean 
value of about 15 Bq m-3 for the equi 1 ibrium-equivalent 222Rn-con
centration in indoor air and an occupancy factor of 0.8 is assumed. This 
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would yield a mean indoor exposure of 12 Bq a m-3 per year. Applying 
the risk coefficients for the reference populations resulting from the 
ICRP relative risk approach (see table 1), a chronic exposure at this 
level would yield an attributable annual frequency of about 64 and 13 
cases (average 38 cases) per 106 males and females, respectively. This 
means that nearly 10 % of the totally observed lung cancer frequency 
among males and females might be associated with this indoor exposure. 
The attributed relative loss of life expectancy would be about 0.06 %, 
averaged over both sexes, corresponding to an absolute value of about 20 
days (ICRP 1987). On the basis of absolute risk projection models, these 
values are only about a factor of 2 lower. 

This risk assessment indicates that if smoking is excluded, the indoor 
exposure to radon decay products is probably the most important exogenic 
cause of lung cancer in most countries. It underlines also the necessity 
of mitigation measures in those houses where strongly higher concen
trations due to the radon supply from soil have been measured, taking 
into account that this source term is to a large extent controllable and 
can be efficiently reduced by rather low-cost techniques. 

Risk Models: Problems and Perspectives 

The previous considerations may lead to the impression that a relative 
risk projection model enables a realistic assessment of the lifetime 
risk of lung cancer by ionizing radiation. This conclusion is premature. 
Some epidemiological data on lung cancer in American miners suggest a 
decrease of the relative risk with time after exposure (NRC 1988). A 
similar tendency can be deduced from the incidence of lung cancer in the 
A-bomb survivors (Yamamoto et al. 1987, Preston et al. 1987) if the data 
for all age groups at time of exposure are combined. However, in both 
cases due to the large statistical error range, this decrease cannot be 
quantified. Recently the results of the extended follow-up of uranium 
miners in the CSSR have been published (Seve et al. 1988). Figure 6 
shows the time dependency of the relative lung cancer risk which can be 
evaluated from these data. A maximum value in the range of 5 to 10 is 
reached 10-20 years after start of mining. Afterwards the relative risk 
decreases strongly, and at the end of the follow-up period, 32 years 
after start of exposure, a value of only about 1.2 has been found. The 
decrease is highly significant as can be seen from the confidence limits 
in this figure. 

These epidemiological findings strengthen the doubts in the appropriate
ness of relative risk models which assume a constant relative risk with 
time after exposure. Relative risk models also do not lead to a 
conclusive description of the interaction between inhaled radon daugh
ters and cigarette smoke for the induction of lung cancer (ICRP 1987, 
NRC 1988). Thus, neither absolute nor relative risk projection models 
may be appropriate for radiation risk assessments in every instance. 
This conclusion is also valid for other types of radiation-induced 
cancers (NRC 1980, Upton 1984). 

The future improvement of risk models should take into account that car
cinogenesis is a multifactorial multistage process. There is strong 
evidence that ionizing radiation, particularly at low doses, acts pri
marily on earlier stages of this process. On the other hand, the effects 
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of aging and the influence of other promoting factors affect the later 
stages. Thus the latency distributionof radiogenic lung cancer is mainly 
determined by aging and other factors, like smoking, which stimulate the 
tumor growth. Consequently, a risk model considering the multiplicative 
interaction of initiating and promoting effects seems t0 be more 
reasonable. 

In a simplified way, a multiplicative two-stage model leads to the 
following general relationship for the age-specific incidence rate 
}...(t) of lung cancer as function of age t: }...(t) = P(t) x u(t). In 
this equation P(t) characterizes the latent hazard potential of poten
tially malignant cells which is built up by all initiating agents acting 
in the early phases of the carcinogenic process. The function u(t) 
defines the probabi 1 ity for the growth and manifestation of tumors per 
unit time. This function increases strongly with age and will be ampli
fied or shifted to lower ages by smoking. 

If ionizing radiation is mainly regarded as an initiating agent, it 
leads to an increase of the latent hazard potential P(t), but causes no 
significant change of the promotion probability u(t). This is shown 
schematically in figure 7 for the example of a radiation exposure or 
dose 0 received at an age te = 30 a; for simplicity no decrease of the 
radiation-induced increment Pr(t,O) due to the removal or inactivation 
of radiation-induced potentially malignant cells is assumed. The total 
hazard function follows to 

}...(t,O) = [P0 (t) + Pr(t,O)] u(t) 

for t > te + T (< = time lag between irradiation and manifesta
tion) which leads to a relative risk function: 

}...( t' 0) 
+ 

}...0 ( t) 

As the baseline potential P0 caused by initiating agents other than 
radiation increases with age, the radiation-induced relative risk 
decreases with time after ir-radiation, as shown in the lower graph of 
figure 7. Furthermore, in accordance with epidemiological findings, 
the initial relative risk decreases with increasing age at exposure. 

Summarizing, a multiplicative, two-stage model suggests a decrease of 
the relative lung cancer risk with time after irradiation. Consequent
ly the assumption of a constant relative risk might lead to an over
estimation of the real lifetime risk. 

These considerations shall indicate some perspectives for the future 
improvement of risk models. Similar views might be valid also for 
other types of radiation-induced cancer. It is necessary to build a 
bridge between epidemiology and molecular tumor genetics. In my 
opinion, only the combination of the findings and experience from both 
these fields can lead to more realistic estimates of the cancer risk 
at low doses required for a well-founded system of dose limitation in 
radiation protection. 
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FINAL REMARKS 

Such thoughts are in accordance with Rolf Sievert's ideas. His pioneer 
work has demonstrated the success of interdisciplinary cooperation and 
the strong linkage between research and practical radiation protec
tion. The problems of environmental radioactivity outlined in this 
lecture confirm the necessity of this view. Like in the past, the con
cepts and experience of radiation protection can be and should be a 
guiding model for the protection against toxic non-radioactive chemi
cals in our environment. 

Acknowledgements. I'm greatly indebted to all scientific and technical 
co-workers in my institute who have contributed in a very efficient 
way to the work outlined in this lecture. 
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SYNOPSIS: 

EQUIPMENT REQUIREMENTS FOR HIGH ENERGY ELECTRON 
ACCELERATORS USED IN RADIOTHERAPY FOR EFFECTIVE 
RADIATION PROTECTION. 

Leelamma Abraham and 

Jassim Al Mudaires 

Ministry of Public Health, Kuwait. 

Use of high energy electron accelerators, for photon and 
electron therapy, is on the increase in radiotherapy departments 
(1). Many radiotherapists prefer to use not more than 15-20 MV 
Photons; but electrons of energy upto 45MeV are used (1,2). The 
dose rate commonly used is not less than 3Gy min-1 at the normal 
treatment distance or isocentre (3). Some dual mode accelerators 
have the capability to produce electron beam with doserate of 
even 1000 Gy min-1 (4). The presence of high energy and high 
doserate presents special problems for protection of patients, 
radiation workers and general public (5). Possible presence of 
neutrons, inevitable production of high energy photons when 
electron beam is used, induced and residual activity, noxious 
gases,capture gammas and annihilation radiation,possible radiation 
damage to equipment components/other materials and presence of 
microwave radiation are additional problems (4). 

Safety of general public can be easily achieved by proper 
design and adequate shielding of irradiation areas, provision of 
door interlocks, radiation warning, and other technical and 
administrative measures (5). However, protection of patients and 
operating personnel puts stringent requirements for the 
accelerator itself. In radiotherapy, large quantity of radiation 
at high dose rate is deleberately given to ~an. Both the 
probablity of cure and chances of hazard to normal tissues is 
highly dependent on the accuracy of the radiation quantity, 
quality and treatment planning. Even slight variation in 
treatment parameters including under exposure is highly 
undesirable. Failsafe measures should therefore be provided in 
the equipment to obtain high accuracy and precision. Any chance 
for accidental exposure should be made impossible. Strict 
evaluation of equipment design and performance is therefore 
essential right from preparation of tender documents and should 
be ensured through acceptance testing and routine quality control 
procedures and radiation protection surveys (3,10). 

This paper presents important equipment parameters relevant 
for protection in high energy medical electron accelerators. The 
requirements available in piecemeal in various national 
regulations, codes of practice and international recommendations 
or standards relating to radiation protection are compiled and 
grouped into five major categories as follows: 
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1. Provisions for accurate selection and delivery of intended 
dose as per treatment plan to the correct treatment volume. 

2. Provisions for reduction of integral dose to patients from 
other than useful beam. 

3. Provisions to avoid accidents and to deal with emergencies 
including power failure. 

4. Radiation beam quality and accessories. 

5. OLber geueral r·eyuiremellts. 

The current requirements (1,2,3,4,5,6,7,8,9,10,11) for each 
item under the above five categories including need for 
display are mentioned. 

REMARKS/DISCUSSION: 

1. The classification of items is given only for convenience but 
the requirements in various groups are interconnected. 

2. The paper deals with only those parameters involving radiation 
hazards. But it should be remembered that stable and accurate 
performance of all other components is also essential for the 
proper functioning of the equipment and effective treatment to 
the patient. 

3. Though the requirements can be found included elsewhere, the 
authors have segregated parameters relating to equipment and 
tried to introduce new recommendations in the light of the 
reported accident (9) in accelerator rooms. 

4. It should be remembered that effectiveness of therapy is 
directly related to the accuracy of estimating the treatment 
volume and setting up of patient. The accuracy in these by 
means of simulators, computer tomography or other means is 
equally important as the correct functioning of the 
accelerator unit and delivery of dose. 

5. The paper is intended as guidance for potential and current 
users not having fully developed radiation protection units. 
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tively. We do not fully understand the differences between peaks but point out that the 
primary interactions that do not occur on N2 most likely occur either on H2 or He in 
cryogenic sections or with machine materials. 

Monte-Carlo simulations performed by Gabriel et al. (not shown here) are in good 
agreement with the spectrum of Fig. 5 derived from slopes [3]. They furthermore indi
cate that about 80% of the neutrons at 200 em from the beam line are albedo neutrons, 
i.e. , scattered from tunnel walls. This was tested experimentally by repeating certain 
runs at 39 em from the beam line (Position 2, Fig. 2). The result was consistent with the 
expected radial distribution for the direct fl11ence, assuming that the albedo fiucnce is 
uniform across the tunnel section. 

Integration over the "slope" z -distribution of Fig. 4a and correcting for the 
albedo fiuence gives a value 10 neutrons produced per 900-GeV proton passing A-17 and 
per g cm-2 of N2 target. A similar calculation based on an integration over the intercept 
z -distribution (Fig. 4b) gives 5 X lo-9 neutrons produced per passing 900-Ge V proton. 
We caution the readyr that this latter value is not well understood, is subject to the 
vagueries of machine operation and will likely vary widely from place to place around a 
given accelerator ring. 

The above observations suggest a common "filter" for the neutrons, regardless of 
the nature of the original interactions which produce the parent cascade. Prominent 
parts of the filter must be the iron magnet yokes as well as the concrete tunnel lining. 
The neutron field dominates the tunnel radiation field in terms of absorbed dose to tis
sue. Because of their capability of producing lattice defects and transmutations, neu
trons of energy E ~ 150 keV are the most important potential cause of radiation dam
age to solid statenelectronic devices in accelerator tunnel environments similar to those 
studied [1]. 

This work was partially supported by the U. S. Department of Energy under Con
tract No. DE-AC03-76SF00098 with the University of California. 
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RECONSTRUCTING FALLOUT EXPOSURES TO THE U.S. POPULATION 
FROM WEAPONS TESTING IN NEVADA DURING THE 1950's 
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ABSTRACT 

Techniques used to reconstruct fallout depositions which 
included re-analyses of gummed-film and other monitoring data, 
retrospective soil and sediment sampling, and analyses of recent 
airborne gamma spectrometric survey data to locate fallout 
"hotspots" are discussed. Based on the resulting estimates of 
cumulative fallout deposition, external radiation exposure probably 
resulted in whole-body doses on the order of only 1 msv to most of 
the u.s. population. 

INTRODUCTION 

During the years 1951 to 1958, over 100 above-ground weapons 
tests were carried out at the U.S. government's Nevada Test Site 
(NTS), located NlSO km NW of Las Vegas, Nevada. In recent years, 
considerable public concern has surfaced regarding possible 
radiation exposures to the population of states downwind from the 
NTS. This concern has manifested itself in a number of lawsuits 
filed against the u.s government. In response, a number of major 
reassessment efforts were begun, starting in 1979. These include: 
the U.S. Department of Energy-sponsored Offsite Radiation Exposure 
Review Project (ORERP), whose goal is to reconstruct both external 
and internal radiation exposures to the populations of states 
downwind from the NTS (Church et al. 1987); a Congressionally
mandated u.s. National Cancer Institute (NCI) studt to estimate the 
thyroid exposure of the entire U.S. population to 31 I from NTS 
tests (Wachholz 1987; Bouville et al. 1987); and two NCI sponsored 
epidemiology studies being carried out by the University of Utah 
attempting to correlate the incidence of leukemia and thyroid cancer 
in certain downwind populations with exposure to NTS fallout 
(Rallison and Lotz 1987; Lloyd et al. 1987). 

All of these studies have one common requirement, namely, 
estimates of fallout deposition from each weapons test. These 
deposition estimates are then incorporated into various food-chain 
models, structure-shielding models, etc., to estimate either ex
ternal population doses or doses to particular organs. Most of the 
deposition estimates have been inferred from one of three major data 
sources: a) extensive survey meter monitoring in the region within a 
few hundred km of the NTS after each shot, b) estimates of daily 
fallout deposition at about 100 sites monitored throughout the u.s. 
using gummed-film, and c) retrospective estimates of cumulative 
fallout deposition from all NTS detonations inferred from residual 
amounts of 137cs and plutonium present in soil samples from undis
turbed sites. Since the latter two resulted from the efforts of the 
Environmental Measurements Laboratory (EML) and represent the only 
comprehensive sources of actual data on deposition beyond the 
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immediate downwind vicinity of the NTS, we have been closely 
involved, either directly or in an advisory capacity, in all the 
reconstruction efforts mentioned above. In addition, we have also 
developed and utilized several other innovative methods to 
supplement and corroborate the soil sampling, survey meter, and 
gummed-film data. 

METHODS 

In order to corroborate the deposition estimates, and corres
ponding radiation exposures inferred from survey meter monitoring, 
as well as to extend the estimates further downwind to areas where 
no monitoring was done, we developed a method of estimating cumu-
lative fallout deposition from measurements of 137cs and plutonium 
isotopes in undisturbed soils (Beck and Krey 1983). The NTS 137cs 
contribution is distinguished from the generally greater "global" 
fallout contribution from the large thermonuclear explosions, 
conducted external to the continental u.s. during the early 1960's, 
by the greatly different ratio of 240Pu; 239Pu for the two sources. 
Using this technique, we corroborated earlier fallout exposure 
estimates for close-in sites, and also showed that significant 
deposition occurred in areas as far away as the Salt Lake valley in 
northern Utah (Beck and Krey 1983). This finding led the ORERP to 
extend the scope of their study from the area immediately downwind 
from the NTS to as far east as western Colorado and northern New 
Mexico, utilizing the EML soil analysis technique. 

The retrospective soil analysis technique, however, provides 
information on the cumulative NTS fallout deposition only. Its 
sensitivity is also limited due to the large "global" fallout 
"background" signal. since most of the reconstruction efforts 
required more detailed information on exactly when fallout occurred 
at a given site as input to their dose pathway models, it was 
necessary to utilize the only other source of extensive data on 
fallout during this period, namely, the results of the EML gummed
film fallout monitoring network. Originally, these measurements of 
total beta activity deposited on gummed-film were intended only to 
give a gross indication of where significant fallout occurred after 
each shot. Quantitative deposition estimates based on these data 
were highly suspect due to uncertainties in collection efficiency, 
calibration, and other factors. An extensive re-analysis of the 
original data, however, has resulted in much more accurate estimates 
of individual radionuclide deposits from individual shots on a daily 
basis (Beck 1984; Becket al. 1987). As a result, these gummed-film 
data are now being utilized as a prime source of deposition esti
mates for regions outside the area of survey meter monitoring in all 
the ongoing reconstruction studies. 

Both the gummed-film deposition estimates and retrospective soil 
estimates have been shown to provide comparable results where data 
are available from both methods. Additional corroboration of 
both the temporal variation and the cumulative deposition has also 
been obtained for a few areas by examining the activity of 

137
cs and 

Pu as a function of depth in sediment cores taken from reservoirs 
and/or lakes in areas downwind from the NTS. The activity and 
isotopic composition in the vjf~~9 sediment segments can be related 



to deposits on the watershed occurring during particular time 
intervals, utilizing certain fiducial time markers. Comparison of 
the total inventory in the core with that on the shoreline then 
allows an independent estimate to be made of the average NTS and 
global fallout depositions over the watershed. The results obtained 
for two such watersheds in the state of Utah tended to corroborate 
the NTS fallout depositions inferred by other methods, providing an 
additional source of confidence in our total deposition estimates 
(Krey et al. 1987). 

The retrospective soil sampling technique described earlier, 
while powerful in its ability to distinguish the source of the soil 
activity, is not an efficient method for surveying large areas. The 
total number of sites sampled by either EML or ORERP was only about 
200, mostly in the more populated towns and cities. The survey meter 
monitoring which was carried out during the testing period was also 
limited in geographical extent. Thus concern continued to be ex
pressed regarding the possibility of isolated undetected "hotspots" 
having occurred, perhaps as a result of washout by thundershowers or 
other localized meteorological phenomena. An additional retro
spective survey technique was therefore utilized to search for these 
"potential hotspots". Fortunately, during the 1970's most of the 
U.S. had been systematically surveyed for possible sources of 
uranium ore by the National Uranium Resource Exploration Project 
(NURE), utilizing airborne gamma spectrometry. By carefully re
examining the gamma spectra so obtained over regions downwind from 
the NTS for indications of extraordinary high fluxes of 662 kev 
137cs gamma rays, i.e., well above that which would be expected in 
that area from global fallout 137cs soil inventories, we were able 
to conclude that no NTS fallout "hotspots" of any significant extent 
or magnitude were likely to have occurred (Beck 1983). 

In addition to the major sources of information on deposition 
discussed above, other less extensive sources also were utilized 
to supplement and confirm the data input into the various 
reconstruction programs. These sources included results of re
analyses of soil samples collected in various areas during the 
1950's, meteorological modeling of cloud tracks for particular shots 
(Cederwall and Peterson 1987; Hoecker and Machta 1987), and data on 
fallout monitored in air and rain by the u.s. Public Health Service 
beginning in 1956. 

DISCUSSION 

Except for areas just outside the NTS, the cumulative depo
sitions of fallout from Nevada weapons tests, and the resultant 
radiation exposures to populations, were quite small. Although 
detailed results for particular populations and pathways must await 
the publication of the final reports for the various reconstruction 
programs, the rough geographic variation in cumulative fallout 
deposition and resultant doses from external radiation exposure can 
be estimated from the gummed-film network data (Becket al. 1987). 
For persons living in the eastern and midwestern u.s., cumulative 
whole body and bone marrow doses were on the order of 1 msv, or of 
the same order as the external radiation dose ascribed to "global" 
fallout in these areas (UNSCEAR 1982), and also about the same 
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order as that received by this population in a single rear from 
natural background exposure. Corresponding cumulative 31 I 
depositions ranged from about 50,000 to 150,000 Bq m-

2 
Even in 

states just downwind from the NTS, fallout depositions, and re
sulting external exposures, were only about 3 to 4 times higher, 
although some small towns just downwind from the NTS received 
fallout and hence doses about an order of magnitude higher (Beck and 
Krey 1983). 
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DOSE TO MAN FROM THE CONSUMPTION OF MARINE SEAFOODS: 
A COMPARISON OF THE NATURALLY-OCCURRING 210po 

WITH ARTIFICIALLY-PRODUCED RADIONUCLIDES 

R. J. Pentreath and D. J. Allington 
Ministry of Agriculture, Fisheries and Food 

Directorate of Fisheries Research 
Fisheries Laboratory, Lowestoft, Suffolk NR33 OHT, UK 

INTRODUCTION 

The consumption of above-average quantities of marine sea
foods has for a long time been a characteristic of critical groups 
associated with the authorized discharge of low-level liquid 
radioactive wastes into UK coastal waters. The concentrations of 
artificially-derived radionuclides in these seafoods are routinely 
monitored and the committed effective dose equivalent calculated 
for the purposes of radiological protection. 

There is an increasing interest in the epidemiological 
aspects of risk and dose associated with certain populations in 
the vicinity of nuclear establishments, but little attempt is made 
to consider the total dose which might be received by such groups. 
A contribution to such a dose would clearly be that of the 
naturally-occurring radionuclides in the food consumed. In this 
respect it is of interest to consider the doses which could arise 
from naturally-occurring radionuclides present in seafoods: such 
nuclides include those of uranium, thorium and radium, but of par
ticular interest is 21°Po. The average dose from dietary intake 
of 210po is considered by UNSCEAR (1982) to be of the order of 
0.13 mSv a- 1 . This paper briefly examines the concentrations of 
210po in some UK marine seafoods, and estimates the dose to high 
seafood consumers compared with the the doses which such consumers 
in the Cumbrian coastal area are estimated to receive from radio
nuclides discharged under authorization by the British Nuclear 
Fuels (BNFL) reprocessing plant at Sellafield. 

210po CONCENTRATIONS IN SEAFOODS 

It has long been known that the tissues of certain.marine 
organisms contain high concentrations of 21°Po, in particular the 
hepatopancreas of some shrimps and other small crustaceans 
(Heyraud and Cherry, 1979; Cherry and Heyraud, 1981) and the 
pyloric caeca of tuna (Hoffman et al., 1974). Of greater value in 
estimating dose to man are some recent data on the concentrations 
of 210po in the soft tissues of mussels collected around the UK 
coast; these indicated a range of 111 to 279 Bq kg-1 dry weight 
(McDonald et al., 1986). 

In order to broaden the range of data available, particularly 
with regard to species eaten by man, a few samples of shellfish 
were obtained from the south-west coast of the UK and analysed for 
21°Po. The duplicate samples consisted of bulked 'white' meat 
(flesh) and 'brown' meat (hepatopancreas and gonad) of the crab, 
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Cancer pagurus, and the flesh of the mussel, Mytilus edulis, and 
of the winkle, Littorina littorea. The results are given in 
Table l. Previous analyses of the flesh of individual fish had 

Table l Concentrations of 210po (Bq kg-1 wet) 

Crab Crab Mussels Winkles 
(White meat) (Brown meat) (Flesh) (Flesh) 
- ------~~--- ---------- ------- -----

l. 53 50 19 7.7 
l. 33 4'1 18 7.5 

resulted in the following mean values: plaice (Pleuronectes 
platessa) 1.52 Bq kg-1 wet; mackerel (Scomber scombrus) 1.70 Bq 
kg I wet; and cod (Gadus morhua) 1.27 Bq kg I wet (Pentreath et 
al., 1979). 

DOSE TO HIGH SEAFOOD CONSUMERS 

The estimated dose received from the consumption of seafoods 
obtained in the vicinity of nuclear establishments in the UK is 
kept under annual review by MAFF. The critical group approach is 
used for control purposes, and the techniques used in the collec
tion of data in relation to consumers on the Cumbrian coast have 
been described by Leonard et al. (1982) and Leonard (1984). 

Table 2 Seafood consumption rates and dose received by consumers 
in the vicinity of Sellafield in 1986 (Hunt, 1987) 

------------------------
Population 

Consumers in local 
fishing community 

Consumers associated 
with commercial 
fisheries 

Typical member of 
the fish-eating public 

Annual consumption 
rate (kg a-1) 

Fish 
Crustaceans 
Molluscs 

Fish 
Crustaceans 
Molluscs 

Fish 
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36.5 
6.6 
6.6 

82 
18 
15 

15 

Committed effective 
dose equivalent on 
the basis of diffe
rent gut transfer 
factor values (f 1 ) 
for Pu and Am 
(msv a-1) 

0.12 

0.10 

0.009 

fl 
0.0005 

0.34 

0.18 

0.009 



For the 1986 assessment (Hunt, 1987), as in previous years, two 
high-consumer groups were considered: a local fishing community 
eating seafood taken fairly close to Sellafield, and a larger 
population associated with commercial fisheries at nearby fishing 
ports. The former tend to eat plaice and cod, crab and lobster, 
plus mussels, cockles, limpets and, particularly, winkles (Leonard 
and Hunt, 1985). Annual consumption rates by these two groups in 
1986 are given in Table 2, together with the fish consumption rate 
of a typical local member of the public (Hunt, 1987). The com
mitted effective dose equivalents for these groups, resulting from 
Sellafield-derived nuclides, are also given in Table 2. Two 
values are given, the difference being the result of using generic 
(0.0005) and realistic (0.0001) values for the gut transfer factor 
for Pu and Am nuclides present in molluscan shellfish and ingested 
by man. 

Although the seafoods analysed for 21Dpo were collected at a 
different site, it is of interest to estimate the dose which could 
be received at similar rates of consumption to those given in 
Table 2. In fact the 210po values for mussels are, on a dry 
weight basis (121 and 126 Bq kg-1), lower than those for mussels 
(279 Bq kg- 1 dry) collected at Ravenglass near Sellafield as cited 
by McDonald et al. (1986). 

Table 3 Estimated dose to man from 21°Po in certain seafoods 

Assumed 
consumption 
rate (kg a-1) 

Fish 
Crustaceans 
Molluscs 

36.5 
6.6 
6.6 

Fish 82 
Crustaceans 18 
Molluscs 15 

Fish 15 

Assumed diet 

Cod, plaice 
Crab white + brown 
Mussels + winkles 

Cod, plaice 
Crab, brown only 
Winkles 

Cod, plaice 
Crab, white only 
Winkles 

Cod, plaice 
Crab white + brown 
Mussels + winkles 

Cod, plaice 
Crab, brown only 
Mussels + winkles 

Cod, plaice 
Crab, white only 
Mussels + winkles 

Cod, plaice, mackerel 
-----------------------------------------

1:>84 

Estimated committed 
effective dose 
equivalent (mSv a-1) 

0.13 

0.18 

0.02 

0.33 

0.50 

0.15 

0.01 



Because of the large differences in 21°po concentration 
between brown and white crab meat, a number of different dietary 
combinations were considered. A value of 4.3 lo-7 Sv Bq-1 was 
used to calculate dose per unit intake (NRPB, 1987). The results 
are given in Table 3. 

DISCUSSION 

It would appear from a comparison of the data in Tables 2 and 
3 that the dose which could be received from 21°Po by high seafood 
consumers is of the same order as that received by the critical 
groups from the Sellafield discharges. Indeed the range is con
siderably greater, and for the highest consumers 21°Po is likely 
to be the principal contributor regardless of the source. Further 
studies are being made to examine the concentrations of 210po in 
other seafoods, and to assess their variation in relation to 
season and location around the UK coast. 
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+ ENEL - Thermal and Nuclear Research Centre - Via Rubat~ino, 54 
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INTRODUCTION 

The concentration factors (CF} of stable Co, Cs, Mn, Fe, Zn 
and Sr in different fi~h from six stretches in the middle course 
of the Po river (N. Italy) have been investigated. The space-t1me 
variation in water has been followed for 14 months. The investi
gation has been undertaken to study CF variations in the same 
fish spec1es as a function of the physico-chemlcal form of the 
different elements in water (dissolved, dissolved and exchangea
ble fraction of the part1culate, total). CF values of ~ 03Ru, ~ 3 ~I 

and ~ 34 -~ 37 Cs were also inve~tigated for Cyprinus carpio reared, 
with artificial food, in two ~emi-natural environments. 

EXPERIMENTAL 

Trace elements concentration in water was determined by ICP
AES or AAS either directly (Sr) or after enrichment with NH 4 

form chelex-100<~> (Mn,Fe,Zn,Co) or copper ferrocyanide< 2 >(Cs). 
Radionuclides were determined by gamma-ray spectrometry (Ge-Ll 
detector) after preconcentration on NCFC columns ~ 37 C~ or on ion 
exchange resins. The exchangeable fraction and the total content 
of elements in the particulate (>0.4 ~m) was determined after 
leaching with 0.3 M HCl, or total acid digestion< 3 >. Trace ele
ments in fish were determined by ICP-AES (Fe, Mn, Zn, Sr) or AAS 
(Co, Cs) following wet digestion with HN03-HF-HC10 4 mixture. Cs 
was separated before analysis, with copper ferrocyanide. Ra
dionuclides were determined by direct gamma-ray spectrometry. 

CF FROM FIELD OBSERVATIONS 

Po river water (<0.4 ~m) quality and trace elements content 
are reported in tab. 1. The analyzed species and their subdivi-
sion in different diets< 4 > are P1anctivorus Alburnus 
alburnus alborella (sample size=7): Carnivorus ~ Barbus barbus 
plebejus(8), Cyprinus carpio(1), Perea fluviatilis(4), Lepomis 
gibbosus(S), Ictalurus melas(3), Tinea tinca(1), Rutilus rubi
lio(4}; Omnivorus = Carassius carassius(1), Leuc1scufi cephalus 
cabeda(11), Chondrostoma sp.(1), Chondrostoma toxostoma(9), Chon
drostoma soetta(9), Gobio gobio(3), Scardinius erythrophthalmus 
(1), Padogobius martensi(1}; Predator= Esox lucius (1), Micro
pterus salmoides(3). 

Notwithstanding a 
ment concentrations in 
of variance; P<O.OS), 

space-time variability of some stable ele
water (Co, Zn, Sr) was observed (analysis 

the geometric mean on the all samples and 
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for each element was used to compute CF. 
CF values (wet weight) were computed for each species and 

trace element both for edible and not edible part. The Duncan's 
test showed differences among species (for the same element) of 
little significance; for this reason CF values were analysed only 
considering the feeding habits (tab. 2). Duncan's test on these 
data showed difference only for Zn, ~ 37 Cs and Fe (edible part); 
higher values for planctivorus (Zn and Fe) and both planctivorus 
and predator (~ 37 Cs) were obtained. For planctivorus fish 
(Alburnus a.a.) the data refers to the total sample. The Duncan's 
test was also applied to search differences between edible and 
not edible parts for each element. ln th1s case differences were 
observed only for Sr (omnivorus and carnivorus) and Mn (omni
vorus). CF values for ~ 37 Cs are generally lower than those for 
stable Cs, thus suggesting the occurrence ot a non equilibrium 
condition. CF values (edible part) were also evaluated (tab.3) 
according to the different physico-chemical forms of each clement 
in water (dissolved: <0.4 ~m; dissolved plus exchangeable frac
tion of the particulate; total). Only for Sr quite similar values 
were obtained; for the other elements higher CF values are ob
tained when the dissolved elements concentrations are considered. 
The latter confirms the difficulty to compare exper1mental and 
literature data, also considering that, for some elements (e.g. 
Cs and Sr), CF are greatly depending on the water and sediment 
quality (e.g. trophic state, K and Ca concentration etc. )< 5 >. 

CF FOR RADIONUCLIDES IN CYPRINUS CARPIO AFTER CHERNOBYL ACCIDENT 

Cyprinus carpio were periodically collected after Chernobyl 
accident. Space-time variability of ~ 03Ru, ~ 3 ~I and ~ 37 Cs concen
trations in edible and not edible parts as well as those in water 
(dissolved: <0.4 ~m. solid phase: >0.4 ~m) are shown in fig. 1 
for ~ 37 Cs. Only fish and water samples collected after May 12th. 
1986 were considered in computing CF (quasi-steady state condi
tion of radionuclides concentration in water). Geometric mean of 
CF data was computed,as suggested by De Bartoli ct al.< 6 >, for 
two different period of time. In the first period (30 days) equi
librium was not reached yet and ~ 37 Cs CF is only due to the 
direct contamination from water; the obtained value (CF~29) is in 
good agreement with homogeneous literature data< 7 >. Also in the 
second period (90 days), equilibrium was not yet completely 
reached, but the value for ~ 37 Cs (CF=74) include contamination 
both from water and food< 7 >. CF values for ~ 03Ru and ~ 3 ~I. com
puted for the same period of time, agree fairly well with litera
ture data ce> and, as the case of ~ 37 Cs, point out the occurrence 
of a non equilibrium condition. 
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Tab. 1 : Po river water (<0.4um) quality and trace elements content 

quality 
parameters 

Oa (ppm) 
T(°C) 
cond. ( uscm- • ) 
pH 
T.O.C. (ppm) 
c1-
so .. 
Po .. 
NO, 
Na 
K 
Ca 
Hg 
NH 4 

18880.0 

1000.0 

-;;;- 100.0 
* * E 

' cr 
ID 
'-" 18.8 

1.0 

0.1 

min max 

7. 5 10.5 
7. 7 20.9 
74 437 
7.02 8.2~ 

2. 2 3.7 
3.0 17.6 

23.0 71.6 
0. 011 0.228 
4.4 18.4 
3.7 20.~ 

1.6 4. 7 
32.5 67.8 
6.0 16.7 
0.02 0.69 

trace 
elements 

Co (ppb) 
Cs ( ) 
Hn ( . ) 
Fe ( . ) 
Zn ( . ) 
Sr ( . ) 

137Cs (Bq/m') 

sample geometric 
SlZe menn 0 min 

28 0.099 3.03 0.022 
20 0.010 l. 69 0.004 
26 15.2 2.11 5.46 
28 4.15 2.48 l. 17 
28 4.36 l. 94 l. 67 
28 339 1.32 238 

22 14.5 l. 77 7.5 

PARTICULATED (WATER) 
DISSOLVED (WATER) 
EDIBLE FISH 

---- NON EDIBLE FISH 

max 

0.95 
0.027 

54.0 
4.01 

22.5 
591 

43.7 

10000.0 

1000.0 

100.0 CiJ 
.c 

' :A 
.0 

-= 
10.0~ 

1.0 

0.1 

04124186 05114186 06103186 06123186 07113186 08102186 08122186 

F . 1 . t. f t 137 . . . ~g. 1: Tempora var~a ~ons o he Cs concentrat~on ~n Cypr~nus carpio 
and in the Po river water 
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Tab. 2 - CF values (wet weight) for different feeding habits and elements 

PLANCTIVORUS CARNIVORUS OMNIVORUS PREDATOR 

TOTAL EDIBLE NOT EDIBLE EDIBLE NOT EDIBLE EDIBLE NOT EDIBLE 
Element 

n. mean n. mean n. mean n. mean n. mean n. mean n. mean 

Co 7 2420 23 3840 23 4140 33 3840 30 3840 4 4240 2 2320 
Cs 7 1000 24 680 19 970 32 900 30 760 4 330 2 980 
Mn 7 370 26 185 23 360 32 250 30 570 4 60 2 170 
Fe 7 10390 27 3950 24 6070 36 3930 33 6190 4 2320 2 3570 
Sr 7 69 27 47 24 121 36 57 33 160 4 24 2 110 

~ 
Zn 7 14700 27 3810 24 5410 36 4771 33 8170 4 2150 2 6580 

CJ1 .137Cs 3 2050 10 360 9 310 12 510 9 521 1 (4870) 1 3060 
00 
c.o 

Tab. l - CF values (wet weight) for feeding habits with respect to different physlco-che•lcal for• 
of each element In water. I (dissolved), 2 (dissolved plus exchangeable fraction of the 
particulate matter), J (total). 

PLANCTIVOIIUS CARNIVOIIUS OMNIVORUS PREDATOR 
Element 

2 3 1 2 3 1 2 3 1 2 

Co 2420 510 330 3840 810 520 3840 810 520 4240 890 380 
Cs 1000 530 36 680 360 26 900 470 35 JJO 170 13 
Hn 370 86 71 185 44 35 250 bl 40 60 l4 11 
Fe 10390 140 33 3950 53 I 3 3930 52 13 2320 31 7 
Sr 69 62 62 47 42 42 57 51 51 24 22 22 
Zn 14700 2850 2110 3610 1020 760 4771 1280 950 2150 580 430 

1 37Cs 2050 410 - 360 73 510 100 4870 970 



EVOLUTION AND TRENDS OF THE CONCEPT OF DOSE LIMITS 

INTRODUCTION 

D. Beninson 
Energia Atomica Argentina 

The purpose of this presentation is to review the evolution 
of an important concept of radiation protection, discussing the 
change of emphasis or even meaning involved in its use. The 
concept discussed is that of the limits and the extension of their 
use to situations not covered in the past. While the author is 
involved in the work of the ICRP, it should be noted that, 
except when they are straight quotations, the materials presented 
in this paper do not represent necessarily the formal position 
of the ICRP. 

DOSE LIMITS 

The dose limits are at present only one component of the 
radiation protection recommendations. However, they are usually 
judged to have great importance, and the fact that the ICRP 
recommended values have been widely accepted has resulted in a 
global uniformity that is very positive for radiation protection. 

Limits in the past 

The real meaning of the limits has changed basically with 
the improving knowledge of radiobiology. Radiation protection 
has evolved enormously since the early concepts of "tolerable" 
levels of radiation that were analogous to toxicological ideas 
of thresholds and safety factors. In the old days, protection 
was considered to be absolute, provided that the technical means 
used to control and restrict the radiation levels did not fail. 

This approach was very reasonable when only what is now 
called "non-stochastic effects" of radiation were known. However, 
in spite of advances in radiobiological knowledge, this approach 
persisted, even if qualified by some statements. A far-reaching 
consequence of the threshold and safety factor concept was the 
tendency to interpret radiation protection solely as an 
"individual-related" activity, a tendency which persisted long 
after non-threshold effects were beginning to be taken into 
account. With this perspective, the relevant protection 
parameter was deemed to be the total dose to individuals, 
irrespective of the sources of origin. 

Conceptual basis of present dose limitation 

The identification and mainly the quantification of what is 
called now the "stochastic effects" of radiation caused a 
continuing change of attitude in radiation protection, which 
crystallized in the recommendation contained in ICRP Publication 26. 
It is not the purpose of this paper to describe in detail what is 
prescribed in the recommendation, but to stress the conceptual 
changes. 
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The role of the limit is to provide a minimum level of 
protection. The dose limits recommended by the ICRP are not 
intended, as they were in the past, to be design or planning 
values, but the lower boundary of a non-acceptable region of 
values. Values above the limits are specifically not permitted, 
but values below the limits are not automatically permitted. 
In this sense, the limits are basically constraints for the 
optimization procedures. 

However, the use of limits as constraints for optimization 
presents some conceptual difficulties, especially in the case 
of exposures of members of the public. The limit is an 
individual-related requirement, while optimization is a source
related requirement. Because the limits apply to the combined 
exposure from many sources, they cannot be used to restrict a 
given single source even when optimization would allow it. In 
fact, exposures at the limit from one single source would leave 
no margin for other practices exposing the same critical group. 
The problem of overlap of exposures from different practices is 
not restricted to any given instant of time. Each year of 
operation of a continuing practice can cause exposures which 
would be delivered in the future and which would add to the 
contribution of other years of operation in the practice. 

It is possible to control the combined future average 
effective dose equivalent from all practices by applying practical 
limits to the dose commitment per unit practice for each of the 
practices. This concept has been used in some countries to set 
constraints to the collective effective dose equivalente 
commitment per MW year of electrical energy produced by nuclear 
means. 

Upper bounds 

For the purpose of constraining optimization of the protection 
of specific practices or sources, it seems reasonable that national 
authorities select ''dose upper bounds" which are only fractions 
of the dose limit, allowing for the exposure overlap from all 
practices, and even reserving some margin for unforseen but 
justified sources in the future, which otherwise could be 
precluded. 

Upper bounds are the real basic constraints for the 
optimization of radiation protection of specific practices or 
sources. An upper bound of dose corresponds to an upper bound of 
the radiation risk due to a specific practice. It is therefore 
possible to select upper bounds for given practices by comparison 
with what is considered acceptable by society for other types of 
risks, either of similar practices or of practices giving 
similarly beneficial products. 

The dose limits recommended for the case of occupational 
exposures are typical group upper bounds for a situation where 
many different exposing radiation sources can exist. In spite of 
their historical development, they really are at present source
related group upper bounds. This flavour is strongly reflected 
in the ICRP policy underlying the use of committed dose equivalent. 
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In a statement the Commission confirms that its policy is to limit 
the risk committed by each year of operation, no credit being 
taken for earlier years, if they have committed lower risks or 
for future years in the expectation of improved conditions of 
exposure. 

It is also clear that the purpose is to limit the risk 
committed in a given period, and not the time distribution of 
the expression of the risk. The same is true when considering 
continuing practices, where the limitation applies to the dose 
commitment from a year of practice (and therefore to the maximum 
per caput annual dose in Lhe fulure), Lhus limiting the risk 
committed by one year of practice. 

Limits in the near future 

It is likely that no revolutionary changes will occur with 
the limit concept. Limits will be presented as combined upper 
bounds, having the aim of restricting the risk committed during 
one year of work or practice. The ensuing risk expression will 
be distributed in time even in the case of pure external exposures, 
existing a double time distribution for the case of intakes of 
radionucleides and a triple time distribution in the case of 
releases into the environment. 

It is also likely that there will be more emphasis on upper 
bounds and group upper bounds for specified limited groups of 
sources. The value of the limits will probably depend on 
radiological knowledge accumulated during the development of new 
recommendations, but the criterion of comparison of risks with 
safe industry and with hazards of everyday's life are likely to 
be maintained. 

LIMITATION OF RISK IN THE CASE OF PROBABILISTIC EXPOSURES 

The system of dose limitation recommended by the ICRP gives 
no guidance on design criteria for features reducing the 
probability of disruptive events leading to radiation exposures. 
However, the underlying philosophy of the system could be used 
for such purpose. 

This possibility stems from the basic concept that the limits 
really restrict the risk due to a year of work or practice. With 
a random accidental event, the risk depends on the probability 
of the event and on the resulting dose in the individuals receiving 
the highest dose. Regarding radiation effects, one deals, 
therefore, with effects of second order stochasticity. For 
example, the probability of dying (risk) of a member of the 
public due to a given potential disruptive event can be expressed 
as R = P 1 P 2 , where R is the "risk", P 1 is the probability of 
occurrence of the event which would result in a dose H to the 
member of the public under consideration, and Pz is the conditional 
probability of death given dose H. 

If several potential events are taken to be possible, the 
risk R defined in the previous paragraph becomes: 
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It should be realized that all P 2 are proportional to dose 
at the lower doses (where only stochastic effects are possible), 
but increase steeply with whole-body dose at values above 2 Gy 
due to acute non-stochastic effects. Probability values must 
be assigned to the disruptive events that are expected to cause 
significant exposures if they occur. Event-tree assessments 
will yield probability values P 1 i due to the various potential 
events. 

There is no inherent reason to limit the risk due to 
probabilistic events to the same level as that implied by the 
dose upper bound set for a particular source, specially if such 
an upper bound was established specifically for normal operations. 
Nevertheless, if it is assumed that the purpose is to restrict 
the risk to that order of magnitude, for members of the public 
it should correspond to annual values of 10- 6 to 10- 5

• For 
example, selecting an annual value of 10- 6

, the design of safety 
features should be such that 

-6 
~ Pti P2i ~ 10 
i 

Some countries use this type of probabilistic criterion for 
other applications, such as in nuclear safety assessments. The 
main use, however, is expected to be in the design of safety 
features involved in the use of large radiation sources. 
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CONCEPT AND VALIDATION STUDIES OF THE REAL-TIME REACTOR-ACCIDENT 
CONSEQUENCES ASSESSMENT MODEL "ECOSYS" 

Herwig G. Paretzke, Peter Jacob, Heinz MUller, Gerhard Prahl 
GSF - Inst. for Radiation Protection, D-8042 Neuherberg, P.R. Gennany 

ABSTRACT 

'Ihe Chernobyl accident has derronstrated the urgent need for canputer programs 
for real-time assessment of potential radiological consequences of major 
reactor accidents and for timely recommendations of useful and cost-efficient 
counterneasures. During the past decade the dynamic radioecological program 
"ECOSYS" has been developed by us for nuclear accident consequence assessment 
with high resolution in space, time and exposure pathways. 'Ihe Chernobyl 
reactor accident leading to relatively high contamination of Southern Gennany 
provided excellent conditions for realistic validation studies of concept, 
sub-models and parameters of ECOSYS. More than 10 000 low level and in-situ 
gamma spectroscopy measurements were performed to study the behaviour of 
radionuclides in food chains and in the urban environment and to canpare the 
results to theoretical predictions of ECOSYS. 'Ihe results show good agreement 
in the contamination levels of important food stuffs and in external exposure 
dose rates from a given surface contamination. Improvements were necessary in 
the assumptions regarding the food consumption habits - which changed 
considerably - and in the functions describing the weathering off from urban 
and plant surfaces. Some results of this validation study and the concept of 
the improved canputerized model, which is being converted into a real-time 
code, are discussed in this paper. 

IN'IRODUCTION 

For the last ten years we have been developing a detailed time-dependent 
radioecological model (ECOSYS) for the realistic assessment of present and the 
prediction of future exposures of members of the public after major accidental 
releases of radionuclides to the atmosphere from nuclear facilities. This model 
has been and is being used in generic probabilistic risk assessment studies for 
reprocessing plants, deep underground waste storage sites, and for nuclear 
power plants. The reactor accident of Chernobyl forced us to use this model for 
the first time in a given actual situation of large scale environmental 
contamination (initially around 0.5 MBq/m2 in Bavaria (1)) for dose assessment 
and analysis of the efficiency of mitigating counterneasures. On the other hand 
this situation gave us also the unique possibility to test the validity of the 
predictions of this model. J.Vbre than 10 000 laboratory and in situ gamma 
spectroscopy measurements have been performed since May 86 for this purpose. 
This paper reports some of our experiences made in this validation study and 
draws same conclusions as to the design of adequate real time reactor accident 
consequences assessment programs; further results can be found in ref. (2-8). 



THE ECOSYS MODEL 

ECOSYS is a time-dependent radioecological model for the prognostic 
assessment of radiation exposures of members of the public after accidental 
releases of radionuclides into the atmosphere. It takes into account external 
radiation from a passing cloud and from deposited radionuclides (including 
shielding by houses) and internal exposure from inhalation and ingestion. 'The 
food chain is modelled in great detail in temporal aspects (considering time in 
the year as well as time after the accident) and taking into consideration 
normal agricultural and food processing practices. 'The program does not account 
for atmospheric dispersion (i.e. input from atmospheric transport codes is 
needed) and for aquatic exposure pathways. 

EXTERNAL EXPOSURE 

From the specific activities of all deposited radionuclides a prognosis of 
the external gamma exposure of members of the public was made. To check its 
validity about 250 TI.D-doserreters were issued to members of the institute and 
their families. 'These detectors were either used as personal dosemeter or 
deposited at hane at and below the window (area dosemeters; to account for 
shielding). Although the results (9) have to be interpreted on an individual 
base, the rrean values agree remarkably well with the calculation assuming a 80 
percent stay in houses and a mean shielding factor of 10. 

It could be shown that at early times after aerosol deposition by heavy 
rainfalls initial run-off on paved areas leads to a gamma exposure reduction 
factor of about 0.7 as compared to grass land which in turn showed a shielding 
by a faktor of 0. 7 due to surface roughness and initial migration of the 
radionuclides in soil. Later occuring weathering off effects on these paved 
places, streets, etc. are efficient in removing e.g. Cesium much faster than 
the slow migration into deeper soil layers in grass land. 'Ihus we found dose 
rates above grass land to be by a factor of 4-5 higher than over paved areas 
one year after the sane initial deposition. Such differences I!Ulst be accounted 
for in assessments of external exposures. 

INTERNAL EXPOSURE 

'Ihe prognostic assessments made by ECOSYS for the nuclide specific 
concentrations as a function of time in various food products agreed very well 
with the rreasurerrents if the local deposition values were knawn (2). However, 
whole body counter measurerrents (4) indicated internal burdens of Cesium which 
were only one third of those predicted under the assumption of unchanged food 
consumption habits and of no influx of food from areas with less initial 
contamination. 'The actual extent of this factor and of changes in consumption 
habits are difficult to predict in a generic way. 

CONCLUSIONS 

In general the comparison of ECOSYS with experimental data showed very 
satisfying agreement. Therefore it can now be used as the basis of an early 
warning system in cases of elevated environmental radioactivity to optimize 
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counterrreasures and to assess potential radiation exposures with high 
resolution in space and time. It needs nuclide specific contamination data for 
air and rain as input data. Ccrnplicated and very time consuming surveillance 
neasuremets in agricultural products can then be restricted to the rrost 
relevant foodstuffs and locations. If relative radionuclide contaminations are 
known for same stations, simple gamma dose rate measurements and information on 
local precipitation at different stations can be used by ECOSYS to make 
reasonable estimates of local future radiation exposures on all relevant 
exposure pathways. 
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Introduction 

ADDCOR: An Atmospheric Dispersion and Dosimetry Code 
for Operators and Regulators of Nuclear Facilities 

M C E Petersen & G H Clark 
Environmental Science Division, 

Australian Nuclear Science and Technology Organisation 

A general purpose atmospheric transport, dispersion and dosimetry wde is described. The 
code is intended for use by operators or regulators charged with the evaluation of the impact on 
individuals of releases of radioactivity to the atmosphere. The code is especially applicable to 
the normal atmospheric releases from a nuclear establishment with a diverse and varying range 
of activities. The code provides a ready means for estimating the degree of compliance of 
radiation doses received by exposed workers and members of the public with the recommended 
dose limits of the International Commission on Radiological Protection (ICRP). Such 
applications of this and similar codes are essential where effective dose rates are low and where 
committed effective doses must be evaluated. The code can also be applied to certain 
accidental releases. The code has its origins in the desire by the Australian Nuclear Science 
and Technology Organisation (ANSTO), formerly the Australian Atomic Energy Commission, 
to have an up-dated means of monitoring compliance of airborne releases of radioactivity from 
the Lucas Heights Research Laboratories (LHRL) with Regulations(1959) made under the 
NSW Radioactive Substances Act(l957) and the current recommendations of the ICRP(1977). 

Sources. Pathways and Individual Exposures 

There are many potential pathways by which activity released into the atmosphere may give 
rise to doses to individuals. The importance of each pathway depends in part upon the nuclide 
involved. The Figure shows the major pathways included in the code by which releases of 
airborne radioactivity can lead to the exposure of individuals. Major emphasis in this code is 
given to the inhalation and external pathways. For normal releases of airborne activity from 
nuclear establishments the radioactive rare gases 41 A, 85Kr and 133Xe for example, are most 
important. Other less volatile airborne radioactivity usually has various forms and levels of 
filtration applied to reduce the releases to minimal levels. 

Features of the Code 

The properties of individual sources of airborne activity including location, the nuclides 
released, the release times with respect to both time of day, weekday or weekend and quarter 
(Jan-Mar etc), and the duration of each release are taken into account. These data may be either 
source monitoring data or other estimates. Present applications involve some 10 sources and 
30 nuclides. Both can be varied to suit a particular application. 

Meteorological data used in the code is expressed as an array giving the frequency of 
occurrence of winds in each of sixteen sectors centred on N, NNE, NE etc, five wind speed 
groups, 0-1, 1-2, 2-4, 4-8 and> 8 m s-1 and seven Pasquill-Gifford stability classes, A 
through G, for each of three source heights to fifty metres, for each hour of the day and for 
each quarter. 

The Gaussian atmospheric transport and dispersion model in sector averaged form is used 
to evaluate the airborne concentration of activity downwind from a source (Hanna et al , 1981 ). 
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The code presently uses the Briggs rural dispersion parameters (see Gifford, 1975). These 
data can be readily altered to suit other circumstances. The airborne concentration for all 
source-receptor pairs for each hour of the day and for each quarter is obtained by averaging 
over the appropriate components of the frequency distribution of the meteorological data. 

As shown schematically in the Figure, four contaminated media are considerd in the code 
which lead to five possible exposure modes. Data required for the different dose conversion 
factors are discussed below. Data for biophysical transport of activity from the activity 
deposited on the ground through the ingestion pathways uses dynamic rather than steady state 
data (ICRP 1979, IAEA 1982). 

The behaviour or habitat data for individuals at various receptor locations (ie locations 
where the dose to an individual is evaluated) is taken into account in two respects. First, the 
likely occupancy by the critical group at each location time is flagged to count or neglect a 
potential dose contribution. Occupancy at a given time has two dimensions, time of day 
exposure and weekday or weekend exposure. Second, the likely exposure pathways are also 
flagged for the critical group at each location. In both cases no contributions to individual 
doses are accumulated if the flags are zero. Examples are individuals exposed only during 
weekend recreational activities near a source; individuals exposed occupationally during the 
week; finally, members of the public at some distance from a source who may be chronically 
exposed with all pathways potentially operative. Some 40 locations where doses are evaluated 
are considered in present applications. These are at 1.6 and 4.8 km from the origin of 
coordinates centred on HIFAR, the 10 MW DIDO type research reactor at the LHRL. There is 
no great difficulty in varying this number. 

Three sources of dosimetry data have been incorporated into the present data base in the 
code. The data provide effective dose and committed effective dose conversion factors. The 
code output gives the sum of the effective dose and committed effective dose at each designated 
location. External doses arising from contaminated air (semi-infinite cloud approximation) use 
the Kocher(1983) data and subsequent refinements. External doses arising from contaminated 
ground due to deposition processes use the Jacob et al(1986) data. Internal doses due to 
inhalation and ingestion of radioactivity use ICRP(1982) data and the more detailed data of 
Killough and Eckerman(1983). Physiological data such as breathing rates have been obtained 
from the ICRP(1975) publication on Reference Man. Data are being assembled to modify the 
external airborne dose module in the code to account for finite cloud effects. 

The code has been written in double precision FORTRAN 77 and conforms as closely as 
possible to the ANSI standard so that it can be run on a variety of mainframe and 
mini-computers. The code has been structured to aid internal and external reviewing and 
includes extensive comments. The modular structure allows the alteration of various parts of 
the code without difficulty. A number of checks have been included to flag errors in input 
data when the code is being routinely used by operational staff. Typically with 10 sources, 30 
nuclides and some 40 receptor locations where doses are to be evaluated the code takes about 
20 minutes in batch mode on an IBM-4381 machine and uses some 6 megabytes of memory. 

Other features of the code worth noting are that 
• it provides operators and regulators with a tool with which to assess the impact of any 

new or altered operations; 
• it provides information on the various contributions to the effective dose to an individual 

such as the proportion from a given source or particular nuclide or both; and 
although it does not at present possess a module for the evaluation of collective doses, the 
structure of the code readily allows the inclusion of such a module. Such an addition is 
planned. 

Detailed reports on both the code and its applications in the context of authorised releases of 
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airborne radioactivity from the LHRL are in preparation. 

Summary and Conclusion 

A powerful general purpose multi-source, multi-nuclide and multi-receptor atmospheric 
transport, dispersion and dosimetry code with considerable time resolution has been developed 
for routine use by operators and regulators. The code has been structured to make adaptation 
to other situations relatively straightforward and to enable relatively simple checking of each 
module. 
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EXPERIENCE WITH A FIVE ELEMENT NEUTRON DOSIMETER 

A.S. Keverling Buisman 
Netherlands Energy Research Foundation (ECN) 

1. INTRODUCTION 

The Health Physics Department of the Netherlands Energy Research 
Foundation (ECN) operates a personnel dosimetry service, specialized in 
the measurement of beta and neutron radiation. The Department serves a 
wide variety of institutes and companies throughout the country, ranging 
from research establishments to construction and drilling companies. 

The number of neutron dosimeters issued each month is at present 750. 
An additional two hundred dosimeters are issued on a quarterly basis, 
mainly as accident dosimeters for power stations and fire brigades. 

2. CONSTRUCTION AND OPERATION 

The dosimeter is sensitive to beta, gamma and neutron radiation. 
The construction of the dosimeter is shown in figure 1. It contains four 
TLD-elements in a cassette (type Panasonic UD813). The cassette is placed 
in a barium-carbide holder, with appropriate windows for the use as an 
albedo dosimeter (manufactured by Wellhofer Kernphysik, W. Germany). 
In addition to the TLD-cassette a polycarbonate nuclear track etch detector 
is inserted as a fifth measuring device. This foil is read out only in case 
of a suspected significant dose equivalent due to fast neutrons, as 
indicated by the albedo detection system. 

All four TLD-elements are made of lithium-borate (Li 2 B,07 ), two 
enriched in 6 Li and 10 B, and two enriched in 7 Li and 11 B. The 6 Li 2

10 B4 07 

elements are extremely sensitive to thermal neutrons, due to the large 
(n,a) cross sections. 

The TLD-system measures the individual dose equivalents due to 
fotons (element 3) and beta rays (element 2- element 3). Neutrons are 
detected by elements 1 and 4. This last element gives the TL-signal caused 
by neutrons thermalized in the body of the person wearing the badge. The 
B,C-holder effectively shields the element from the thermal neutrons in the 
incident beam. This albedo signal is a measure of the individual neutron 
dose equivalent, provided additional information is available about the 
incident neutron spectrum. Part of this information is provided by the 
reading of element 1, which is proportional to the incident thermal neutron 
fluence. However, the relation between the albedo signal and the dose 
equivalent depends not only on the thermal component, but also on the type 
of neutron source. These relations are presented in figure 2. It is clear 
that the operation of this dosimetry system depends on the knowledge of the 
type of neutron source used by each of the monitored individuals. This type 
of information is therefore available in our fully automated dose 
calculation and registration system. 
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3. EXPERIENCE 

As may be readily seen in figure 2 the dosimetry around reactors is 
expected to proceed without problems. The sensitivity of the neutron 
signals is even better than for fotons. In practice, a detection limit of 
20 pSv is easily achievable, even in the presence of a tenfold more intense 
gamma-ray field. Experiments with dosimeters mounted on fantoms around the 
reactors have shown an excellent correspondence between remcounter readings 
and dosimetric data. The fraction of non-zero neutron doses varies between 
5 and 25% of the total number of dosimeters used around reactors. The 
values measured remain below 0.1 mSv/month, a small fraction of the total 
dose equivalent. 

Dosimetry around accelerators is less sensitive. As may be observed 
from figure 2 the response of the dosimeter to fast neutrons is often a 
factor of ten less than for fotons. However, the monitored individuals 
usually remain outside of shielding structures. The shielding 
significantly increases the relative contribution of thermal neutrons in 
the spectrum. This improves the sensitivity of the albedo dosimeter 
considerably with respect to the unshielded situation. In practice the 
dosimetry around fixed fast neutron sources hardly poses any problems. 
Measurable neutron dose equivalents are rarely encountered and center 
around the practical detection limit of 0.4 mSv/month. 

A different situation is encountered with portable (a,n) and fission 
neutron sources. Here the shielding is often minimal. The corresponding 
dose equivalent rates are also limited in value. This means that, in 
practice, significant dose equivalents are seldom encountered during normal 
operation. The dosimeter is therefore mainly worn for the registration of 
doses in unforeseen events. The vast majority of the results lies below the 
detection limit and is reported as a zero dose. This applies to both gamma
ray and neutron irradiation. 

In general, the albedo dosimeter serves its purpose very well. The 
registration of individual dose equivalents is as good as may be expected 
for a neutron dosimetry system, but certainly better than the film 
dosimeter. The new system has proved to be a major improvement, both from a 
dosimetric and from a administrative point of view. 
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F1gure i. Construction of the dosimeter 
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DOSIMETRIC QUANTITIES FOR 300 keV NEUTRONS 

Soo-Yong Lee 
Dept. of Physics, College of Science and Engineering 

Hanyang Univ. Ahnsan City, Kyunggido, Korea 

ABSTRACT 

Dosimetric quantities for 300 keV neutrons in thP- ICRO standard 
tissue sphere l'lere evaluated. 'l'he JVJonte Carlo code NE.lJEP which per
forms neutron-photon-charged particles ·coupled transport was used 
in the direct estimation of absorbed dose and dose equ1valent.Some 
important quantities calculated are as follows : 

Deep dose equivalent index Hr,d 1 1.78 x 10-11 Sy-cm2 

Shallow dose equivalent index Hr,s 1 2.08 x lo-ll Sv-om2 

Ambient dose equivalent H*(D.07) : 1.7 x 10-ll Sv-cm2 

Ambient dose equivalent H*(lO) : 1.78 x 10-ll Sy-cm2 

-* Effective quality factor Q (10) : 12.4 
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SAFETY ANALYSIS AND RISK ASSESSMENT FOR THE 
VITRIFICATION OF HIGH-LEVEL RADIOACTIVE WASTES 

Steven H. Brown 
Dames & Moore 

6459 West Quaker Road, Orchard Park, New York, 14127, USA 

ABSTRACT 

In 1980, the United States Congress authorized the U.S. Department of Energy 
(West Valley Demonstration Project Act; PL-96-368) to solidify 2.1 mfllion 
l itres of liquid high-level radioactive waste (HLW) currently stored at the 
Western New York Nuclear Service Center (approximately 50 miles south of 
Buffalo, New York) into a form suitable for transport to and disposal in a 
federal geologic repository. The method chosen to accomplish this task is 
vitrification in borosilicate glass. 

lhese wastes were produced during the period 196fi-1972 when facilities at the 
center were used for the only commercial nuclear fuel reprocessing plant to 
have operated in the U.S. These wastes contain approximately 30 million 
curie~ of mixed fission products and transuranic radionuclides and are 
preser1tly being stored in two underground tanks at the West Valley site. 

Tl1is paper presents a brief overview of waste treatment and vitrification 
JH'ocesses under development and construction at West Valley and the results 
of safety analysis/risk assessments that have been performed to estimate the 
radiological impacts to on-site and off-site individuals as a result of the 
waste tr·eatment and vitrification programs. Projections have been made 
regarding the radiological doses expected from normal opertions as well as a 
result of postulated, theoretical abnormal conditions and major accidents. 
The West Valley Safety Analysis and Environmental Impact Assessment program 
is performed in strict accordance with the requirements of the U.S. 
Oepartment of Energy and other federal agencies. 
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TWO IMPORTANT FACTORS INFLUENCING THYROID 
INTERNAL DOSE FOR RADIOIODINE 

Lei Kui, Zhang Zhonghou and Li Shijun 
Department of Radiological Medicine Suzhow Medical College 

Suzhow, Jiangsu Province PRC 

INTRODUCTION 

It is well known that physiological changes can cause gross variation 
in metabolism and considerable error can result if data for the standard man 
is used in dose calculation [1]. Although Reference Man and other similar 
model data are still used for dose calculation, it is of more interest to 
pay attention to non-standard physiological situations. One of the most 
representative cases involves 131 I. Previous workers [2-8] have indicated 
that thyroidal function is one of the most important factors that determines 
the thyroid dose due to the intake of radioiodine. Further observations are 
needed to determine its significance. The reported data has considered only 
thyroid uptakes of 5%, 15%, 25%. Additionally, since different 
physiological conditions are a factor evident in influencing the organ 
doses, it is of interest to enquire whether certain medicines which can 
affect the general metabolism of the thyroid gland could be used to reduce 
the internal dose received by the thyroid following the intake of 
radioiodine. In this paper, we consider two aspects. 

METHODOLOGY 

Women were selected from individuals who had received a thyroid iodine 
uptake examination. Their ages were limited to the range 25 to 35 years. 
Excluded from the observations were individuals who were identified as 
having a rich iodine diet, disease of internal organ of the body etc. 

Each subject drank a glass of water containing between 3.2 and 6.4 ~Ci 
of 131 I(Nai). The total urine output following administration was collected 
daily throughout a 15-day period. Urine sample was analysed immediately 
each day. First, stable iodine carrier was added and radioiodine 
concentrated by Agi- 131 I co-precipitation. The 131 1 gamma-ray counts were 
measured using a sodium iodide well counter connecting to a multichannel 
analyzer. The system calibration factor was determined using a standard of 
known activity. 

Radioactivity was monitored by orientated scintillation detectors, 
each with a crystal-to-skin distance of 24 ern and a collimator-to-skin 
distance of 8 em. One detector (3 in. diam x 1.5 in. deep crystal) was 
placed over the thyroid area (neck detector), another identical detector was 
centered over the left thigh at a point 10 ern proximal to the patella (thigh 
detector). Measurements by the two detectors were made at 4 and 24 hours 
following administration, and repeated at 24-hour intervals throughout the 
15-day period. The calibration factor was determined with a standard of 
known activity contained in a plexiglass neck phantom. Counts in the thigh 
detector were used to correct for neck background in thyroid counting. 

RESULTS AND DISCUSSION 

BIOLOGICAL MODEL 

According to the urinalysis, the total amount of radioiodine retained 
at the end of each day following administration of 131 I can be calculated if 
it is assumed that the removal of radioiodine occurred only by physical 
decay and excretion in urine. Application of linear regression and 
curve-stripping techniques showed that the retention of radioiodine can be 
described by a two-compartment model, given in equation (1) below, and in 
which parameter values for fast and slow components in the kinetic model can 
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be determined for each subject respectively 

(1) 

In this equation k is the fraction of 131 1 distributed in each compartment 
and b is the corresponding biological clearance rate for each compartment. 

INTERNAL RADIATION DOSE 

The internal radiation doses were estimated by the method presented by 
the MIRD Committee of Society of Nuclear Medicine [9] 

( 2) 

where D(T) is the mean absorbed dose in T, Ah is the cumulated activity in 
source region h, S(T~h) is the mean absorbed dose in target region T per 
unit cumulated activity in h. 

S(T+RB) cannot be obtained from MIRD Pamphlet No. 11 [10], S(T~RB) is 
calculated using the method presented by Coffey et al. [11]. Ah is 
estimated by 

Aok 
b + 1-r 

(3) 

where Ao is the administered activity of 131 I, is the physical decay 
constant of 131 I, b is the biological clearance rate. 

The thyroid internal dose factors for each subject were calculated. 
In most case, the thyroid internal dose factors were intimately related with 
thyroidal functions. However, the physical decay constant is much greater 
than the biological clearance rate of the slow component for 131 I. 
Consequently fluctuation in the effective clearance rate is insignificant 
even if the biological clearance rate varies. Hence the effect of the 
biological clearance rate on the thyroid radiation dose is far less than 
that due to the thyroid iodine uptake rate. For example, an increase in the 
biological half-life from 100 to 250 days [12], results in only a 5% rise in 
the thyroid dose; however, if the thyroid uptake rate increases by the same 
magnitude, then this causes about 250% rise in thyroid dose. From our 
experimental results, a linear correlation analysis was made relating the 
thyroidal functions and the thyroid internal dose factors for all subjects. 
The following regression equation has been obtained 

DThy = 2.75 + 15.2KThy (4) 

where the Dis in mGy/MBq (3.70 mrad/~Ci), K is the thyroid iodine uptake 
rate, the maximum thyroid iodine uptake rate is assumed to be 100%. 
Experimental results are shown in Fig. 1. 

EXAMINATION FREQUENCY, EFFECTIVE DOSE EQUIVALENT, COLLECTIVE EFFECTIVE DOSE 
EQUIVALENT 

Based on the maximum thyroid iodine uptake rates of those individuals 
who underwent a thyroid uptake examination, ten groups were distinguished. 
The variation among groups is 10%. Using formula (4), the mean absorbed 
dose per unit of administered activity D h , the mean effective dose 
~quivalent per examination HE (the administered 131 I activity per procedure 
lS assumed 148 KBq) and corresponding collective effective dose equivalent 
SE for each group were calculated. They are all shown in Table 1. Table 1 
also gives the distribution of examined individuals by the thyroid uptake 
rate values. 

From the 1986 census data of Suzhow City and its near suburb, the 
following results were derived: (a) the examination frequency of thyroid 
iodine uptake is 0.88 man per thousand population; (b) the annual per caput 
effective dose equivalent is 3.95 Sv. 
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ACCELERATING EFFECT OF MEDICINE 

It is well known that stable iodine is effective in blocking the 
uptake of radioiodine by the thyroid. However, stable iodine is of no use 
for the radioiodine already deposited in the thyroid. Therefore, we 
questioned whether certain medicines that can affect the biological 
metabolism of thyroid might accelerate the release of radioiodine from the 
thyroid. For this reason, four subjects took Methimazolum together with 
Thyroideum after 24-hours of administration. The Methimazolum dose was 
10 mg orally, three times daily and Thyroideum 40 mg orally. Both were 
given for 10 days. Monitoring methods were similar to those for 
non-accelerating subjects. Table 2 presents the mean biological half-lives 
and thyroid doses of the accelerating group and control group from two 
measurement techniques. 

From Table 2, we can see that taking Methimazolum together with 
Thyroideum can accelerate radioiodine release from the thyroid, increase the 
urine radioiodine output, and decrease the thyroid internal dose. 

It is of significance that the results calculated from urine and from 
the thyroid extracount show a marked difference for the accelerating group. 
The biological half-lives from urine output is about four times greater than 
that from the thyroid extracount. We are presently unable to explain this 
result. We suggest that the form of accelerated iodine from the thyroid may 
be organic, and its main removal path is not via the kidney. This needs to 
be investigated further. 

SUMMARY 

In summary, we have observed that: (1) the thyroid function should be 
taken into account in dose calculation for the intake of radioiodine; (2) 
the release rate for radioiodine deposjted in thyroid can be accelerated by 
taking certain medicines, such as Methimazolum together with Thyroideum. 
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0 
c.o 

NTUR, ";" 0-

Males 12 

Females 55 

Both 67 

D(Thy.) 0.078 
Gy/NBq 

HE, mSv 0.47 

SE, m.~n Sv 0.031 

Groups No. 

Accelerated 4 

Control 4 

TABLE 1 
THE DISTRIBUTIONS OF EXAMINED INDIVIDUALS, 

DThy' HE, SE BY THE THYROID UPTAKE RATE VALUES 

10- 20- 30- 40- 50- 60- 70-

20 50 53 38 28 24 23 

68 144 241 209 197 156 108 

88 194 294 247 225 180 132 

0.23 0.38 0.53 0.69 0.84 0.99 1.15 

1. 3 7 2.27 3.17 4.08 4.98 5.88 b. 78 

0.12 0.44 0.93 1.01 1.12 1.06 0.90 

MTUR: maximum thyroid uptake rate 

TABLE 2 
THE RESULTS OF ACCELERATING EFFECT CALCULATED FROM 

URINE OUTPUT AND THYROID EXTRACOUNT (MEAN + DEVIATION) 

80- 90- Total 

18 12 278 

108 83 1370 

126 95 1648 

1.30 1. 45 

7.69 8.59 

0.97 0.82 7.39 

From urine outeut From extracount 

MTUR Tb T!DF Tb TIDF 
fo days Gy/MBq days Gy/MBq 

0.91 ± 0.01 45.0 ± 10.4 1.15 ± 0.043 11.3 ± 5.5 0.83 ± 0.23 

0.89 ± 0.01 89.7 :t 4.9 1.36 :t 0.035 73.5 i 16.0 1.32 :t 0.030 

MTUR: maximum thyroid uptake rate 

Tb: the biological h,df-lile ot slow compon~nL 

TIDF: thyroid internal dose factors 
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UK STANDARDS FOR EXPOSURE TO RADON DAUGHTERS IN DWELLINGS 

GAM Webb and M C O'Riordan 
National Radiological Protection Board 

Chilton, Didcot, Oxon OXll ORQ 

INTRODUCTION 

The NRPB has a formal Direction from Health Ministers, given in 1977, 
which requires it to advise the appropriate Government departments and 
statutory bodies on the acceptability of the recommendations or proposals 
to, and on their application, in the United Kingdom, whenever Tr.RP Rnrl 
various other bodies publish those recommendations or proposals. The NRPB 
studied the matter of exposure to radon exposure in dwellings and issued 
formal advice on standards in January 1987 [1] together with a supporting 
document [2]. This paper describes the background to the advice and its 
implementation. 

LIMITATION SCHEMES 

In 1984, the International Commission on Radiological Protection (ICRP) 
published principles for limiting exposure of the public to natural sources 
of radiation which dealt, in the main, with indoor exposure to radon 
daughters [3]. ICRP drew a distinction between the control philosophies to 
be applied to existing and future dwellings and developed limitation 
criteria for radon daughters in both circumstances. For existing dwellings, 
where any action would have to be remedial, it suggested an Action Level 
which corresponds to an annual effective dose equivalent of 20 mSv 
(200 Bq m- 3 equilibrium equivalent radon concentration, EER). At this 
Action Level, simple action to reduce exposure might be considered: at a 
level several times higher, severe action might be appropriate. For future 
dwellings, which could be subject to control at the stages of decision and 
planning, it suggested an Upper Bound corresponding to an annual effective 
dose equivalent of 10 mSv. This value was determined mainly from a 
comparison of the related risk of lung cancer with other risks in the ~orne. 

Earlier in 1984, the Royal Commission on Environmental Pollution 
(RCEP), considered the quality of indoor air [4]. It recommended action in 
existing dwellings where the annual effective dose equivalent exceeded 
25 mSv and, although it discussed a lower value of 5 mSv for future 
dwellings, was content to await an assessment of the forthcoming ICRP 
recommendations. The views of both Commissions were therefore similar in 
concept although they differed slightly with regard to numerical values. In 
its response to the RCEP report, the Government indicated its intention to 
await the advice of NRPB before considering what measures might be taken. 

RADON RISKS 

From the risk factor of 1.65 10- 2 Sv- 1 for serious health effects 
underlying the present basic recommendations of ICRP, which derives from an 
absolute risk model, the lifetime risk of lung cancer from chronic exposure 
to radon daughters may be calculated: it is about 1% for 10 mSv per annum. 
At its meeting in Como in September 1987, however, ICRP addressed itself to 
the question of risk estimates [5] and concluded that the results of a 
definitive study of the new calculations of doses to the atom bomb 
survivors, coupled with the longer follow-up time, would raise the risk 
estimate approximately twofold. An ICRP report on lung cancer risk from 
radon daughters was also published in August 1987, in which a relative risk 
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model was adopted to extrapolate the epidemiological data for miners to the 
general population [6]. For a reference population defined by life 
expectancy and underlying frequency of lung cancer, a lifetime risk around 
1.3% was estimated for continuous exposure to 100 Bq m-

3 
EER or at 10 mSv 

per annum. For the population of the UK, the lifetime risk would be 
approximately doubled. These recent developments suggest therefore that the 
risk associated with indoor exposure to radon daughters may at least be 
twice that inferrable from the basic ICRP position a year or so previously. 

The potential significance for human health in the UK of various levels 
of continuous exposure to radon daughters can be assessed by comparisons 
wiLl. uL!.et cduses of premature death [2]. As with ICRP, such a comparison 
of risks weighed heavily in the NRPB consideration of this matter. 

NRPB RECOMMENDATIONS 

The essentials of the NRPB recommendations [1] are: 

"Action should be taken in some existing dwellings to reduce exposure to 
radon and measures introduced to limit exposure in future dwellings. The 
scheme suggested by ICRP is an appropriate basis on which to proceed. 
Taking into account factors such as the relative level of risk, the 
feasibility and costs of implementation, and the numbers of dwellings 
involved, the Board makes the following recommendations for the UK". 
"For existing dwellings, graduated measures related to effective dose 
equivalent are recommended above an Action Level of 20 mSv per annum. At 
this Action Level, simple action to reduce exposure to radon should be 
taken; at a level several times higher, severe action is likely to be 
necessary. Cognisance should also be taken of the magnitude of the annual 
dose, in particular cases, when deciding how soon action should be taken: 
the dwellings with the highest levels should be given priority." 
"For future dwellings, an Upper Bound of 5 mSv per annum is recommended as 
the basis for implementing changes to building procedures in areas of the 
country where high levels of radon are likely". 

The NRPB recommendations introduced a temporal condition not included 
in the ICRP recommendations [3], namely, that the magnitude of the annual 
dose should determine the urgency of the action to reduce it. This 
principle was recognised by the RCEP when recommending that priority be 
given to existing dwellings where levels were such as to cause anxiety [4]. 
It was also recognised, however, that the matter of primary concern is 
prolonged exposure over many years at high levels. Given the variety of 
domestic circumstances that were likely to obtain, it seemed unreasonable to 
put forward a firm formula, but guidance along the following lines was 
offered. For all doses above the Action Level, action should follow as soon 
as reasonably practicable, and for annual doses above about 50 mSv, this 
should be within a year or so. For annual doses from 20 mSv to 50 mSv, it 
would be desirable for action to have been completed within a few years. In 
each case, the interval would apply from the date of confirmation of high 
levels by appropriate measurements. 

NUMBERS OF DWELLINGS 

Members of NRPB staff had measured radon in 2300 dwellings chosen at 
random throughout the UK and supplemented these results with measurements of 
700 dwellings in areas with geological characteristics that were expected to 
cause high levels of radon indoors, mainly in southwest England [7]. The 
geometric mean value of the annual effective dose equivalent from radon 
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daughters in dwellings is about 0.7 mSv, but there is a considerable spread 
of results. Analysis of the results indicated that the approximate numbers 
of dwellings, out of a total stock of 21 million, in which the annual dose 
exceeds nominal values, increases very rapidly as the nominal value 
decreases. The areas of the country in which an appreciable number of 
dwellings occurs also increases rapidly with decreasing nominal value. 
There are also practical problems in identifying dwellings over nominal 
values: these increase steeply as the nominal value is decreased, mainly 
because the geographical areas cannot be clearly defined and the total 
number of dwellings that need to be surveyed to find dwellings over the 
nominal value becomes much greater. With the Action Level adopted, however, 
most of the 20 000 dwellings estim3ted to h3ve higher levels were likely to 
be found in southwest England, generally in and around granite areas, and it 
was judged that these areas should be given priority. 

The numbers of new dwellings built each year that might ordinarily 
exceed the Upper Bound of 5 mSv y- 1 were likely to be a few thousand. Most 
of these would again be found in the same areas of southwest England. The 
long-term rate of replacement of dwellings in the UK is about 200 000 per 
annum although this fluctuates markedly with economic conditions. 

In round terms, therefore, about 0.1% of existing dwellings were likely 
to be affected by the Action Level, whereas 1% of new construction would be 
affected by the Upper Bound. The geographical impact is fairly well 
circumscribed. 

REMEDIAL MEASURES 

The cause of high doses from radon daughters in dwellings is the high 
rate of entry of radon gas from the ground. Although increased ventilation 
can reduce radon concentrations, the most appropriate action is to decrease 
the transfer of radon to the living space either by making the floor more 
effective as a barrier or by diverting the gas from the underfloor space. 
Rough estimates indicated that costs in existing dwellings might range from 
£100 for a simple action such as sealing floor cracks, through £1000 for an 
intermediate action such as underfloor extraction, to £10 000 for a severe 
action such as floor replacement. It would therefore be possible to choose 
actions commensurate with doses. Appropriate techniques of construction 
could be adopted for future dwellings, without radical departure from 
present practices, so as to prevent high exposures of future occupants. 
Such changes might entail some, but not substantial, additional costs. 

GOVERNMENT ACTION 

The Government accepted the advice, and the Minister of State for the 
Environment made a statement on radon in the House of Commons and announced 
a programme of work to tackle the problem. There are two parts to the 
programme, identification of houses with radon concentrations above the 
Action Level and the development of remedial and preventive measures. 

The identification of houses above the Action Level is being tackled in 
three separate but interconnected ways: systematic surveys, for a full 
year, of all dwellings in the immediate neighbourhood of houses with the 
higher known radon concentrations; on-demand screening measurements, at 
government expense, in areas with the potential for high indoor radon 
levels; on-demand screening measurements, at householders' expense, in other 
areas. Surveys commenced in the summer of 1987, in southwest England, and 
early results support the estimates of the numbers of dwellings affected by 
the Action Level. 
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The Government is also funding a research programme to develop remedial 
and preventive measures. This will result in the provision of guidance 
notes for householders and builders on practical measures against radon. On 
the important question of costs, the Minister made the following comment 
"The responsibility for remedial measures in houses must rest with the house 
owner or the landlord in the case of both public and private rented 
accommodation. The Government are prepared to consider offering financial 
assistance towards the costs of remedial work to the most needy 
owner-occupiers". 

CONCLUSION 

It is now generally agreed that radon daughters are, on the average, 
the dominant cause of human exposure to ionising radiation: with thoron 
daughters, they contribute about 50% of the total. This circumstance is a 
fact of life, but the problem of excessive exposure to radon daughters in 
dwellings throughout the UK is being tackled in a sensible and measured 
manner. The extent of the problem has been defined, action levels have been 
set, surveys are in progress to identify particular houses at risk, and 
remedial and preventive measures are being developed. 
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INDOOR EXPOSURE TO NATURAL RADIATION IN DENMARK 

K. Ulbak and B. Stenum 
National Institute of Radiation Hygiene, 

F~ede~ikssundsvej 378, DK-2700 B~onshoj, Copenhagen, Denma~k 

A. S¢rensen, B. Majborn, L. B¢tter-Jensen, and S. P. Nielsen, 
Riso National Laboratory, DK-4000 Roskilde, Denmark 

INTRODUCTION 

A survey on natural radiation in a rep~esentative sample of 
Danish dwellings ( 1) was car~ied out by measuring the ~adon con
cent~ation and the absorbed dose rate in air from exte~nal radi
ation in about 500 dwellings. The householders of a total of 926 
dwellings were invited to participate in the survey by postal con
tact. The dwellings we~e selected randomly from a cent~al ~egiste~ 
of all Danish buildings. The measurements we~e ca~ried out with 
one half in the summe~ pe~iod f~om April to September 1985 and the 
other half in the winter period from Octobe~ 1985 to Ma~ch 1986. 
The radon concent~ation and the exte~nal ~adiation we~e measu~ed 
by passive closed dosemeters ( 2). The sensitive elements we~e nu
clear t~ack detecto~s ( Cr-39) fo~ the measurement of ~ad on and 
the~moluminescence detectors (LiF TLD-700) for the measurement of 
external ~adiation. In each dwelling the ~adon concent~ation was 
measu~ed in the living-~oom and in a bedroom. The exte~nal radia
tion was measu~ed only in the ltving-~oom. When returning the do
semete~s the occupants of the dwellings we~e asked to fill in a 
questionnaire giving information pe~tinent to the conditions that 
may influence the ~adon concent~ation in a dwelling: type and age 
of the dwelling, building mate~ials, ventilation conditions etc. 

RESULTS AND DISCUSSION 

Measurements of the ~adon concent~ation we~e obtained fo~ 496 
dwellings. The a~i thmetic mean values for different subg~oups of 
the measu~ed dwelling are shown in table 1. 

Table l. A~ithmetic mean values of the ~adon concen
t~ation for diffe~ent subg~oups of dwellings. 

Single-family houses Multi-family houses 
A~ithmetic mean Numbe~ of Arithmetic mean Number of 

Bg;m3 dwellings Bg/m3 dwellings 

Living-~oorn, summer 58 168 17 78 
Living-room, winter 93 180 24 70 

Bed~oom, summe~ 49 168 17 78 
Bedroom, winter 73 180 21 70 
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The arithmetic mean values of the radon concentration for 
the single-family houses are seen to be higher than the corre
sponding mean values for multi-family houses. This indicates that 
the subsoil is the main radon source for single-family houses. For 
the single-family houses the mean radon concentration is higher 
for the living-room than for the bedroom and higher during -the 
winter than during the summer. In multi-family houses all the mean 
values are close to 20 Bqjm3. For each dwelling an annual average 
radon concentration has been calculated by multiplying the mean 
value of the measured semi-annual radon concentration in the liv
ing-room and in the bedroom by a correction factor. The correction 
factor was estimated for different subgroups from the ar·lthmetic 
mean values for the summer and Hinter period. The d:istributions of 
these annual mean radon concentrations in single-family houses and 
in multi-family houses have been combined in figure 1. This distri
bution is expected to be representative of the annual mean radon 
concentration in Danish dwellings. The corresponding cumulative 
distribution is shown in figure 2. The mean value of the annual 
radon concentration was found to be 47 Bqjm3. The representative 
cumulative distribution shows that the annual average radon concen
tration exceeds 200 Bqjm3 in less than 2% of the Danish dwellings, 
and that the average radon concentration exceeds 800 Bqjm3 in only a 
very limited number of Danish dwellings. By weighting with the 
distribution of the Danish population (69% of the population are 
living in single-family houses and 31% in multi-family houses) the 
population-averaged radon concentration was found to be 53 Bq;m3. 

The most important parameter for the single-family houses 
was found to be the character of the subsoil under the house. 
Single-family houses placed on primarily moraine clay was found 
to have a significantlY- (P> 99%) higher mean radon concentration 
(geometric mean 68 Bq/m3) than houses placed on the other types of 
subsoil (geometric mean 39 Bqjm3). This is in good agreement with 
measurements of the radon emanation from samples of Danish soils 
(3). No significant differences were found between other types of 
subsoil, which generally may be characterized as "sand and gravel". 
The analysis further shows a significant difference within the 
moraine clay group between the results from the summer period 
(geometric mean 54 Bqjm3) and the winter period (geometric mean 85 
Bq/m3). No similar significant difference was found within the sand 
and gravel group. After the character of the subsoil, the analysis 
has shown that the type of foundation of the single-family houses is 
dominant. The highest mean radon concentration was found for 
houses without basement or with a basement under only a part of the 
house (geometric mean 65 Bqjm3). A lower mean radon concentration 
was found in houses with a crawl space (geometric mean 46 Bq/m3) 
and the lowest values were found in houses with a full basement 
(geometric mean 34 Bqjm3). These findings reflect different possi
bilities of entry of radon from the underlying soil through the 
different types of foundation into the living-rooms and bed
rooms. 

Measurements of the external radiation were obtained for 489 
dwellings. The results are normally distributed. The arithmetic 
mean values of the absorbed dose rates in air were found to be 83 
nGy /h and 90 nGy /h for single-family houses and multi-family hou
ses, respectively. The mean value was found to be higher in buil-
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dings constructed of clay bricks (single-family houses: 84 nGy/h, 
multi-family houses: 95 nGy/h) than in buildings constructed of 
concrete (single-family houses: 74 nGy/h, multi-family houses: 
76 nGy /h). This is in good agreement with earlier measurements 
of natural radloacti vi ty in Danish building materials ( 4). Fur
thermore the external radiation was found to be higher in buil
dings constructed before 1960 (single-family houses: 87 nGy/h, 
multi-family houses: 98 nGy /h) than in buildings constructed af
ter 1960 (single-family houses: 77 nGy/h, multi-family houses: 
77 nGy /h). This is due to a more frequent and more substantial 
use of clay bricks before 1960. 

DOSE TO THE DANISH POPULATION 

Assuming residence probabilities of 0.7, 0.2 and 0.1 for stay
ing indoors at home, indoors elsewhere and outdoors, respectively, 
and assuming the mean value of the annual radon concentration to be 
47 Bqjm3 indoors 'l.n~ 8 Bq/m3 outdoors, the total annual radon 
exposure in Bq · y /m , E, may be expressed as ( 5): E = 0. 7 · eRn + 
10, where CRn is the annual average radon concentration in the home. 
With an equilirium factor of 0.5 and a conversion factor to effec
tive dose equivalent of 0.076 mSv per Bq · y;m3 EER (6) the popula
tion averaged radon concentration of 53 Bq/m3 in Danish dwellings 
corresponds to a mean effective dose equivalent to the Danish 
population of l. 8 m.Sv in a year from radon daughters. The mean 
effective dose equivalent to the Danish population from terrestrial 
gamma rays has been calculated to be 0.32 mSv in a year. A contri
bution of 31 nGy/h from cosmic radiation has been subtracted from 
the mean absorbed dose rate in air indoors in Denmark of 85 nGy/h 
to give a mean indoor' gamma ray dose rate of 54 nGy /h. The mean 
outdoor gamma ray dose rate in Denmark is 35 nGy/h (7). 
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ACTIVITIES OF THE INTERNATIONAL NON-IONIZING RADIATION 
COMMITTEE OF IRPA 

H.P. JAMMET, IRPA/INIRC Chairman 
A.S. DUCHENE, IRPA/INIRC Scientific Secretary 

Commissariat a 1 'Energie Atomique, IPSN/DPS 
B.P. no6 - 92265 Fontenay aux Roses cedex, France 

It is now about 10 years ago that, during the 4ch Interna
tional Congress of IRPA in Paris, in 1977, the IRPA Executive 
Council and General Assembly amended the Constitution of IRPA 
to include non-ionizing radiation into its scope of activities 
and set up the International Non-Ionizing Radiation Committee 
(INIRC) to deal specifically with the different aspects of pro
tection against non-ionizing electromagnetic radiation and ul
trasonic waves. 

To a c h i eve i n a rat i on a 1 way the task s that the I R P A had 
imparted to it, the Committee agreed that the different types 
of NIR would be dealt with successively, each according to the 
following sheme 

1) compile all available background information and deter
mine the basic health criteria for the relevant NIR. 

2) develop guidelines on appropriate limits of exposure 
for workers and the general public. 

3) provide guidance on the practical measures to be taken 
for the safe use of the various NIR. 

During the ten years which have elapsed since INIRC was 
created, its members devoted their efforts to carrying out this 
programme and at the present time about 15 reports have been 
produced by IRPA/INIRC either alone or in cooperation with 
other international organizations. 

BASIC HEALTH CRITERIA 

To assess the health risk associated with any noxious 
agent, it is first necessary to analyze all available data re
lating to its biological effects, the sources in use, the re
sulting levels of exposure and the people at risk. The collec
tion of the necessary background data requires the contribution 
of a number of experts, institutions and countries. Although 
on an incomparably smaller scale, this task is in some way si
milar to that achieved by UNSCEAR in the field of ionizing ra
diation. 

Therefore, the IRPA, the World Health Organization (WHO) 
and the United Nations Environment Programme (UNEP) agreed that 
the IRPA/INIRC and the WHO/Environmental Health Division would 
cooperate in the development of Environmental Health Criteria 
documents relating to the different NIR within the frame of the 
Environmental Health Criteria programme for chemical and physi
cal noxious agents which was carried out by the WHO with the 
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financial support of the UNEP. The purpose of these documents 
is to provide information for health authorities and regulatory 
agencies on the possible effects of exposure to the relevant 
NIR on human health and to give guidance on the assessment of 
risks from occupational and general population exposure. 

The first four UNEP/WHO/IRPA documents - E.H.C. 14 for 
Ultraviolet Radiation (1979), E.H.C. 16 for Radiofrequency and 
Microwaves (1981), E.H.C. 22 for Ultrasound (1982) and 
E.H.C. 23 for Lasers and Optical Radiation (1982) - are already 
well known, and I shall therefore only present briefly the two 
last ones which were published respectively in 1984 and 1987. 

E.H.C. 35 for Extremely Low Frequency Fields (1984) is 
mainly concerned w1th the effects of ELF electr1c f1elds at the 
power frequencies of 50 and 60 hertz. Some of the main conclu
sions drawn by the Task Group after a careful review of labora
tory studies and observations made on human subjects are 
that 

- adverse human health effects from exposure to ELF elec
tric fields, normally encountered in the environment or the 
workplace, have not been established ; 

- whilst it would be prudent in the present state of 
scientific knowledge not to make unqualified statements about 
the safety of intermittent exposure to electric fields, there 
is no need to limit access to regions where the field strength 
is below about 10 kV/m. Even at this field strength, some indi
viduals may experience uncomfortable secondary physical pheno
mena such as spark discharge, shocks, or stimulation of the 
tactile sense; 

- it is not possible from present knowledge to make a de
finitive statement about the safety or hazard associated with 
long-term exposure to sinusoidal electric fields, in the range 
of 1-10 kV/m. In the absence of specific evidence of parti
cular risk or disease syndromes associated with such exposures, 
and in view of experimental findings on the biological effects 
of exposure, it would be prudent to limit exposure, parti
cularly for members of the general populations. 

The last document, E.H.C. 69 for Magnetic Fields (1987) 
includes a detailed review of the data on b1olog1cal effects of 
static and time varying magnetic fields at extremely low fre
quencies. 

For static fields, available knowledge indicates the ab
sence of any adverse effects on human health due to exposure to 
fields up to 2 teslas.Time-varying magnetic fields generate in
ternal electric currents which may perturb biological func
tions. Levels of induced current densities (and correlated ma
gnetic flux densities) are given for which biological effects 
ranging from minor to hazardous have been reported. 
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Several recent epidemiological reports present preliminary 
data suggesting an association of an increase in cancer inci
dence, with exposure to very weak 50 or 60 Hz magnetic fields. 
The preliminary nature of the epidemiological evidence, and the 
relatively small increment in reported incidence, suggest that, 
although these epidemiological data cannot be dismissed, there 
must be considerable further study before they can be accep
ted. 

Besides the INIRC cosponsored several International Sympo
sia on the biological effects of electromagnetic waves with the 
Union Radioscientifique Internationale and the Bioelectroma
gnetics Society or of ultraviolet radiation with the Commission 
of the European Communities and the Radiation Protection Socie
ty of the Netherlands. 

GUIDELINES ON EXPOSURE LIMITS 

The recommendation of appropriate exposure limits for wor
kers and for the general public is the chief objective that has 
been assigned to the Committee by the Executive Council and the 
General Assembly of IRPA. The IRPA/INIRC guidelines on limits 
of exposure to the different NIR are established on the basis 
of the scientific data collected for the relevant environmental 
health criteria and on any later published research data. The 
purpose of the guidelines is to deal with the basic principles 
of protection against the relevant NIR, so that they may serve 
as guidance to the various international and national bodies or 
individual experts who are responsible for the development of 
regulations, recommendations or codes of practice to protect 
the workers and the general public. All guidelines are pu
blished in Health Physics. 

The first IRPA/INIRC Interim guidelines on limits of expo
sure to airborne ultrasound and to rad1ofrequency electroma
gnetlc f1elds were publ1shed 1n 1984 (Health Phys1cs, 46, 969-
974 and 975-984). These represent the first attempt maae at an 
international level to achieve harmonization of the exposure 
standards used for NIR in the different countries. 

This topic was especially controversial in the case of 
radiofrequency radiation where the Committee had to reconcile 
very different scientific opinions and to reach consensus on 
exposure limits at a time when the values recommended in va
rious countries varied over a range from 10 to 10,000 micro
watts per square centimetre. Today, I think we can say that 
this objective has been achieved and the IRPA guidelines are 
recognized in many countries as a highly valuable reference in 
radiofrequency radiation protection. However, since 1984, si 
gnificant new data were obtained concerning the interaction of 
radiofrequency fields and living systems. Therefore, some 
amendments were needed and a revised version has been published 
in the January 1988 issue of Health Physics . In particular, 
the o c cup at i on a 1 basi c 1 i m i t s for part i a 1 -body energy a b so r
ption were amended on account of new dosimetric data showing 
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that the spec i f i c a b so r p t i on rate i n v a r i o u s body organs i s 
much more heterogeneous than previously assumed. Except for 
p u 1 sed f i e 1 d s , de r i v e d 1 i m i t s were on 1 y s 1 i g h t 1 y modi f i e d , and 
some practical rules intended to facilitate the application of 
the guidelines were added. 

Guidelines on limits of exposure to ultraviolet radiation 
and to lasers were publlshed 1n 1985 (Health Phys1cs, 49, 2, 
331-340 and 341-359). In the f1eld of optical radiation-;- be
cause of better agreement on the basic health criteria, there 
were only minor differences in the fe•11 national' standards al
ready i n u s e . The 1 a s e r exposure 1 i m i t s are com p 1 ex fun c t i on s 
of wavelength, exposure duration and viewing conditions. Re
cently, the INIRC drafted some amendments to the laser guide
lines, which simplify and clarify the rules for determining the 
applicable exposure duration and the additivity of repetitive 
pulses (Health Physics, 1988, in press). Several areas of con
cern still exist regarding exposure limits for ultrashort 
pulses and for long-term chronic or repeated exposures. It is 
also intended to update the guidelines for ultraviolet radia
tion taking into account new data on the relative spectral ef
fectiveness in the UV-A region (315 to 400 mm). 

These different guidelines together with a Review of con
cepts, quantities, units and terminology for NIR protect1on 
(Health Phys1cs, 1985, 49, 1329-1362) w1ll be ava1 ]able soon 1n 
the form of a single boOT. 

Furthermore the Committee has made a Statement on the al
leged radiation risks from visual display units (Health Phy
sics, in press) and is completing Guidelines on limits of expo
sure to 50/60 Hz electric and magnetic fields as well as for 
the assessment of safety of patients during magnetic resonance 
diagnostic examinations. 

GUIDANCE FOR SAFE OCCUPATIONAL PRACTICE 

Concerning operational protection and the application of 
the guidelines in occupational practice the IRPA/INIRC collabo
rates with the International Labour Organization. Two reports 
on NIR have been issued up to now as part of the International 
Programme for the Improvement of Working Conditions and Envi
ronment (PIACT). Occupational hazards from non-ionising elec
tromagnetic radiabon, occupat1onal Safety and Health Senes 
n°53, !Co 1985, and Protection of workers against radio-fre
quency and microwave radiation : a technical review, o.s.H.S. 
no57, ILO 1986. 

F i n a 1 1 y , i n t h e n a me o f t h e I N I R C , I w a n t to e x p r e s s my 
most sincere thanks to all Committee members for the work they 
achieved during these 10 years, to the IRPA Executive Council 
for its continuous support, to the World Health Organization, 
the International Labour Office and the Commission of the Euro
pean Communities for their cooperation and financial support. 
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EFFECTS OF 2450 MHZ MICROWAVE RADIATION ON MEIOSIS 
AND REPRODUCTION IN MALE MICE. 

E.Manikowska-Czerska*, P.Czerski**, and W.M.Leach**, 
* Electrical Engineering Department, University of Maryland, 
** CDRH/ Food and Drug Administration, Rockville , MD, USA. 

We reported previously that repetitive exposures of male 
mice over 12 days, i.e. the duration of the first meiotic 
prophase (P I) of the spermatocyte I stage of spermatogenesis, to 
pulsed 9.4 GHz (Manikowska et al. ,1979) or continous 2450 MHz 
(Manikowska-Czerska et al., 1985) microwaves induces chromosomal 
aberrations, primarily multivalent configurations, in germ cells. 
The experiments described below were designed to examine effects 
of exposure over consecutive stages of P I, and to ascertain 
whether the induced aberrations may be transmitted to the 
offspring, and affect their development. The results indicate 
that aberrations may be induced by exposures over the duration of 
initial prophase and early pachytene, and only to a limited 
extent after exposure over later stages of P I. An increase in 
fetal postimplantation loss and live balanced translocation 
carriers were observed among the litters sired by exposed males. 

MATERIAL AND METHODS. 

Adult male ICR mice were exposed 30 min. daily to continous 
2450 MHz microwaves in an environmentally controlled waveguide 
system (Ho et al.,1973). Whole body average specific absorption 
rate (WBA-SAR) was determined from measurements of forward, 
reflected, and transmitted power. The animals were immobilized 
in polyethylene containers, and exposed tail to head to 0 (sham), 
1 and 10 Wjkg WBA-SAR, resulting in a local SAR to the testes 
about 2 - 2.5 times higher than the WBA. Increases in colonic 
temperature after exposure did not exceed 0. 5°C. In the 1st 
series of experiments the spermatogenic cell population was 
synchronized by prior administration of hydroxyurea and Trenimon 
(Oud et al., 1979) • The animals were exposed for 3 consecutive 
days timed so, as to expose spermatocytes I over initial 
prophase, early pachytene, mid- and late pachytene, or diplotene 
of P I. The animals were sacrificed when the cells reached the 
metaphase of the first meiotic division (M I), i.e. 10, 7, 4 or 1 
day after termination of exposures. Chromosome preparations from 
testes were made as described previously (Manikowska-Czerska et 
al., 1985), and M I plates were examined for aberrations. 

In the 2nd and 3 rd series mice were exposed for 2 weeks, 
six days a week, 10 animals per exposure level, a total of 60. A 
heritable translocations test (HTT) was performed on animals of 
the 2nd series (Manikowska-Czerska et al., 1984). The males were 
mated with unexposed females during the 4th and sth weeks after 
termination of exposure, i.e. at the time cells exposed during PI 
reached the ejaculate (Oakberg, 1956). Their male offspring was 
kept until sexual maturation and caged for a week with 2 
unexposed females. Males which produced normal size litters were 
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rejected, the rema1n1ng ones were again caged with another pair 
of unexposed females, the selection procedure was repeated, and 
the males were mated once more. Males selected after the second 
mating, were mated again. Males which proved sterile or produced 
litters of reduced size over 3 consecutive matings were sacrifi
ced, and their testes were examined for chromosomal aberrations. 
A dominant lethal test (DLT) was performed on animals of the 3rd 
series (Czerski et al., 1985). After termination of exposure the 
males were caged with successive pairs of unexposed females for 
consecutive 3-day periods over 9 weeks. Pregnant females were 
dissected the 14±1 day of gestation and the numbers of total, 
live, and dead implants, and of resorptions were determined. The 
significance of data was examined using multivariate analysis of 
variance techniques and Duncan's multiple range test by Dr 
P.M.Silverman of CDRH/FDA. 

RESULTS AND DISCUSSION. 

In the first series of experiments at least 20 M I plates 
were analysed per animal. No chromosomal aberrations were seen 
in 16 sham exposed males,i.e. in a total of 328 M I plates. 
After exposure at 1 Wjkg aberrations (multivalent configurations) 
were seen in 7 out of 8 males, 4 exposed during initial prophase 
(leptotene/zygotene) and 4 exposed during early pachytene. 8 M I 
plates out of 168 were abnormal. In 8 animals exposed during 
later stages (4 at mid- and late pachytene, and 4 at diplotene) 
no aberrations were seen in a total of 185 M I plates. Following 
exposures at 10 W/kg during initial prophase and early pachytene 
aberrations were seen in 7 out of 8 males, i.e. in 11 out of 178 
M I plates. After exposure during mid- and late pachytene multi
valent configurations were seen in 1 male out of 4 ( 1 M I plate 
out of 94) . A similar result was obtained following exposure 
during diplotene: multivalent configurations were seen in 1 male 
out of 4, i.e. in 1 M I plate out of 96. At this level of 
exposure aberrations were seen in 9 out of 16 animals, i.e. in 13 
plates out of 368. The small number of animals precludes a 
meaningful statistical analysis, and the test should be evaluated 
as a qualitative one. In these terms, it seems that early 
prophase, and mid- and late pachytene are more susceptible to 
induction of chromosome abnormalities by microwave exposure, than 
are later P I stages. 

In the second series (HTT) 10 sham exposed males sired 174 
F1 males, 4 of these were selected for cytological examination of 
testes based on the outcome of 3 matings. No chromosomal 
abnormalities were found. 10 males exposed at 1 W/kg sired 148 
F1 males, 7 of these were selected for cytological examination, 
and no aberrations were detected. 10 animals exposed at 10 W/kg 
sired 119 males, 5 translocation carriers were observed among 11 
F1 males selected because of sterility or semisterility. This 
result indicates that translocations induced by exposure can be 
recovered from offspring of irradiated males. Translocations 
carriers occurr among laboratory mice naturally, Leonard (1972) 
reports their incidence as 2.3 to 9.1 per 10 000 animals. 
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In the third series the overall pregnancy rate was about 
60%. No significant differences between the sham exposed and 
microwave exposed ~cups were seen in DLT results following 
matings during the 1st, 3rd, 6th, and 8th weeks after termination 
of exposures. The test was not carried out during the 7th week. 
The results obtained following matings during the remaining weeks 
are shown in the table below: 

Males 
exposed 
at (W/kg) 

0 
1 

10 

0 
1 

10 

0 
1 

10 

0 
1 

10 

Week 

2 
2 
2 

4 
4 
4 

5 
5 
5 

9 
9 
9 

~ litters Total implants* 

29 14.8+0.40 
30 13. o.±o. 6ix. 
41 12.5±0.57}{ 

38 13.7±0.52 
41 13.3±0.48 
39 12.2±0.83 

37 15.1±0.51 
34 13.4±0.42x 
39 14.9±0.40 

36 15.1±0.47 
38 15.1±0.43 
34 14.1±0.52 

Fractional 
postimplan
tation loss* 

0.09±0.017 
0.14±0.038 
0.12±0.024 

0.06+0.013 
0.17+0.022x 
O.l9_±0.032x 

0.05+0.009 
o.15+o.026x 
o.n.±o.Ol8x 

0.07±0.012 
0.11+0.015 
O.l4_±0.037x 

* mean ± standard error, x difference significant at 0. 05 
level when compared with the sham (0 Wjkg) . 

The preimplantation loss (decrease in total implants) noted 
the 2nd week indicates that late spermatid stages were affected. 
The increase in postimplantation loss observed the 4th and 5th 
week indicates effects on P I, and thus is in agreement with the 
results obtained in series 1 and 2, and in previous experiments 
(Manikowska et al., 1979, Manikowska-Czerska et al., 1985). 
There is no obvious dose-dependence of the effects. The 9th week, 
however, an increase in postimplantation loss was seen only after 
exposure to the higher SAR. 

Only a few reports on effects of microwaves on male meiosis 
are available. Goud et al. (1982) exposed Swiss albino to 170 
mW/cm2 for 70 seconds and found effects on sperm morphology, and 
an increased postimplantation loss during 3 weeks after exposure. 
These results are in agreement with our observations. However, 
Beechey et al.(1986) attempted to verify the results reported by 
us earlier (Manikowska-Czerska et al., 1985) exposing male hybrid 
C3H/HeH mice to 2450 MHz radiation amplitude modulated at 100 Hz 
in an anechoic chamber using the same exposure regime WBA-SARs as 
in our experiments. The mice were restrained, and could not 
change their position. The authors did not indicate, however, 
whether the animals were exposed head to tail or tail to head 
which significantly affects the dose to the testes, the 
difference between those two positions being about a factor of 4 
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to 5 in local SAR. Chromosomal aberrations consisting in 
exchanges and presence of fragments were more frequent in the 
group exposed at the highest level ( 20 W/kg) when in other 
groups and shams combined, but did not exceed the incidence in 
shams alone. Thus Beechey et al. (1986) did not confirm our 
findings. Apart from a difference in exposure conditions (100 Hz 
amplitude modulation), a different strain of mice was used. It 
is well known (Lovell et al., 1987) that various mouse strains 
respond differently to chemical germ cells mutagens, and this may 
also be the case with effects of microwaves. Kowalczuk et al. 
(1983) and Saunders et al.(1983) exposed rear halves of male C3H 
mice for 30 minutes to 42-44 Wjkg 2450 MHz and found later sperm 
morphology alterations. The DLT revealed a significant increase 
in preimplantation loss during weeks 2, 3, 5, 6, and 8 post 
exposure, the pregnancy rate was reduced to 10-13% of control 
values during weeks 4 and 5. Postimplantation loss did not 
increase. However it was reduced during weeks 4 and 5, possibly 
indicating that aberrations induced were so severe as to lead to 
early embryonal death. 

In conclusion, it seems that single high level or repeated 
2450 MHz exposure may induce chromosomal aberrations in male germ 
cells, spermatocyte I (early prophase I) and late postmeiotic 
cells being the most sensitive stages. More dosimetric studies 
and exploration strain and species specific differences in 
reponses are needed, before any extrapolations are made, and con
clusions about the relevance of these findings to the human situ
atiuon are drawn (see Czerski and Davis, 1987). 
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COLLECTIVE DOSES IN SVEDEN AFTER THE CHERNOBYL ACCIDENT 
CALCULATION FOR INHALATION AND EXTERNAL IRRADIATION 

R. Finck, K. Edvarson, B. Bjurman, 1-E. De Geer, I. Vintersved 
National Defence Research Institute, P.O. Box 27322, S-102 54 Stockholm 

Introduction 

The Chernobyl fallout over Sweden was essentially deposited between the 28 
and 30 of April 1986. The radioactive material was dryly deposited with a rather 
even spatial distribution in most parts of the cunlry, but in the eastern and 
middle-northern part of Sweden the plume was washed out by rain during the 29 of 
April. This caused a quite high and uneven distribution. A second rainfall 
caused a lower increase along the southwest coast of Sweden on the 8 and 9 of 
May. A large number of cloud and ground radiation measurements were performed 
during the first two months after the accident. These measurements have been 
used to calculate the collective dose from inhalation and external radiation 
to the Swedish population. Here a short review of the measurements and cal
culational methods is given as well as an estimated sum of the collective 
effective dose equivalent. 

Measurements of ground deposition 

The cesium deposition has been mapped by aerial sodium-iodide spectrometric 
measurements by the Swedish Geological Co (Lind~n and Mellander, 1986). Measure
ment heights were 60 or 150 m and the distances between flight lines were 2, 4, 
10 and 50 km, depending on deposition density and variation. A deposition map 
for Cs-137 constructed from measurement data is given in fig 2. For the dose 
calculations, Cs-134 rather than Cs-137 is chosen as a reference nuclide in the 
aerial measurements, because it has a gamma energy which does not interfere too 
much with the gamma lines from natural nuclides or with the activity of old 
Cs-137 from nuclear fallout. The activity ratio of Cs-134 to Cs-137 was 
initially 0. 6 1, so the Cs-13 7 deposit ion could be calculated from the 
measured Cs-134 values. 

In situ high resolution gamma spectrometric measuremetswere performed 
1 m above ground at about 50 locations by the National Defence Research Institute. 
These measurement were used to gain information on the nuclide composition in 
different regions and as a base for calibration of the aerial measurements. The 
individual activities and dose rates for the deposited nuclides Zr-95, Nb-95, 
Mo-99, Ru-103, Ru-106, Ag-110m, Sb-125, Te-129m, I-131, Te-132, I-133, Cs-134, 
Cs-136, Cs-137, Ba-140, Ce-141, Ce-144, Nd-147 and Np-239 were calculated. From 
these individual dose rate values, the tatio of total dose from all nuclides to 
the activity of Cs-134 was calculated for all measurement points. The ratio 
varies between 0.095- 0.3 mSv per kBq/m 2 of Cs-134 for the first year, depending 
on geographical location and wet or dry deposition. 

Measurements of air concentrations 

The concentration of radionuclides in ground level air was measured at seven 
air filter stations by the National Defence Research Institute. These stations, 
Kiruna, Umea, Ostersund, Stockholm, Grindsjon (near Stockholm), Goteborg, and 
Ljungbyhed (near Malmo) are in co~tinuous use for monitoring particulate air 
radionuclide concentration. Inhalation and external cloud doses for different 
regions were calculated from measured values. Gaseous components, such as gaseous 
iodine and noble gases could not be measured this way, since they penatrate the 
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air filter. For gaseous iodine, a correction factor of 5 has been applied in 
the dose calculation in order to include this component. This factor is based on 
measurements performed at one of the Swedish nuclear power stations. (Inge
mansson, 1986). Noble gases and pure alfa- or beta emitters, such as Xe-133, 
Pu-239, and Sr-90 are not included. 

Calculational metods 

The effective dose equivalent from inhalation was calculated from the time 
integrated air concentrations using dose conversion factors from ICRP 30. These 
are valid for inhalation of 1 ~m amad aerosol by adults. The collective dose for 
each of the 24 different counties of Sweden was calculated by selecting the dose 
equivalent for the nearest air filter station and multiplying by the population 
number. 

Dose conversion factors for calculation of external cloud and ground 
effective dose were taken from Kocher, 1983. Kocher gives values which do not 
include daughters, but these have been added separately when the dose contri
bution from the daughter was larger than 1 %. 

For calculation of collective dose from ground, the different deposition 
values from the aerial measurements of ~s-134 were used as main reference. For 
all counties, the number of people living within different deposition intervals 
were counted. The intervals used were 0-0.5, 0.5-1, 1-2, 2-5, 5-10, 10-15, 
15-20, 20-25, 25-30, 30-35, 35-40, 40-45, 45-50, 50-55, and 55-60 kBq/m 2

• Since 
the depth distribution in the soil is unknown, the deposition values are given 
as equivalent surface deposition density, which means that the numerical values 
correspond to the values which are obtained by using a calibration factor for an 
infinite plane surface area without any depth penetration. Since the cesium 
actually has penetrated into the ground, the real deposition values are higher. 
How much higher the values actually are, depend on soil type and the extent of 
agriculture cultivation. Analysis of depth distributions from a few samples 
taken in the wet deposition area indicate that the relaxation length for 
undisturbed soils is somewhat less than 1 em. A value of 1 em is used for all 
counties in the present work. 

Other nuclides than cesium, have been taken into account, by using the in 
situ measurements of total effective dose to cesium deposition ratio for 
representative parts of all counties. The collective dose from ground within a 
county can then be calculated by the expression: 

C=\-f ·f ·g N·(D /A )·(A +A )/2 
~ shield SilO\\' dl'pth i tnt a I C, L\4 i + i,Cs, 134 i,Cs, 134 
1 

where N_ is the number of people living within a Cs-134 deposition interval, 
I 

A_ is the lower limit of the interv~l, 
1.Cs, 134 

D /A is the ratio of total dose to deposition of Cs-134, 
total 134 

f is the time and population averaged shielding factor for dwellings 
shield 

f is the time averaged shieldi11g fact o1· for snow cover, and 
SlllW. 

g is a correction factor for pentration into the ground. 
depth 

The values for individual counties are added to obtain the collective dose 
for total Sweden. Separate calculations are made for the first year, where the 
depth penetration is assumed to be exponentially distributed whith a mean 
relaxation length of 1 em and for the following years where the relaxation 
length is assumed to be 3 em according to the proposal of UNSCEAR, 1982. 
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Table 1 
Collective effective dose equivalent in Sweden 

from inhalation, cloud and external ground irradiation 

Calculated collective dose values are based on measurements of gamma 
emitting nuclides at six air filter stations, in situ high resolution 
gamma-spectrometric measurements and aerial sodium iodide spectrometry. 
The ground activity is assumed to follow an exponential depth distri
bution with a relaxation length of 1 em during the first year (0-1 a) 
and 3 em during the following 49 years (1-50 a). Time and population 
averaged shielding factors for buildings and snow cover are applied. 

County Population Collective dose equivalent 
---------------------------------
Inhalation Ground Ground Total 
and cloud 0-1 a 1-50 a 0-50 a 

manSv manSv manSv manSv 
-------------------------------------------

AB Stockholm 1562490. 25. 83.3 156. 264. 
c Uppsala 250762. 4.01 86.8 520. 610. 
D Soderman land 250515. 4.01 25.6 153. 183. 
E Ostergotland 392887. 6.29 16.8 95.1 118. 
F Jonkoping 300924. 4.81 8.59 33.6 47. 
G Kronoberg 174265. 2.79 2.49 9.74 15. 
H Kalmar 239380. 3.82 11. 43.4 58.2 
I Gotland 56203. 0.899 7.51 20. 28.4 
K Blekinge 151562. 2.42 1. 96 8.96 13.3 
L Kristianstad 280330. 2.02 4.78 16.6 23.4 
M Malmohus 747140. 5.39 10.8 47.5 63.7 
N Halland 238347. 0.81 2.94 14.6 18.4 
0 Goteborg-Bohus 712078. 2.42 26.4 131. 160. 
p Alvsborg 426325. 1.45 15.9 71. 88.4 
R Skaraborg 270382. 0.919 3. 72 16.6 21.2 
s Varmland 280499. 0.954 17. 43.4 61.3 
T Orebro 270961. 4.34 21.8 85.2 111. 
u Vastmanland 254691. 4.07 54.2 363. 422. 
lJ Kopparberg 285113. 4.56 18.1 74.4 97.1 
X Gavleborg 289217. 4.63 126. 747. 877. 
y Vas ternorr land 262072. 1.08 144. 958. 1100. 
z Jamtland 134731. 0.556 30.3 123. 154. 
AC Vasterbotten 245181. 0.463 51.3 337. 389. 
BD Norrbotten 263684. 0.311 6.4 16.5 23.2 

---------------------
Total Sweden 8339739. 88. 777.7 4085. 4951. 

------------

Table 2 

Collective effective dose equivalents from inhalation and external 
cloud and ground irradiation for different assumptions of the relax
ation length of the exponential depth distribution during the first 
year (0-1 a). The relaxation length for the following years (1-50 a) 
is assumed to be 3 in all cases. 

Relaxation length first year 
em 

0 
0.1 
1 
2 
3 

0 - 1 a 
manSv 

729.3 
763.1 
865.8 
895.4 
965.7 
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1 - 50 a 0 - 50 a 
manSv manSv 

1967. 2696. 
2371. 3134. 
4085. 4951. 
5231. 6126 
6681. 7646. 



Results 

The collective effective dose equivalents in different counties and total 
Sweden for the first year and for the first fifty years after Chernobyl are given 
in table 1. For inhalation and cloud, the collective dose is around 100 manSv. 
For external radiation from ground the collective dose is estimated to be around 
800 manSv for the first year, and 5000 manSv for the first fifty years. From 
foodstuffs, the collective dose is reported to be around 1000 manSv for fifty 
years (Holmberg et al, 1987). This adds up to a total of approximately 6000 
manSv from all radiation sources. Using a risk figure of 0.02 fatal cancers 
per sievert, the Chernobyl fallout will cause roughly 100 - 200 cases of 
fatal cancers in Sweden over a fifty year period. 

Fig I. Mop sho11·ing the dif(r.•rcnt 

counties of Sweden. 
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RADIATION PROTECTION IN THE MINISTRY OF NUCLEAR INDUSTRY 

I. PREFACE 

Pan Zhiqian, Li Zhenping, Mao Huanzhang 
Ministry of Nuclear Industry 

Beijing, Peoples Republic of China 

The complete system of fuel cycle has been established and operated in 
China. The two nuclear power plants are under construction, and more and 
more radioisotopes are produced and used year by year. Since founding the 
Ministry of Nuclear Industry much attention has been paid to radiation 
protection by our government. The principles "Safety first, Qudlily FitsL" 
and "Radiation Protection Leading the Way" have been worked out and 
implemented strictly, and a series of necessary protection measures taken, 
so that no acute radiation sickness has occurred for near 30 years. A large 
amount of radioactive waste has been handled, treated and conditioned, and 
it has been proven through environmental survey that no serious pollution 
has taken place. Following the issue of ICRP Publication No. 26 a new 
radiation dose limitation system has been adopted and occupational and 
public, individual and collective, radiation doses have been reduced 
gradually. 

II. RADIATION PROTECTION MANAGEMENT 
(1) Regulations 
The first national radiation protection regulation was issued in 1960 

and a revised edition was published in 1974. Since then, the Ministry of 
Nuclear Industry has issued a series of safety regulations; Table 1 shows 
the title of these regulations. We began revision of the national radiation 
protection regulation in 1981; the final edition was completed in 1986 and 
submitted to the government for approval. The basic contents of this 
regulation is the same as IAEA safety series No. 9 "The Basic Safety 
Standards for Radiation Protection", but contains more detail relatting to 
optimization and assessment of radiation protection. Table 2 shows the 
title of regulations to be issued. 

TABLE 1 
RADIATION PROTECTION REGULATION (ISSUED) 

1. Regulations for Radiological Protection of Nuclear Fuel Element 
2. Regulations for Radiological Protection of Reactors 
3. Regulations for Criticality Safety of Fissile Material Processing 
4. Regulations for Criticality Safety of Fissile Material Storage and 

Transport 
5. Regulations for Occupational Radiation Exposure Records 
6. Regulations for Monitoring and Data Report of Personnel 

TABLE 2 
RADIATION PROTECTION REGULATION (TO BE ISSUED) 

1. General Regulations for Quality Assessment of Nuclear Radiation 
Environment 

2. Regulations for Safe Transportation of Radioactive Materials 
3. Safety Standards for Package of Radioactive Solid Waste with Low- and 

Intermediate-Level 
4. Regulations for Radioactive Waste Management 
5. Regulations for Radiation Protection in Production of Radioactive 

Isotopes 
6. Regulations for Short-Term Storage of Radioactive Waste 
7. General Quality Assurance for Ionization Radiation Monitoring 
8. Regulations for Medical Supervision for Workers in Nuclear Power Plant 
9. Emergency Planning and Preparedness for the Accident of Nuclear Power 

Plant 
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(2) The Organization 
The Bureau of Safety, Protection and Health, MNI was set up in 1960 in 

order to manage research for radiation protection, to protect the 
environment and to establish and implement radiation protection programmes. 
The infrastructure of the safety and radiation protection authority, MNI is 
shown in Fig. 1. The Bureau is divided into five divisions: 

Administrative Office, 
Nuclear Safety and Protection, 
Technological Safety, 
Environment Protection, 
Radiation Hygiene and Health. 
There are several institutes engaging in research relating to rarliatinn 

protection. 
1) The Institute of Radiation Protection was founded in 1962. This is a 

multidisciplinary institute which covers radiation protection 
measurement, radiation dosimetry, environment protection, radioactive 
waste management, standardization of radiation protection, 
radiomedicine, radiobiology, radioecology etc. 

2) The Institute of Atomic Energy situated in Beijing is another research 
unit in the field of radiation protection and nuclear safety, which 
covers radiation protection, environmental protection, radioactive 
waste management, nuclear safety, criticality safety etc. 
In addition to these, each nuclear factory, research and design unit 

has its own department of radiation protection. 
In order to strengthen the administration of radiation protection, the 

Ministry of Nuclear Industry decided to set up four centres in the Institute 
of Radiation Protection in 1986: 

Personnel dose monitoring service and assessment, 
Environmental monitoring and assessment, 
Calibration of radiation protection instruments, 
Occupational disease registration. 
The tasks of these centres are as follows: 
Collect and analyse the records of occupational individual and public 
exposure, arising from the release of liquid and airborne effluents, 
solid waste and occupational disease cases, 
Write an annual report on radiation safety and submit it to the 
Ministry of Nuclear Industry, 
Ensure quality assurance of radiation protection measurements, 
Conduct environmental surveillance and individual radiation exposure 
monitoring. 

III. RADIATION PROTECTION AND ENVIRONMENT ASSESSMENT 
For all nuclear facilities, radiation monitoring should be performed in 

accordance with an appropriate radiation monitoring programme worked out on 
the principle of radiation protection optimization. 

(1) Personnel Monitoring [1] 
The personnel monitoring devices used to measure external radiation 

exposure are X-ray film badges in the 1960s, both film badges and 
fluorescent glass in the 1970s and TLD for about one third of monitored 
workers. Internal dose monitoring commenced in 1963. The major nuclides 
measured were uranium and plutonium, iodine and cesium in some cases, as 
well as radon and its daughters in uranium mining and milling. The internal 
monitoring techniques are not yet complete; major methods are bioassay and 
whole body counting. Routine monitoring measures uranium or tritium in the 
excreta of the workers; the methods recommended by ICRU publication 30 are 
used to estimate the internal dose. The average intake may be calculated by 
using data relating to the concentration of aerosols in the respiratory zone 
of the working place. 
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The annual average dose equivalent from external exposure during 
1959-1984 is shown in Fig. 2. From 1968-1976 the annual average dose 
equivalent was much higher than other years because radiation management was 
not good during that period. 

The total number of workers monitored is 60 000 man.year. The 
collective dose equivalent from external radiation is about 600 man.Sv. The 
annual average individual dose equivalent is 9.2 mSv. 

As personnel monitoring and management, and protective measures are 
improved, collective and individual doses are reduced. A trend has shown 
that the doses to occupational workers are gradually decreasing. The annual 
average equivalent was less than 5 mSv, during 1981-1984 and the annual 
average committed effective dose e4uivdleul frum urdnium and tritium was 
less than 5 mSv. The results are shown in Table 3. 

(2) Environment Monitoring and Assessment [2] 
The requirements for environment protection in siting nuclear 

facilities are considered to be an important factor. In order to minimize 
the population dose, the sites of nuclear facilities are selected as far as 
possible in areas with small populations. Each nuclear facility and 
research unit has an environment protection department, responsible for 
monitoring and assessment. The ranges of monitoring areas are from 10 to 20 
kilometres. All nuclear units are required to investigate the background 
radiation levels before the nuclear facility begins operation. 

In order to assess the impact of the nuclear industry completely and 
systematically we have a programme of environmental assessment; the 
programme began in 1980. Results show that the annual average dose of 
critical groups is well below 5 mSv; 77 per cent are below 0.25 mSv. The 
collective dose within 80 kilometres of sites are about 0.01% of the 
collective dose due to natural radiation. 

Most nuclear facilities are located in the Yangzi river basin and 
members of the public are concerned about the possibility of impact. 
Comprehensive investigations were carried out twice in the 1970s and in 1983 
[3,4]. The main results are shown in Table 4 and these indicate that the 
Nuclear Industry has no impact on Yangzi River. 

IV. CONCLUSION 
China's policies for controlling occupational exposure and release of 

radioactive materials into the environment have proved effective. From the 
viewpoint of optimization of radiation protection there are many problems 
that need to be researched. In order to strengthen radiation protection and 
nuclear safety, we should improve the scientific management of radiation 
safety, clarify the goals of radiation safety, establish a data bank of 
radiation safety information and enhance research related to risk analysis 
and management, safety system engineering and optimization of radiation 
protection. 
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year 

1980 
1981 

1982 

1983 

1984 

total number 

5112 
5356 
5485 

5658 

6322 

TABLE 3. INDIVIDUAL EXTERNAL DOSE EQUIVALENT 
AND DISTRIBUTION FOR OCCUPATIONAL WORKERS IN 1980--1984 

collective dose average dose < 5 mSv 5-15 mSv 15-25 mSv 
equivaLent equivalent number % number !16 number % 

S <man. Sv) p~r a. person 
H(X!O.,) 

60.49 1. 16 2984 57. 3 1244 23. 9 370 7. 10 

46. 9 2 0.88 3206 59. 9 1357 25. 3 361 6. 74 
29. 26 0.53 3780 6 8. 9 1225 22.3 296 5.40 

27.83 0. 49 3930 69.5 1321 2U 261 4. 61 

23. 62 0.37 4915 77. 7 1112 17. 6 207 3. 27 

TABLE 4 RADIOACTIVE LEVEL OF WATER SAMPLE IN YANDZI RIVER 

nuc tides average Level 1979-1980 average LeveL 1983-1984 
total a Bq/L 0. 059 0. 063 
total ~ Bq/L 0. 104 0.104 
u Bq/l 0.86 0.86 
Th Bq/1 0.17 0.15 
"'Ra Bq/L 0.001 0.010 
'H Bq/L 10. 36 8.039 
'"Cs Bq/L 0.0002 0.0006 
"Sr Bq/L 0.0089 0.0118 

25-50 mSv ) 50 .Sv 
number % number " 

331 6. 35 28 3 5. 43 

302 5.64 130 2. 43 
165 3. 01 19 0. 35 

135 2.39 5 0.09 

74 1. 17 14 0.02 



AN APPROACH TO CONTROLLING RADIATION EXPOSURES OF 
PROBABILITIES LESS THAN ONE 

J .U. AHHim 
& 

A.J. GONZALEz(a) 

INTERNATIONAL ATOMIC ENERGY AGENCY 
VIENNA 

1. INTRODUCTION 

The radiation protection system reconm1ended by the International 
Conwission on Radiological Protection (ICRP) [1] has been incorporated 
into many national and international regulations, including the 
IAEA/lLO/WHO/OECD-·NEA(b) "Basic Safety Standards for Radiation 
Protection" (BSS) [2]. The system, however, is intended only for 
application to the preplanned control<c) of exposures which are expected 
to occur with certainty as a result of practices involving radiation 
sources. Such exposures, resulting from the so-called 'normal' operation 
of the sources, are therefore assumed to occur with a probability of 
unity. They are usually called 'normal' exposures, although sometimes 
they should be more properly referred to as exposures resulting from 
planned occurrences of events concerning radiation sources. 

Rather different are those situations in which there is only a 
potential for radiation exposure, i.e. the probability that the exposure 
actually occurs is less than one. These situations are usually called 
'accidental', not meaning that they necessarily arise from accidents but 
that exposures may or may not occur as a result of probabilistic events 
concerning a radiation source. The exposures that may potentially arise 
from such situations have frequently been called 'probabilistic' 
exposures. The ICRP system cannot be applied in its current form to the 
control of either the magnitude or the probability of occurrence of 
'probabilistic' exposures and a much needed international consensus on a 
coherent and consistent system of control seems to be lacking. 

(a) Hr. Ahmed and Hr. Gonzalez were Scientific Secretary and Chairman 
respectively of the IAEA Advisory Group on the Application of the 
Principles of Radiation Protection to Sources Potentially Causing 
Radiation Exposure. This paper, however, expresses the authors' 
personal opinions and should not be interpreted as indicating the 
Advisory Group's position on the subject. 

(b) International Atomic Energy Agency/International Labour 
Organization/World Health Organization/Nuclear Energy Agency of the 
Organization for Economic Co-operation and Development. 

(c) The term control is used to mean the act or fact of exercising 
restraint, rather than checking, testing or verifying. 
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The IAEA has a project to develop guidelines for a unified approach 
to the application of radiation protection principles to both radiation 
exposures occurring with certainty and exposures which are not certain to 
occur, and a consultative document has already been prepared [3). The 
present paper briefly sunm1arizes some aspects of the progress made towards 
this unified approach to radiation safety. 

2. STATUS QUO 

2.1 TERMINOLOGY AND SOME CONCEPTUAL PROBLEMS 

When dealing with probabilistic situations, some concepts, such as 
risk, uncertainty and probability, are used with different connotations by 
different authors. Consideration of radiation exposures cannot escape 
this problem and the imprecise usage of the term radiation 'risk' is a 
good example. The IAEA had adopted [21 the lCRP usage of the concept of 
risk as the probability of harm resulting from a given radiation dose [41 
and precisely defined risk in the IAEA Radiation Protection Glossary [51 
as "the probability that a given individual will incur any given 
deleterious stochastic effect as a result of radiation exposure". 
However, the IAEA's Nuclear Safety Standards (NUSS) [61 subsequently used 
the term risk "in the general sense of a combination of probability and 
consequences of an event", i.e. in a sense of a mathematical expectation 
of harm rather than a probability of harm. However, in the limited area 
of radioactive waste disposal, both the ICRP and the OECD/NEA have used 
the term 'risk' to mean the product of the probability of exposure and the 
probability that the dose received will produce serious health effects [71 
[81, i.e. as a probability of harm resulting from convolution of two 
stochastic phenomena. Risk has also been used in the literature in its 
imprecise colloquial meaning, and also as the equivalent of consequences. 

The concept of probability itself is also being used with different 
connotations, either based on the classical frequentistic interpretation 
or in the nlore modern subjective formulation. This in turn has had an 
effect on the interpretation of the meaning of uncertainty. 

Many of the current conceptual problems which appear when dealing 
with 'normal' and 'probabilistic' exposures are linked to the imprecise 
use of terminology. 

2. 2. SCENARIOS 01'' EXPOSURE 

Effectively all radiation sources may cause 'normal' exposures and 
have a potential to deliver 'probabilistic' exposures. As a simple 
example showing the coexistence of both exposure scenarios, consider a 
radiation generator enclosed in a radiotherapy room fitted with an 
interlocked entry system. On the one hand, people will be exposed to the 
radiation that penetrates the shielding during normal operation. On the 
other hand, if the interlock fails, then someone might enter the 
radiotherapy room when the generator is operating and thus receive an 
unplanned exposure. 
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More sophisticated examples of normal and probabilistic scenarios of 
exposure can be given for nuclear installations. The relative importance 
of each scenario may naturally differ enormously for different sources and 
installations but in principle both modes should always be considered. 
The coexistence of both types of exposures seems to indicate that a 
unified approach for the radiation safety of the source is needed in order 
to ensure coherence and consistency in the safety objectives. 

2.3. CURRENT PRINCIPLES OF RADIATION PROTECTION 

The current system of radiation protection is intended for planning 
radiation protection for 'normal' exposures. It includes two types of 
requirements: (i} the individual related requirement of the limitation of 
individual doses; and (ii) the source related requirements of 
justification of practices and optimization of protection. 

Individual dose limits have traditionally been reconunended by ICRP 
and were incorporated in the BSSs. They apply to the combined exposure 
due to all sources, excluding that due to natural background radiation and 
the medical exposure of patients. For members of the public the ICRP 
reconmlends a dose 1 imi t of 1 mSv for exposures conuni t ted in any single 
year [9]. Taking into account the currently used hypothesis of a linear 
non-threshold dose response relationship with a risk factor of 
approximately ro-2 per sievert, an individual dose limit of 1 mSv per 
annum implies a constt·aint of less than about 10-S year-1 on the risk 
incurred by the individual. 

Since individuals may be subject to exposures due to several 
sources, in order to ensure compliance with individual dose limits, both 
the ICRP (4] and IAEA [10] have suggested the setting of dose upper bounds 
to be assigned to particular sources of exposures. Although specific dose 
upper bounds have not yet been reconmlended, it is assumed that they should 
be established by national authorities and applied to exposures resulting 
from the normal operation of a radiation source or installation whenever 
the exposures are assumed to occur with certainty. De facto dose upper 
bounds used by national authorities suggest that the constt·aint imposed in 
practice on individual risk due to a single radiation source is of the 
order of 10-6 per annum. 

Optimization of protection, however, requires that the radiation 
protection applied to a source of exposure must be optimized in order that 
all doses be kept as low as reasonably achievable, economic and social 
factors being taken into account (ALARA}. The application of the 
optimization requirement implies in practice that the actual risk incurred 
is much lower than the corresponding upper bound. Optimization requires 
an evaluation of the various possible options for protection and a 
judgement of their different features against preference criteria. The 
features to which these criteria apply include the achievements in 
protection, such as reductions of doses and favourable changes in their 
distribution in time and level of dose, and the efforts, such as costs and 
difficulties, required in achieving such protection. Since some of these 
criteria may be in conflict with others, evaluation for other than the 
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simplest prob'ems will require some kind of decision aiding technique to 
differentiate between alternative options from the point of view of 
radiation protection. One particular technique reconunended by the ICRP is 
cost-benefit analysis [11], but it has been emphasized that this is only 
one way of quantifying some of the inputs to the optimization decisions. 
Other techniques, such as multiattribute analysis, are also being 
investigated by the lCRP. 

Finally, the requirement of justification of practices provides that 
no practice shall be adopted unless its introduction yields a positive net 
benefit. A practice, such as the generation of electrical energy by 
nuclear fission or the radiosterilization of medical products, means the 
sum of all processes, industrial operations and actions associated with 
that activity which produces the benefit. The net benefit should be 
determined by assessing both benefits and efforts, including the possible 
harm due to radiation, resulting from the introduction of the practice. 

2.4. CONTRASTING SAFETY PRINCIPLES 

In contrast to the conm10n international approach for controlling 
'normal' exposures, there seems to be a lack of unified procedures for 
controlling the likelihood of 'probabilistic' exposures. There are, 
however, implicit procedures for the assessment and control of 
'accidental' situations at some installations, notably nuclear reactors. 
They have been developed in parallel with, and to some extent separately 
from, the principles of radiation protection. It is therefore not 
surprising that in practice different principles are applied to exposures 
presumed to be certain and to potential exposures. 

An example of these contrasting approaches is given by the treatment 
of the safety of nuclear reactors. The study of nuclear reactor safety 
developed from that of conventional safety and initially inherited the 
essentially deterministic concepts of that discipline. Engineering safety 
standards were set either as a result of experiments and tests or more 
subjectively using engineering judgement. A concept of 'maximum credible 
accident'- then called 'design basis accident'- was developed by means of 
such a deterministic approach and engineering safety features were 
designed to cope with this accident in an attenlpt to ensure absolute 
safety. Time and experience showed, however, that there remained some 
probability of accidents occurring and not being coped with by the safety 
related engineering systems. As a result, the nuclear accident scenarios 
- including beyond design basis accidents - their causes, probabilities 
and consequences, began to be studied by the more comprehensive technique 
of probabilistic safety assessment (PSA). In order to evaluate the results 
of PSA, it was found necessary to establish comparison criteria in the 
form of probabilistic safety criteria (PSC). One useful form of PSC is 
that of a limit on individual risk, which can be derived from the 
radiation protection principles, but this has not been the sole approach 
used. Rather, limits for 'societal' risk, expressed in terms of 
relationships between probability and number of people affected, have also 
been used as PSC. In any case, there has been a marked contrast between 
these various principles of nuclear safety and the radiation protection 
principles. These in turn lead to a situation in which the overall safety 
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objectives cannot be easily formulated and create a real conflict, 
particularly in situations in which a trade-off is unavoidable. For 
instance, in some cases an increase in the protection against exposures 
presumed to be certain may lead to a reduction in the safety measures for 
potential exposures, and vice versa; a typical example of this is the 
trade-off between occupational protection requirements and operational 
safety requirements such as maintenance and inspection. 

For other sources the principles have also been in conflict. 
Procedures for assessment and control relating to waste disposal also 
started to evolve separately but have now been tackled by extending and 
developing the ICRP Basic Recommendations to deal with the particular 
problems of wastes [7][8]. In the uses of radioisotopes and radiation 
sources there is a contrast between the many standards and criteria used 
for normal operations and the few, if any, standards for preventing 
accidental exposures. 

3. SUGGESTED APPROACH FOR A UNIFIED POLICY 

There follows a brief sunm\ary of the suggested approach for a 
unified safety policy. 

3.1. USAGE OF SOME RELEVANT CONCEPTS 

It is suggested to use the concept of probabili~ as a number 
between 0 and 1 assigned to the likelihood of the actual occurrence of an 
event, a radiation exposure due to the event, or a radiation effect due to 
the exposure. The number must be interpreted as a measure of the degree 
of belief that the event, exposure or effect will occur rather than as a 
measure of the actual frequency of occurrence. It must comply with the 
rules of coherence as follows: (i) the complement of an event with 
probability p should be assigned a probability {1-p); (ii) events which 
may occur at a greater frequency should be assigned a greater probability; 
and (iii) if event .!!_ is more probable than Q., and Q. is more probable than 
£_, then .!!_must be more probable than £.· This definition encompasses the 
usual frequentistic definition of probability but does not require 
statistical information, and is particularly tailored to be used for 
controlling 'probabilistic' exposures. 

However, it is reconm\ended that ris.J5. be defined as the probability 
that a serious detrimental health effect will occur to an individual 
exposed to either 'normal' or 'probabilistic' exposures. Risk is, 
therefore, the product of the probability of an event occurring and the 
probability of radiation exposure occurring given the event and the 
probability of harm given the exposure, because each one of these 
probabilities is assumed not to influence the others. For normal 
operation the probability of both the event and the 'normal' exposure 
occurring is assumed to be unity and the definition matches the usual 
meaning of risk for radiation protection purposes. 
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3.2. ASSUMING A RISK-DOSE RELATIONSHIP 

When considering probabilistic exposures, the possibility of doses 
exceeding the linear (stochastic) region of the dose-response relationship 
and entering the 'non-stochastic' region must be taken into account. 
Figure I presents the extremely simplified scheme suggested for the 
relationship between the probability of suffering a severe harmful effect 
as a result of a radiation dose versus the incurred dose. At levels~~ 
a fraction of a sievert only stochastic effects are assumed to occur, 
including fatal cancers in the irradiated individual and severe genetic 
effects in the succeeding generations of descendants; the risk factor 
being of the nrder of one in a hundred per sievert. For doses that exceed 
Q_.l Sv, say, delivered in a short period of time, non-stochastic effects 
may occur and at doses higher than about 5-10 Sv also delivered in a short 
period of time, practically all irradiated individuals will suffer an 
acute radiation syndrome and eventually die. As a simplified but 
practical approximation, therefore, the risk-dose relationship is assumed 
to be linear with a slope of Io-2 sv-I in the low dose region and to 
approach asymptotically a probability of unity for doses higher than about 
5-10 Sv. 

3.3. SOURCE CHARACTERIZATION 

Radiation sources should be characterized from a safety point of 
view according to their potential for delivering harm. For normal 
exposures the relevant quantity characterizing the individual risk is the 
individual dose assumed to occur with certainty. For the low doses 
expected in normal operation, the probability of harm for the individual 
is assumed to be proportional to the incremental dose received and the 
collective dose is a measure of the total expected harm. For 'normal' 
exposures, therefore, individual and collective doses are the quantities 
which characterize the safety of the source. 

For 'probabilistic' exposures, however, there can be identified a 
probability of individual harm, or risk, and a probability distribution of 
consequences. These quantities characterize the safety of the source in 
this case. The mathematical expectation of harm is not a good indicator 
of the safety of the source owing to the large uncertainties associated 
with low probability-high consequence events. 

4. LIMITATION OF INDIVIDUAL RISK AS A BASIS FOR A UNU'IED APPROACH 

Probabilistic events could be brought under a unified system of 
control in a way which is consistent with the current system of dose 
limitation. A possible method of incorporating accident situations into a 
risk based system would be to define a total individual risk limit for the 
combined sum of 'normal' and 'probabilistic' exposures. However, this 
approach has two disadvantages: firstly, it could be construed to imply an 
allowable trade~off of risk between normal and accident situations; 
secondly, such a method would involve changing the current system of dose 
limitation for 'normal' exposures. 
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The simplest method would be to define separate risk limits for 
'probabilistic' exposures and to retain the current dose limits for 
'normal' exposures. In the context of radioactive waste disposal the ICRP 
recommended for members of the public an annual risk limit of lo-5 to 
deal with probabilistic events [8], which is of the same magnitude as that 
implied by the dose limit for normal situations. The ICRP proposal aims 
to achieve compatibility with the cutTent system of dose limitation and 
thereafter to improve safety by reducing doses below this limit by 
optimization. Thus, for consistency, it is suggested that the proposal be 
extended to the control of individual risk from 'probabilistic' exposures 
in general. This limit would apply to the individual risk in the most 
highly exposed critical group and would encompass all sourees of 
probabilistic exposure. 

In addition to the individual risk limit, there need to be alloted 
risk upper bounds in order to constrain the individual risk due to a 
single source. The risk upper bound should be apportioned from the risk 
limit. The apportionment may be different according to circumstances; 
thus a smaller fraction may be chosen for waste disposal than for nuclear 
power plants because of our uncertain knowledge about the variety of 
sources to which a future individual may be exposed. A risk upper bound 
is to be used in the design and regulation of a particular facility in the 
same manner as dose upper bounds are currently used. 

Compliance with a risk limit or with a risk upper bound, either for 
a source or even for a single scenario, can also be shown by means of a 
criterion curve, which allows the use of dose distributions or doses and 
probabilities directly without the need to convert them to risks. An 
example of such a criterion curve is shown in Fig. 2 for an annual risk 
limit of l0-5. The shape of the curve is derived from the dose-effect 
relationship of l''ig. 1. Every point on the curve represents the same 
risk, that is l0-5 in a year. The curve starts at the point where the 
probability is one and the dose is about l0-3 Sv, where the risk is then 
ro-5. Doses below l0-3 Sv correspond to a risk of less than l0-5 
and therefore automatically comply with the risk limit. The first part of 
the curve is a straight line of slope 450; it represents the region of 
doses up to about 1 Sv where the risk due to a given dose is assumed to be 
proportional to that dose. Thus a dose of 10-2 Sv occurring with a 
probability of 10-l confers the same risk as a dose of 1 Sv occurring 
with a probability of l0-3. From doses of 10 Sv or greater, from which 
death is certain to occur, the risk no longer depends on the dose but only 
on the probability. Since the risk limit is assumed to be lo-5 in a 
year, the criterion curve is then horizontal at an annual probability of 
l0-5. In the short region between 1 Sv and 10 Sv the two straight parts 
of the curve are joined by some smooth path whose exact shape is 
irrelevant. If the probability distribution (given that its integral is 
normalized to one) or - in the simplified case of discrete doses ··· the 
number pair of the annual dose and the annual probability of that dose 
falls everywhere below the criterion curve, then compliance with the risk 
limit has been shown. 

However, assuming arbitrarily simultaneous risks from ten different 
sources or scenarios, then the risk upper bound per source would be lo-6 
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and the corresponding criterion curve of the same type of the described 
earlier will be that shown in Fig. 3. If the risk upper bound refers to 
the source, then the sum over all scenarios has to be used for the dose 
distribution; if, however, the risk upper bound has already been 
apportioned to a single scenario, then the dose distribution of that 
scenario is to be entered into the diagram with the criterion curve. 

A basic conceptual policy question remains, however. This question 
is whether the certain occurrence of a dose with a given probability of 
causing death should be considered equivalent to the potential occurrence 
with this same numerical probability of a fatal dose. In other words, the 
question is whether the risk due to the certain occurrence of a dose with 
a given probability of causing death is equal to the risk due to a dose 
which has this same numerical probability of occurring and which would 
certainly be fatal. Quantitatively, the risks in the two cases are the 
same and, therefore, for risk limitation purposes the two situations have 
been assumed to be identical. This assumption is basic to the unified 
approach for limiting individual risk. 

5. OPTIMIZATION OF RADIATION SAFETY 

It seems reasonable to consider on the idea of a limit on individual 
risk as an essential requirement for a unified approach to radiation 
safety in general and, particularly, to the control of probabilistic 
exposures. However, the limit on individual risk should be viewed as a 
necessary but not sufficient condition for ensuring the appropriateness of 
the level of safety of a radiation source. The question remains for the 
responsible authorities whether that level should be improved further by 
taking into account, for instance, that a high number of individuals 
incurring an acceptably low probability of harm may still represent an 
unacceptably high expectation of harm. For exposures resulting from 
normal operation the basic requirement is that the radiation protection 
applied to the source must be optimized. Similarly, for accident 
situations the full assessment of the consequences must take into 
consideration the number of people affected and the level of harm to them, 
and the costs of and efforts required for improved safety. This aspect is 
sufficiently close to the ideas involved in the optimization of protection. 

6. LIMITS ON SOCIETAL RISK OR JUSTlF'ICATION? 

As indicated before, societal risk limits have been proposed and 
utilized for many aspects of radiation safety, for instance in relation to 
the probability and consequences of reactor accidents. Societal risk 
limits do not follow directly from the principles of protection developed 
by the ICRP, whose extension to probabilistic exposures has been suggested 
before. Conceptually, however, societal risk limits may have a logical 
connection with the ICRP principle of justification. This logical 
connection has still to be explored. 

7. SUMMARY 

The problems in dealing consistently and coherently with normal 
exposures assumed to occur with certainty and potential exposures of a 
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probabilistic nature have been explored. An IAEA project has suggested 
how a start might be made to work towards such a unified approach to 
radiation safety and has proposed the use of a risk based system. The 
paper briefly sunwarizes some aspects of the proposal. 
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THE ROLE OF PROBABILISTIC EVENTS IN THE APPLICATION OF THE 
JUSTIFICATION CRITERION 

Robert Hock 
Sj_emens AG 

Probabilistic events (potential accidents) at large instal
lations -specifially nuclear power plants- play a major role 
in the public debate. According to the ICRP criteria an instal
lation is only justified if it results in a net benefit for so
Liety. It is logical and in accord with the importance assigned 
by public opinion that probabilistic events be included in an 
evaluation of its justification. 

This entails an assessment of the probability of occurrence 
and the consequences of such events. However, even a crude eva
luation of such events shows that if only casualties are con
sidered and evaluated using a realistic monetary equivalent (e.g. 
2 milU.on DM per fatality), the resulting damage per unit of 
time is extremely low compared to the benefit of such an instal
lation. 

If one does not resort to the simple argument that the public 
debate is irrational, the only other explanation is that social 
effects play a larger role in such an evaluation than the effects 
on individuals. 

We have attempted to evaluate these social effects by divi
ding the environs of a nuclear installation situated in a densely 
populated area into social units. Within 10 km of the plant, 
each community was considered to be a unit. Between 10 and 120 
km counties were generally used as units. Therefore, the size 
of one unit varied from 1 000 to 75 000 inhabitants (communi
ties) and from 90 000 to 1 400 000 (counties). 

Impact on these social units is investigated on the basis 
of the following: 

a) fraction of early fatalities 

b) fraction of late fatalities 

c) fraction of land to be evacuated (ground contamination) 

d) fraction of land with long term consumption restrictions 

e) fraction of land with short term consumption restrictions 
(contamination of leaves). 

In pathway ''a" the following function was used to calculate 
the probability of early death P for a person receiving a dose 
D (in Sv) : a 

(
o\6.6 (_Q_)4 rovo 
4) +\9.5 +ljs] 

Pa 1 - 0.5 

1646 



The dose D was calculated for a given event (with a specific 
weather situation) for each location within the social unit and 
the resulting probability P was then multiplied by the number 
of poeple living at that lo~ation. 

By summing up over all locations within that social unit, 
the fraction of population suffering early death as a consequence 
of the assumed event could thus be evaluated. 

The probability of delayed death (pathway b) was calculated 
with the following equation: Pb = 0.01 D 

For the remaining three pathways limit values have been used 
to determine if a given location is considered inhabitable after 
an event or if restrictions on the consumption of foodstuff pro
duced at that location have to be imposed. 

A location was considered inhabitable if the dose accumu
lated within one year due to ground contamination would exceed 
0.25 Sv. It is realized that the public opinion in Germany may 
possibly tend to use a more restrictive limit. 

For the pathways d and e if was assumed, that foodstuff 
exceeding 2000 Bq/kg would not be allowed to be consumed. 

In this way the fraction of the population and the fraction 
of land withjn one social unit being harmed by a specific event 
was obtained. 

The corresponding social damage was evaluated as follows 
for each pathway: 

A sigmoidal damage function was selected with such parameters 
that social damage is close to zero if only a small fraction of 
the inhabitants of a social unit is harmed. It approaches 1 if 
the fraction approaches 1. The time needed for a society to re
generate after a disaster follows a curve of similar shape. The 
function which we selected is shown in Figure 1. 

For one event (assumed to happen in a specific weather si
tuation) the social damage caused by each pathway was calcula
ted for each social unit. It was then multiplied by an factor 
representing relative importance; namely, 1 for pathway a, 0.1 
for pathway b, c and d and 0.01 for pathway e and added up for 
all 5 pathways to obtain the relative social harm for a given 
event. 

In order to add up the societal harm of social units with 
a different number of inhabitants, this relative value was multi
plied by a weighting factor equal to the population of the respec
tive social unit. 

This calculation was then performed for all weather con
ditions which had occurred in the past in one calendar year. 
Thus we obtained the probability distribution of the social harm 
as a consequence of a specific event and additionally the average 
social harm per event for each social unit. 
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Finally this avarage social harm was summed up over all 
social units to obtain the total social harm caused by the event. 

This calculation was repeated for different release situations 
by variing the percentage of core inventory released to the at
mosphere, the emission height and the duration of the release. 

The results show that the societal harm usually increases 
if the release of a given percentage of core inventory is distri
buted over a longer period of time as compared to a release lasting 
about 1 hour only. This is explained by the fact, that changing 
wind directions result in more social units being harmed by the 
emission. This is only partly compensated by the diluting effect 
caused by a distrubition over a larger area specifically if the 
contamination of land stays above the set limit in both cases. 

In order to test the applicability of such a probabilistic 
societal harm factor one has to attribute a monetary equivalent. 
The order of magnitude can be evaluated by applying this metho
dology to systems recently ordered in some countries for the 
mitigation of the consequences of a core melt accident acompanied 
by containment failure. Evidently such installations are considered 
"reasonable" in the eyes of the authorities. 

The impact of such an installation on the individual and 
societal harm can be shown by comparing different release cases 
as shown in Figure 2. The results (Figure 3) have been tenta
tively evaluated using the same monetary equivalent for societal 
harm as for individual harm (2 million DM per unit of harm). 
It turns out that an installation with an annual cost (capital + 
operating cost) of 1 million DM is justified if it reduces the 
release of iodine and aerosols by a factor of 100 or more fo~ 5 events with a probability of occurence of more than 1.6 x 10 
per year. 

According to probabilistic risk assessment studies this 
is the order of magnitude expected for such events. 

Therefore the inherent monetary equivalent for societal 
harm reflected by these requirements was in the order of 2 mil
lion DM per unit of harm. The individual harm alone caused by 
such events would not justify these additional installations. 

The remaining social and individual costs of probabilistic 
events will then have to be included in a justification evaluation 
of the modified installation. 

Monetary equivalents of much more than 2 million DM per unit 
of societal harm would have to be used if one wanted to argue 
that the impact of probabilistic events makes a nuclear installa
tion of the evaluated design unjustified. 
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0.5 

X = injured fraction of population N 

fig.1 Societal Hazard = Y * N * I 

Case Emission Duration %of Core Inventory released 
Height (m) (h) Noble Gases Iodine Cesium ... 

A 40 1, 8, 48 100 100 100 

B 160 1, 8,48 100 100 100 

c 160 1, 8, 48 100 0.3 0.03 

D 160 1, 8, 48 100 0.3 0.0003 

E 160 1, 8,48 100 0.003 0.0003 

fig.2 Analysed Release Events 

Case Duration Early Delayed Societal 
Death Death Damage 

A 1 193 000 4300 802000 
8 337 000 13400 1 357000 

48 308 000 30000 1 864 000 

c 1 5 149 18000 
8 0 149 37000 

48 0 150 71 000 

E 1 0 34 6500 
8 0 34 8300 

48 0 34 9600 

fig 3. Average Consequence per Event 
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FORMATION DU PERSONNEL POUR L'INFORMATION DU PUBLIC 

Lucien BERTRON et BERNARD HOUPIN 

ELECTRICITE de FRANCE 

Apres l 1 accident nucleaire de Tchernobyl, le public fran9ais 
a brusquement recherche toutes les informations qui pourraient 
l 1 aider a comprendre quels etaient les risques immediats et 
differes. 

L 1 information officielle, exacte mais froide, et souvent 
tardive, repondait mal aux attentes irrationnclles du public, les 
medias diffusaient une information rapide, sensationnelle mais 
confuse, emise sans controle de la fiabilite de ses sources. 

Deux categories d 1 intermediaires pri vilegiees ont peu 
participe a l 1 information du public fran9ais 
- le personnel des centrales nucleaires et celui des centrales 

classiques, soit 24 000 personnes ; 
- le corps medical et, d 1 une maniere generale, les professions de 

sante, c 1 est-a-dire plus de 300 000 representants en France. 

Le public attend du personnel des centrales des reponses 
techniques sur la nature et la probabilite des risques que 
presente une centrale nucleaire qu 1 il est suppose bien connaitre. 
Il peut egalement etre rassure par la confiance dont ce personnel 
temoigne, pour sa sante et celle de sa famille, vis-a-vis d 1 un 
accident et de ses consequences. 

Les professions de sante sont davantage interrogees sur les 
effets des rayonnements ainsi que sur les mesures sanitaires 
individuelles ou collectives a prendre en cas d 1 accident. 

L 1 information dont doivent disposer les differents inter
locuteurs du public est la meme ; elle doi t couvrir toute la 
phenomenologie d 1 un accident nucleaire depuis son origine tech
nique jusqu 1 a ses consequences sanitaires differees, mais la mise 
en forme de cette information doit necessairement adopter les 
modes de pensee de chaque profession. 

Electricite de France a pris la decision des le mois de juin 
1986 de donner une dimension exceptionnelle a son action d 1 infor
mation du public en assurant une veri table culture de son per
sonnel dans le domaine accidentel, et en amplifiant sa partici
pation dans l 1 information des membres des professions de sante. 

Cette communication trai te essentiellement de la formation 
du personnel car cette operation s 1 acheve. 

L 1 importance des effectifs impose de definir un mode de 
large diffusion du message puis d 1 adapter celui-ci en consequence. 

Comment diffuser l 1 information. 
Deux principes ont ete respectes : 

- le personnel devai t etre forme par sa hierarchie directe pour 
que le message essentiellement technique soi t per9u comme une 
conviction acquise par les cadres en raison de leur competence ; 
la plus grande initiative devait etre laissee aux centrales pour 
organiser leur demultiplication interne. 

Le mode de diffusion retenu a ete la demul tiplication a 
trois niveaux 

Un premier ni veau organise au plan national en 16 
3 jours. Dans chaque session un specialiste de 
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Lucien BERTRON et BERNARD HOUPIN 

ELECTRICITE de FRANCE 

domaines abordes a rafraichi et complete les connaissances d 1 en
viron 18 "grands formateurs". Les 288 "grands formateurs" ainsi 
formes etaient des cadres volontaires, selectionnes au nombre de 
4 ou 5 par centrale, pour leur competence en radioprotection ou 
en surete ou encore en mesures dans l 1 environnement ou enfin des 
meueclns du travail des centrales systematiquement associes a 
ces sessions du premier niveau. 

- Un deuxieme niveau organise en centrale a permis aux grands for
mateurs de preparer 3000 cadres techniques et administratifs. 
Enfin avec le troisieme ni veau qui s 1 acheve en centrale, les 
cadres developpent pour leur personnel une "culture acci
dentelle", sans pouvoir utiliser la logique d 1 une approche 
scientifique. 

Comment adapter le message. Les 2 premiers niveaux de demul
tiplication ont ete organises en fonction du troisieme qui est la 
veritable finalite. 

Les connaissances du personnel sur l 1 action des rayonnements 
etaient correctes mais limitees au milieu de travail, c 1 est-a-dire 
a l I irradiatiOn et la COntaminatiOn externe en effet l I inter
dictiOn de boire, de manger, de fumer, ecarte le risque notable de 
contamination interne. 

Par contre il avait en general une vision confuse des 
concepts de surete et meme des idees partiellement erronees sur 
les consequences d 1 un accident a l 1 exterieur de la centrale. 

Le lancement de l 1 operation. Rapidement une brochure decrivant le 
deroulement general d I Un aCCident et SeS COnSequenCeS a l I ex
terieUr de la centrale a ete congue pour l 1 ensemble du personnel. 

Ce document visai t a repondre rapidement aux attentes du 
personnel apres Tchernobyl' a donner le temps d I organiser une 
"formation lourde" avec demul tiplication a 3 niveaux' enfin a 
susciter des interrogations de la part du personnel pour enrichir 
le dialogue au cours du troisieme niveau de demultiplication. 

A posteriori cette plaquette resume la formation regue et 
sert de documentation de reference. 

La "formation lourde" a trois niveaux. La preparation du message a 
transmettre a travers cette action de formation' comme la 
redaction de la brochure, S 1 est heurtee a plusieurs ecueils : 

-Au niveau mondial, la diversite des filieres, les differences de 
conception en matiere de surete, ne permettent pas de developper 
un modele universel d 1 accident et de consequences. 
Cette difficulte a ete globalement resolue en distinguant : 

La population habitant a moins de 10 kilometres d 1 une cen
trale, pour laquelle un accident peut avoir a court terme une 
incidence directe mais connue car venant d 1 une centrale 
determinee. 
Le reste de la population, qu 1 un accident dans une centrale 
frangaise ou etrangere atteindra indirectement, notamment par 
la commercialisation de denrees alimentaires contaminees. 
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- La deuxieme difficulte reside dans la quantification des 
risques. Celle-ci necessi te la connaissance des unites et des 
normes. Les medias utilisent des unites de l 1 ancien et du 
nouveau systeme. Avant tout ce sont des ordres de grandeur qu 1 il 
faut familiariser, si possible sans avoir recours a des unites 
sans signification pour le public. 
Il serait commode de rapporter toutes les valeurs quantifiees a 
une seule reference la dose annuelle maximale admissible pour 
le corps entier. 
En principe cette unite qui est d 1 un emploi direct en cas 
d 1 irradiation externe, trouve son equivalence en contamination 
interne par les Limites Annuelles d 1 Incorporation raccordees par 
des limites derivees a la contamination des aliments. 
Malheureusement l 1 arbitraire qui preside au plan international a 
l 1 etablissement des limites commerciales, empeche toute 
presentation coherente simple. 

Nous avons done adopte une presentation a deux niveaux de 
complexite au choix de celui qui dispense 1 1 information : 
- une presentation se limi tant a la LAI consideree elle-meme 

comme une unite a laquelle toutes les grandeurs ci tees se 
raccordent ; 

- un complement 
becquerels et 
medias. 

exprimant 
en REM, 

la LAI 
unites 

et 
les 

les autres grandeurs 
plus utilisees par 

en 
les 

- La troisieme grande difficulte est liee aux effets stochastiques 
sur l 1 organisme dus aux faibles doses de rayonnement. 
Face au grand nombre d 1 informations sans fondement rigoureux 
diffusees sur ce theme, nous avons simplement cherche a montrer 
le caractere purement mathematique de 1 1 extrapolation lineaire 
consideree comme la limite superieure d 1 un domaine d 1 incertitude 
bornee en valeur inferieure par une valeur nulle. 

La forme du message. L I information a delivrer au personnel des 
centrales ( comme celui destine aux membres des professions de 
sante) visait a donner a ces interlocuteurs privilegies du public, 
une culture minimale. Celle-ci leur permet de concevoir eux-memes 
et d 1 exprimer simplement les reponses circonstanciees a des 
questions infiniment variees en nature et en niveau. 

La methode consistant a preparer un jeu de 
questions-reponses pour en quelque sorte structurer les dialogues 
entre les mediateurs et le pulic, n 1 a pas ete retenue en raison de 
SOn manque d I adaptabili te a 1 1 aUdi toire et a la natUre et a la 
variete des questions. 

Les principaux themes trai tes. Les memes themes ont ete trai tes 
dans la brochure et a chaque niveau de demultiplication de fa~on a 
parcourir la phenomenologie d 1 un accident selon un enchainement 
logique partant des causes et se developpant jusqu 1 aux conse
quences tardives. L 1 accident de Tchernobyl a ete presente a tous 
les stades en insistant sur son caractere tres majorant. 
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- La surete. Tout en developpant la conception frangaise de bar
rieres successives pour organiser une defense en profondeur, 
1 1 accent a ete particulierement mis sur le role du personnel 
pour la surete en exploitation. 
Par contre les approches probabilistes, trop theoriques, n 1 ont 
pas ete abordees elles ne pourraient etre un theme d 1 echange 
entre le personnel et le public. 

- Les rejets. Ce theme fait apparaitre la difference d 1 ordre de 
grandeur entre "1 1 inventaire du coeur" et le "terme source" en 
presentant les mecanismes spontanes de retention des 
radioelements completes par la retention des fil tres de rejets 
gazeux, en cours d 1 installation. 
Cette information montre que des reacteurs de puissances 
comparables peuvent rejeter, en cas d 1 accident, des quantites de 
radioelements tres differentes. Le role preponderant des rejets 
gazeux par rapport aux transferts de radioelements par les eaux 
souterraines est egalement mis en evidence. Une mention 
particuliere est accordee aux lodes et aux Cesiums. 

- La dispersion atmospherique. La situation pri vilegiee de la 
France et de l 1 Espagne lors de 1 1 accident de Tchernobyl n 1 a pas 
toujours ete comprise, voire admise. Une presentation des 
trajets de dispersion des rejets, tres changeants en fonction du 
regime des vents, est toujours appreciee. L 1 importance du lavage 
d 1 un nuage radioactif par la pluie justifie les heterogeneites 
de la contamination du sol entre deux regions voisines. 

L 1 organisation de la crise. L 1 importance du role de chaque 
membre du personnel en cas de crise dans une centrale nucleaire 
est mise en relief par la necessaire coherence des actions de 
chacun. 
Ce theme qui presente les 
d 1 Electricite de France et des 
rassurant particulierement pour 
classiques. 

organisations complementaires 
Pouvoirs Publics a un effet 
le personnel des centrales 

- Tchernobyl. La presentation detaillee de l 1 accident permet d 1 en 
montrer le caractere exceptionnel. 

Conclusions. Bien que l 1 operation ne soit pas terminee, elle 
apparait comme une remarquable reussi te qu 1 i 1 faudra entretenir. 
Deja des responsables regionaux d 1 EDF estiment necessaire de 
1 1 etendre aux 90000 agents des centres de distribution en faisant 
"parrainer" chacun d 1 eux par une centrale nucleaire. 
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