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IRPA

The International Radiation Protection Association (IRPA) is a world-wide international
association made up of individual members who are members of an affiliated national or
regional Associate Society.

IRPA now has more than 15.000 individual members in more than 35 Associate Societies
which are active in over 40 different countries.

The primary purpose of IRPA is to provide a medium whereby those engaged in radiation
protection activities in all countries may communicate more readily with each other and
through this process advance radiation protection in many parts of the world. This includes
relevant aspects of such branches of knowledge as science, medicine, engineering,
technology and law, to provide for the protection of man and his environment from the
hazards caused by radiation, and thereby to facilitate the safe use of medical, scientific and
industrial radiological practices for the benefit of mankind.

It is a major task of IRPA to provide for and support international meetings on radiation
protection. The Congresses of IRPA itself are the most important of these meetings. These
have been held about every four years since 1966.

1966 Rome, ltaly 1980 Jerusalem, Israel
1970  Brighton, UK 1984 West Berlin, FRG
1973  Washington, DC, USA 1988  Sydney, Australia
1977  Paris, France 1992 Montreal, Canada

For all Associate Societies of IRPA and individual members, it is an important objective to
attend the next International IRPA Congress in Vienna. For many other related professions it
is an excellent opportunity to communicate their achievements, scientific knowledge and
operational experience in radiation protection.

Professional training will be an important part of the Congress programme. Additional to the
scientific sessions, the IRPAS Congress offers a wide selection of refresher courses.

During the Congress the General Assembly of IRPA will be convened. As an adjunct to the
business function of this meeting, the Associate Societies Forum will take place.

IRPA and the Austrian host society, with the help of related international organizations and
the Associate Societies of IRPA, will provide support mechanisms for a substantial number
of qualified colleagues who otherwise would be unable to participate in the Vienna
Congress, solely for financial reasons. A particular reason for IRPA to hold the Congress in

Vienna is to enable a larger participation by colleagues from the Central and Eastern
European regions.

it is my privilege to invite you all on behalf of IRPA to the international IRPA9 Congress in
Vienna, Austria.

Charles B. Meinhold, IRPA President



| WELCOME ADDRESS TO THE PARTICIPANTS i

Dear Colleagues,

The preparations for the IRPA9 Congress in Vienna are finished and the proceedings being
printed. We have totally received almost 1000 abstracts from 52 countries, most of the
abstracts have been accepted for poster presentation, some also for oral ,mini-presenta-
tions“. The details of the scientific programme have been finalised by the scientific pro-
gramme committee. It consists of seven plenary lectures, including the ,Sievert Lecture" by
Dan Beninson, four parallel "Symposia" each day with 2 - 4 invited speakers, who will dis-
cuss general aspects and new developments of 16 particular topics in radiation protection.
There will be totally 12 "Mini-Presentations”, four in parallel on Monday, Tuesday and Thurs-
day, where selected poster authors present the salient points of their work, to be seen af-
terwards on the poster and discussed during the successive "Posterdiscussions". Friday will
be devoted to Chairmen Summaries, which will condense and recapitulate important trends
and new developments presented during the congress, to provide a complete overview and
the basic message of IRPA9. As during IRPAS8, there will be 16 early moming ,Refresher
Courses", four in parallel every day except Monday. So we can expect an excellent scientific
programme, bringing together world-renowned experts with a representative group of
today’s Radiation Protection Community.

To complete the scientific programme there will be an extensive Technical Exhibition
comprising all modern instrumentation in ionising and non-ionising radiation protection by
the leading manufacturers from all over the world. The exhibition will be located directly
adjacent to the conference rooms and the posters and open during the whole week.

in Montreal we have promised to spend every effort, that IRPA9 will enjoy a much larger
participation by our colleagues from the countries of the former "Eastern Block”, as it has
been possible for the previous IRPA Congresses. As a first step towards this goal, the or-
ganising committee, in agreement with the IRPA Executive Council has decided to reduce to
conference fee by 50% for participants from these countries. We are aware, that this alone
will not be sufficient, and therefore we raised Sponsoring money from different sources,
such as IRPA Associate Societies, IRPA8, the CEC, the Austrian government. Thanks to our
sponsors we have been able to additionally support about 100 colleagues from the Eastern
European Countries.

Apart from the scientific events, there will be an outstanding social programme, including a
Baroque Concert in the magnificent ceremonial hall of the Imperial Palace, and a special
performance of the worid-famous white horses of the "Spanish Riding School", shown in our
LOGO on the first page. There will also be a reception by the Major of Vienna at the Vienna
City Hall and a Congress dinner at a typical Viennese ,Heurigen-Restaurant®. There will be
plenty of other opportunities for cultural events, for the Ladies Programme and for pre- and
post-congress tours to particularly beautiful parts of Austria and it neighbouring countries.

So we look forward to welcoming you all in April 1996 in the magnificent halls of the
Vienna Imperial Palace and wish IRPA9 every success.

Klaus E. Duftschmid Herwig G. Paretzke
Chairman, Organising Committee Chairman, Programme Committee



Under the Patronage of
The President of
the Republic of Austria
Dr. Thomas Klestil




Welcome address to the participants

I greet all participants to the 9th Congress of the "International Radiation
Protection Association" and I welcome them very warmly to the Congress Centre
at the Vienna Hofburg Palace. I congratulate the Austrian Radiation Protection
Association (OVS) on the honourable task of organising this important
convention.

Ever since nuclear energy was first applied for peaceful purposes, radiation
protection has assumed increasing importance for the general public. In this
respect the Austrian Association, in cooperation with the other members of IRPA,
fulfils the important responsibility of raising the awareness of the public by
providing objective and honest information. In addition, I also would like to thank
you for your important work towards the task of deducing, from the body of
scientific knowledge, the appropriate suggestions on how the protection of the
population can best be guaranteed above all by means of effective legal
provisions in the various countries.

I therefore wish this 9th Congress of the IRPA every success in its debates,

analyses and resolutions!
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RISK OF RADIATION AT LOW DOSES

D. Beninson
Nuclear Regulatory Authority, Buenos Aires, Argentina

1. INTRODUCTION

Risk and risk sources have been increasingly studied in recent years. The essentials of risk
consist of a combination of the idea of loss with that of chance or probability. The idea of chance
is crucial: the inevitable can be utterly unpleasant but, lacking the element of chance, is not a risk.

Even without analyzing the different components of the concept of "loss", it should be
recognized that to be exposed to risk is not necessarily bad. The achievements of modern life
imply the exposure to several sources of risk, and past evolution would have been impossible
without the risk incurred by our ancestors.

A special type of risk, pertinent to our discussion, is exemplified by the health threats due to
low levels of natural or man-made chemicals and low radiation levels. It constitutes a risk very
difficult to analyze, not because the effects are unknown but because they are already very famili-
ar, and exposed groups only manifest a slightly increased frequency of such effects.

2. RADIATION RISK

At high doses ionizing radiation is clearly detrimental, the scene being dominated by the
deterministic effects, e.g. death via the acute radiation syndrome. There is no doubt here of the
causal relation between radiation exposure and effect. At somewhat lower doses, deterministic
effects are not produced but, if the exposed group of individuals is large enough, a clear increase
of induction of cancer over the spontaneous rate can be demonstrated. While the relationship
between radiation and cancer is quite clear in these cases, it is not possible to state with certainty
if a given individual will be affected or if a given case of cancer is the result of the exposure.

At even further lower doses, the observed relationship between radiation and cancer blurs due
to increasingly larger uncertainties, reaching a point where an effect, if it exists, can not be detec-
ted. Many discussions have stemmed from this fact, where defenders of the existence of a thres-
hold have claimed that no effect exists at all below such doses. This, of course, could be true but
certainly not because of the lack of observation.

2.1.  STATISTICAL DETECTABILITY AND CLAIMS OF THRESHOLD

Even assuming a non-threshold linear relation between risk (here used in a loose way
meaning probability as the considered effect is only cancer) and dose, the required number of
individuals, N, incurring a dose D, for achieving detectability increases steadily with a reduction
of dose. If all other influencing factors are kept constant, the excess number of cancers attributable
to radiation and its standard deviation are given by

Excess = rDN

¢ =y 2bN + rDN

where b is the "natural" risk of cancer, appropriate to the group under study, and r is the risk per
unit dose in the group.

In order to be detectable the excess must be larger than a stipulated number of standard deviations
(usually two, for a level of significance of about 95%). Therefore

rDN > 2 y/ 2bN + DN
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In most cases, the "natural" cancer risk is substantially larger than rD and therefore (2b +

D) is practically constant. It follows after a simple algebraic manipulation that, for that stipulated
level of significance,

D? N = constant

For example, if a given type of cancer has been shown to be related to radiation in a group of
a few thousands having incurred a dose of the order of 1 Gy, then to show the same relation with
doses of the order of 100 mGy one would require groups of a few hundred thousand individuals.

This argument is simplistic as it ignores most of the complicating factors involved in epide-
miological studies but is sufficient to dismiss most of the reported efforts to prove significant
thresholds. On the other hand, it must be recognized that epidemiological studies at the lower
dose, specially those of cancer types of smaller "natural” incidence can contribute to the progress
of our knowledge, but extreme prudence is required when the results are negative.

2.2. ANIMAL EXPERIMENTS AND THE DOSE-EFEECT RELATION AT LOW DOSE
Experiments with animals, usually small, offer the possibility of increasing the number when
necessary and to plan the exposures in order to cover the required range. Obviously the results are
not directly applicable to man (for example the observed slopes), but general information can be
derived on the shape of the dose-effect relationship and on the action of parameters thought to
influence the relationship.

On the other hand, the same problem of detectability appears at low doses. To improve (but
not solve) the situation, the experiments would require, as it is usually stated, too many "mice",
too much money and too much time to be practicable. Even if the experiments were possible, they
would always leave a region of dose where direct observations are not available, and it is that
region that interest us the most. The main issue is how valid are the extrapolations of results
observed at higher dose to the dark region.

2.3.  EXTRAPOLATION FROM DOSES AT WHICH OBSERVATIONS WERE MADE

Sometimes it is claimed that searching for the function that best fits the observations would
provide the solution to the extrapolation problem. This, of course is nonsense: there are infinite
functions that would pass exactly through all the points representing the observations.

In order to carry out regression analysis, it is necessary first to select the functions to be
tested. It is then possible to make conclusions about the goodness of the fit, to compare the two or
‘more pre-selected functions, etc.. It seems, then, unavoidable to conclude: a) neither epidemiology
nor animal experiments will establish the shape of the dose-effect relationship at low doses; b) if a
shape is selected on other grounds, they will help in obtaining values of the parameters applicable
to man and in testing the model when any new datum is obtained below the existing set of data.

2.4. CELLULAR AND MOLECULAR RADIOBIOLOGY AND THE MODEL
DOSE- EFFECT RELATIONSHIP

One common criticism against the use of modeling of the dose-effect relationship (on the basis
of the results of fundamental radiobiological research) is that the predictions made by such mode-
ling are "unscientific”, because of the lack of epidemiological data in the region of doses of the
prediction.

This criticism is in itself utterly unscientific. It is sufficient just to mention the discovery of a
new planet and the observation of the predictions of relativity to dispose of the criticism. While
some natural science is description of what is observed, most of it is the blend of modeling from
some observations, predictions sometimes leading to other observations, theoretical constructions
and searching for new and crucial experiments.

A very wide knowledge exists on the effects of radiation on cells. At present the consensus is
that for all effects of interest the target of radiation is the DNA. Energy deposition by ionizing
radiation occurs by ionisation and excitation. About half the energy deposited in the cells is due to

1-20



excitation, but this is of less consequence of ionisation. Energy deposited in DNA affects the
molecule either by direct ionisation or by the action of free radicals generated by ionisation in the
immediate vicinity.

The immediate effects of such energy deposition are the loss or damage of one of the bases or
a segmental loss in the DNA molecule. Sophisticated and efficient repair mechanisms become
operative and usually cancel the effect, except in a small proportion of cases, resulting in what is
called a misrepair.

The existence of the natural background of radiation reduces the importance of the dose-
response relationship at doses close to zero. Almost all the data on stochastic changes in cells,
irradiates "in vitro" with low LET radiation can be summarized and interpreted as follows:

a) at low doses (and even at higher doses but with low dose rates) it is very unlikely that more
than one ionizing event will occur in the relevant parts of DNA within the time the repair mecha-
nisms operate. Taking account of the Poissonian distribution of ionizing events, the small exponent

involved and a small fraction of misrepairs, the dose-response relationship will be linear, as in fact
it is.

b) at higher doses and dose rates, two ionizing events may be able to combine effects before the
repair mechanisms could cancel the effect of the first event, producing an enhanced probability of
DNA transformation, which is reflected by a dose quadratic term in the dose-response relationship.

Obviously, there is quite a distance between transformed cell and clinical cancer. There is, at
present, consensus that cancer initiates in a single cell. When the stem cells of a tissue are irradia-
ted, more than one transformation is likely to occur and the number of such transformations is a
Poissonian random variable with an average of NP, where N is the number of stem cells and P the
probability per cell of transformation. In turn this probability is a linear-quadratic function of dose.

It can be shown that, provided the transformed cell has a developing advantage (somewhat
shorter division time), the over ail probability that at least one transformed cell results in an
established clone that would grow without bound, is aiso related to dose by a linear-quadratic
relationship.

It should be noted that as the dose increases, another cell effect becomes competitive with
transformation: interference with cell division and cell death. This would result in a decrease of
the probability of inducing cancer.

2.5. LINEAR-QUADRATIC RELATIONSHIP AND EPIDEMIOLOGY

Good epidemiological results (at high doses and dose rates) correspond presumably to the
region of dose where the effects are most probable. It is interesting to predict the location of this
region of dose using the linear-quadratic relationship:

P=(@D + bD?ecP

where p is the probability of cancer, a and b are constants and the factor e°D is the survival
fraction of exposed cells.

Deriving and equalizing to zero, the following expression can be obtained:

2.,

cD =
+D

m

oim [T

where D, is the dose that maximizes the probability of induction of cancers.
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Without indulging in discussions of the values of a and b, one can take two extreme cases: in

one the ratio % is assumed to be vanishingly small compared to D, and in the second ratio

% is assumed to be very much larger than D;,. For these two cases the product cD,, would tend

to the values of 2 and 1 respectively. The cell killing coefficient ¢ has been experimentally mea-
sured for many tissues, and for humans a value of 1 Gy'! can be taken as typical.

It follows that the region of dose with good epidemiological results is predicted to be between
one and two gray, in very good correspondence with reality.

A very important issue in the evaluation of the risk (probability of attributable cancer death)
per unit dose at low doses, is the extrapolation to the low dose region of the epidemiological
observation at high doses and dose rates. A usual procedure is firstly to assume a straight line
between the observation and the origin of the coordinates and then divide the resulting slope by the
so-called Dose and Dose Rate Effectiveness Factor.

In terms of the linear-quadratic relationship, the risk (probability of attributable cancer death)
at a high dose D with high dose rate extrapolated linearly to the origin would give a slope of a +
bD, and the DDREEF is given, therefore,

by the ratio

a +bD
a

DDREF =1 + 2D
a

It can be observed that the factor will increase linearly with D, the dose at which the epide-
miological results apply. At typical values, where the linear component of the relationship contri-
butes to the probability about the same than the quadratic in the vicinity of one gray and taking the
range of observations as one to two grays, the factor appears to be in the range of two to three.
This range of values agrees well with many reported human data. Animal experiments that have a
wider range of factors, have also a range of doses greater than the human experience.

2.6. CRITICISM OF THE LINEAR NON-THRESHOLD RELATION

As always with emerging solutions of scientific issues there is a main stream of consonant
opinions and voices of dissent. The dissent is sometimes a valid scientific discussion but in other
cases reflects an assortment of gut feelings, reactions to public opinion and even interests.

a) Scientific discussions

Of the many issues raised, two recent ones are dealt with here. One stems from the genetics
of cancer development and the other from consideration of the "adaptive" response to radiation.

It has been shown that several mutations are required for transformation and acquisition of
malignancy of given cancer types. If this is true, the argument goes, then radiation cancer proba-
bility should be strongly curvilinear with dose with negligible risk at low doses. If the target for
each mutation requires at least one ionizing event then the probability of mutation can be expressed
as [1 - e*¥P] and for similar n targets the overall probability P will be given by

P =[1-¢ckDp

With usual values of k (mutation rate per unit dose) and with n having reported values
ranging from 2 to 7, the argument seems quite correct. However it should be remembered that
there are also "spontaneous” mutation rates for the same targets. These rates must be substantial to
account for the cancer frequency prevailing in man. The radiation attributable cancer probability is
then given by the difference
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AP =[1- e-(St + kD)]n -1 - e—St]n

where S is the rate of spontaneous mutation of a target and t the age. Two basic concepts emerge
from the analysis and graphical representation of the above expression: a) provided St is substan-
tially larger than kD, then the radiation attributable risk AP appears to be linear with dose. b) it is
necessary to have important spontaneous mutation frequencies to experience radiation risks at low
doses. Our risk values per unit dose would then be valid for our present environment.

Another scientific argument against the linear-quadratic relationship (which at low doses or
low dose rates becomes the linear non-threshold relation) relates to the denominated adaptive
response to radiation. It has been shown by experiments involving irradiation following a pre-
given dose, that repair mechanism can be stimulated and the repair rate increased. This, it is
claimed, would completely change the shape of the relation at low doses.

The issue is very complex. An increased rate of repair could also increase the rate of misre-
pairs, being the misrepairs a fraction (small) of the repairs. In an extensive analysis, UNSCEAR
has concluded that "Extensive animal experiments and limited human data provide at present no
evidence to support the view that the adaptive response in cells either decreases or increases
human risk at low doses".

b) Other types of criticism:

It is difficult even to attempt to classify all the non-scientific criticism raised against the linear
non-threshold relation. In most of them one can find elements of arrogant ignorance, apparent
concern for the peace of mind of the public and gut feelings.

In many cases the criticism is only one component of a larger "defense" of a particular risk
source. This is particularly the case of nuclear power, which does not need nor it deserves these
self-appointed defenders. Even the more honest types of such defenders indulge in statements such
as "if the public would just know the facts (of course not presented as the radiation protection
community would present) then"... .

Some criticisms are really requests for "putting the risk in perspective”, referring to a risk
source, usually nuclear power. Since a risk source has many attributes, the comparison must
involve comparable attributes. An essential fact, many time ignored is called the principle of
"ceteris paribus”, which means that all factors which are not explicitly presented in the risk
characterizations must be mutually equivalent, in a valid risk comparison.

3. CONCLUDING REMARKS

The linear non-threshold relationship, is at present the best tool to predict the risk probability
of radiation at low doses. It fulfills all the requirements to be considered "realistically representati-
ve", using modeling terminology.

Practical decisions can be made under this relationship, and the radiation protection system
recommended by the ICRP provides a method for such decisions.
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ONE HUNDRED YEARS OF X RAYS AND RADIOACTIVITY--
RADIATION PROTECTION: THEN AND NOW

Charles B. Meinhold
Brookhaven National Laboratory, Upton, NY 11973-5000
and
National Council on Radiation Protection & Measurements, Bethesda, MD 20814-3095

It is not particularly remarkable that this topic was one that I chose for an IAEA Symposium which I
presented in 1974 (1). My thesis in 1974 was that the basic recommendations and regulations on dose limitation
were unchanged from the early 1920s to the date of that lecture. What is remarkable is that during the middle to
late 1970s the basis for such recommendations changed to a scientific approach based on risk, and as a result, the
recommendations have been under change and modification ever since, although perhaps, as we will see, we may
be at a point of some stability once again. I will retum to the historical developments, particularly relevant during
this Congress when we are celebrating the discovery of the X ray by William Conrad Roentgen just 100 years ago
this past November, and the discovery of radioactivity by Becquerel 100 years ago last month. You should also
understand that much of this presentation will focus primarily on activities of both the National Council of
Radiation Protection and Measurements (NCRP), with particular emphasis on the International Commission on
Radiological Protection (ICRP).

Of course, man has evolved in a sea of ionizing radiation. Enhanced exposure to natural radiation took place
the first time man moved to a cave where the radon progenies were there for him to inhale. The first occupational
exposure that we can trace back in recorded history was to the miners of Joachimsthal and Schneeburg in the 15th
and 16th Century Czechoslovakia and Saxony who developed lung cancer from breathing radon progeny while
mining for lead (2).

In the middle to late 1850s, gas-discharge physics was a hot topic and the source of wide-ranging
experiments in virtually every physics laboratory. These tubes could be found in every high school science
laboratory and in any university physics laboratory. On November 8, 1985, Wilhelm Conrad Roentgen was
working in his Wirzburg laboratory with a Crookes discharge tube. As he was adjusting the high voltage on his
gas-discharge tube that he had covered with dark cardboard, he saw his screen of florescent materials lying on the
table nearby fluoresce. He realized that he was observing the results of a highly penetrating ray, which he called
the X ray. He spent the next two months carefully investigating in detail the properties of this new X ray. During
this period, he discovered virtually all of the classical physics properties of the X ray. During these two months
he told no one about this discovery except for an anecdotal story which relates that his wife was complaining
about his missing meals and being extremely introspective and uncommunicative. Roentgen reportedly took her
to his lab where he took an X-ray photograph of her hand - to her complete astonishment and to his great relief --
he was not, after all, losing his mind! He submitted a paper describing his observations in less than 60 days,
during December of 1895 (3). The results of his work were reported in the popular press in Vienna on January 5,
and in London and New York by the middle of January 1896. Everyone who owned a gas-discharge tube learned
that if they applied high enough voltage they could generate X rays. Thomas Alva Edison was one of the first to
see the potential commercial applications of these X rays. For example, in early February, he began a highly
publicized attempt to X ray the human brain. Edison had hoped to market an X-ray light bulb, but eventually
came to understand the inherent dangers associated with such practices when his assistant, Clarence Dally, died in
1904 as a result of his excessive exposures (4). Dally’s death, which was widely reported, had a sobering effect
on all of those who were using X rays. In fact, Edison completely stopped working with X rays at this point,
although he had already developed a hand-held fluoroscope (5).

When Antoine Henri Becquerel learned of Roentgen’s discovery of the X ray using fluorescent materials, he
was determined to study these processes in more detail. The material Becquerel chose to work with, fortunately,
was a double sulfate of uranium and potassium, which he exposed to sunlight and then placed on photographic
plates wrapped in black paper. When developed, the plates revealed an image of the uranium crystals (6). His
conclusion was that “The phosphorescent substance in question emits radiation which penetrates paper opaque to
the light.” He believed that the sun’s energy was being absorbed by the uranium which then emitted Roentgen’s
X rays. However, because the weather was poor on the 26th and 27th of February, Becquerel returned to a desk
drawer the uranium-covered plates that he had intended to expose to the sun. On the first of March, when he
developed these plates, he expected only very faint images. To his surprise, however, they were clear and strong.
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He now realized that the uranium itself was emitting radiation without an external source of energy, and he had
discovered radioactivity (7). All by the first of March 1886.

Marie and Pierre Curie, quickly realizing the importance of Becquerel’s findings, separated the uranium
from pitch blend and eventually found the elements radium (8) and polonium (9), which they laboriously
separated from the ore over a period of four years. By 1902, they had a tenth of a gram of radium. During this
period, Henri Becquerel had obtained a sample of radioactive material from the Curies, which he placed in a
waistcoat pocket. He observed that having worn this waistcoat for less than six hours, he had received a deep
burn on his chest (10). He recognized that if this could be destructive to healthy tissue, it should also be
destructive to cancerous tissue. As a result of his and the Curies’ work, radium followed the same path as X rays
in the development of both the medical and nonmedical use of radiation.

By and large, it was the medical community that recognized the enormous potential of the X ray and radium.
It was interesting that medicine at that time was dealing with a difficult problem of the use of electrotherapy.
Although this practice was being discouraged by the medical community as a whole, the practitioners were still
there, and their equipment was ideally suited to the generation of X rays.

During the next few years, medical use of the X ray expanded rapidly, and indeed, this became known as the
era of “bullets, bones, and kidney stones.” The physicians realized from the beginning that while the medical
benefits were unlimited, there were potential hazards from radiation exposure. There were reports in the scientific
literature and in the popular press of ulcers that did not heal and scores of skin burns, both among the patients and
the physicians (11). The first ulcerating skin lesion was reported by an electrotherapist named Grubbé on January
26, 1886, within a month of the discovery of the X ray (12). By 1915, only 15 years after the introduction of the
X ray, both the German Radiological Socicty and the British Radiological Society had prepared recommendations
for physicians on avoiding unnecessary exposure (13). Although these rules were not very definitive, they
demonstrated that the societies understood that there was a problem.

As indicated above, the medical community had adopted this technology, and once a medical association
takes ownership of a modatity of this kind, they tend to protect it as their own. In the United States, and pretty
much in England and in France, a physicist could not publish an article unless he had a physician sponsoring the
paper. As aresult, most of the literature was related to clinical effects and to clinical use. The situation was
different in Germany, where physics and medicine grew up together, and the medical community embraced the
physics community as its equal. This was primarily because medicine was more heavily regulated in Germany
than it had been in these other countries.

Protection advice was not heavily organized until, in 1921, the newly organized X-Ray and Radiation
Protection Committee in England presented a set of detailed recommendations as rules that every physician was
expected to use (14). The pressure for these recommendations resulted from the development of the hot cathode
tube by Coolidge, an engineer at General Electric (15). This tube was able to produce much higher currents and
much higher energies. Many of the radiologists now recognized the significant hazard that the use of this
equipment posed for them and their patients. Second, World War I had just ended, and hundreds of X-ray
machines, mostly with the new Coolidge tube, had been used in the battlefield and were implicated in the many
reports in the public press about anemia in the returning soldiers.

It is interesting to note that these military X-ray machines had an enormous impact on the course of radiation
measurements as well. The Army Quartermaster Corps wanted to be certain they got what they paid for, i.e.,
these battlefield machines had to meet military standards. As a result, the National Bureau of Standards was
called upon to provide standards, and the physicists involved became more interested in measurement and
quantification than had the physicians who had depended upon the redness of skin and whether or not they
obtained a good image (16).

Radium commerce also had an impact on measurement. The only way one could specify the quantity of
radium was through detailed measurement, which at $100,000 per gram, was very important. Commerce ensured
that, at last, there was attention being paid to the measurement of radiation and radioactivity.

In 1922, Mutscheller, in the United States, and Sievert, in Sweden, were concerned about the adequacy of
radiation protection. Mutscheller visited a number of well-run clinics in New York City and found that they
could operate quite well without anyone being exposed to more than .01 of an erythema dose in 30 days (17).
The erythema dose, which is the dose to cause reddening of the skin, had become a common measure of exposure
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at this time, primarily since there was no generally accepted physical measurement. Nearly every X-ray operator
knew how long it would take to develop an erythema at given locations around their X-ray facilities. At the time
Mutscheller made this recommendation, Sievert, in Sweden, arrived at a recommendation of .1 erythema dose in a
year (18). It is remarkable that these two independent investigators ended up with virtually the same number.
Inherent in their recommendation is the concept of a threshold dose. For example, Mutscheller stated, "for in
order to be able to calculate the thickness of a protective shield, there must be known the dose which an operator
can, for prolonged period of time, tolerate without uitimately suffering injury." Mutscheller’s assumption of a
"tolerance" level is consistent with the classical threshold response curve so common in toxicological studies. In
fact, it is the kind of relationship we see now in most toxicological studies.

In 1925, the International Congress of Radiology at its meeting in London, formed an X-ray unit committee
which was to become the International Commission on Radiation Units (ICRU) (19). Even at the time of
formation, the international society recognized the need for an internally accepted definition of an exposure
quantity. In 1928, the International Congress held in Stockholm adopted a recommendation from this new
committee that defined the Roentgen as “the exposure when the X- or gamma- ray field produces 1 e.s.u. of
positive charge and 1 e.s.u. of negative charge in 0.00129 grams of air” (20). This definition remained essentially
unchanged for 50 years.

At the Stockholm meeting, the International Congress formed the origins of the International Commission on
Radiological Protection, the Advisory Group on X-ray and Radium Protection. The U.S. representative to that
meeting was Dr. Lauriston S. Taylor, of the National Bureau of Standards. Dr. Taylor was instructed to return to
the United States and form a similar organization for the United States so that they could bring a unified position
to the future meetings of International Congresses. Taylor returned to the United States and formed the origins of
the National Council on Radiation Protection (the U.S. Advisory Committee on X-ray and Radium Safety).
Lauriston Taylor was to chair this advisory committee and its successor organizations, the National Committee on
Radiation Protection and Measurements and the National Council on Radiation Protection and Measurements, for
49 years until his retirement in 1977.

Shortly after the ICRU provided the definition of the Rontgen, both the International Commission on
Radiological Protection (ICRP) and the National Council on Radiation Protection and Measurements (NCRP)
made recommendations dealing with exposure levels. The ICRP recommended no more than .2 R/day (21). This
is a reasonable measure of the exposure that would result in about .01 of the erythema dose in thirty days. What
they had done was to adopt, in a way that could be measured, what Mutscheller and Sievert had recommended
earlier. This recommendation, although quantifiable, was still based on skin reddening. Three years earlier, in
1931, the NCRP recommended .1 R/day (22). The ICRP recommendations applied to measurements made at the
surface of the body, while the NCRP recommendations applied to measurements made free in air. Measurements
of exposure made at the surface of the body with low energy X rays would indeed be just about twice what they
would be free in air. In fact, the NCRP and the ICRP recommendations provided virtually the same level of
protection.

Dr. Failla noted, in the 1960 hearings before the U.S. Congress’ Joint Committee on Atomic Energy, that he
endorsed a limit of .1 R/day based on his observation that two technicians who received that level of exposure
showed no observable effects and this limit could thereby be judged to be safe (23).

In the middle 1920s, there were a number of young women working as radium dial painters in New Jersey
and elsewhere who tipped their brushes between their lips -- the famous radium dial cases. A New York dentist,
Theodore Blum, noted in a three-line footnote to a paper on osteomyelitis of the jaw that he had seen what he
termed "radium jaw" in a girl working in a New Jersey dial-painting plant (24).

Much of the early attention to the dial painters came from the National Consumers League, which began
under Florence Kelly, and became a virtual crusade (25). By the end of 1926, most of the dial painting intakes
had stopped; however, the medical and quasi-medical use of radium and its emanation products were booming.

In 1932, a prominent steel executive named Eben Byers, who was a well known amateur golf champion, died of
excessive use of a patent medicine, Radithor. Since each one-half bottle contained one microcurie of 226-Radium
and one microcurie of 228-Radium, it is not surprising that Mr. Byers' habit of ingesting four bottles per day over
an extended period of time resulted in radium poisoning (26). The Los Angeles County Health Department
simply could not understand how such a thing could be happening in California, so they went to the California
Institute of Technology, where they were put in touch with Robley Evans. This began a long and careful analysis
of the effects of radium in bone. By 1941, Evans had stadied twenty-seven cases of Radium ingestion, and noted



that there were seven cases with residual body burdens below 0.5 micrograms of Radium and no injuries, and 20
with 1.2 to 23 micrograms with various degrees of injury. He presented this data to the Advisory Committee on
X-Ray and Radium Protection. Their consensus opinion was that they would accept Dr. Evans' suggestion of .1
microgram (.1 microcuries) of radium as a level "we would feel perfectly confident if our wife or daughter were
the subject” (27). This value was published in NBS Handbook 27, March 2, 1941.

Eisenbud has made the point that I will reiterate here, that it was remarkably fortuitous that, before Pearl
Harbor and just after the discovery of plutonium, the community had at its disposal two recommendations, an
external exposure limit of .1 R/day and body burden limit on internally deposited radium of .1 ug Ra. Without
these numbers, it is hard to imagine what the consequences to workers might have been during the Manhattan
Project.

During the Second World War there was extensive research in radiation biology going on in places like Oak
Ridge, the University of Rochester, the University of California at Berkeley, and the University of Washington, to
try to obtain information on the effects of ionizing radiation. Data was obtained on dose and dose rate effects,
depth dose, R.B.E.s, radionuclide metabolism, and dosimetry. Perhaps the most influential radiation protection
recommendation to come out of this work was that developed by a committee at the Tripartite Conference
Meetings held among scientists from Canada, the United States, and Great Britain, countries with access to
extensive wartime data (28). They brought their recommendations to the ICRP and the NCRP in the late 1940s.
By the middle 1950s, both the NCRP and ICRP had produced new sets of dose limits derived from all the data
obtained during World War II (29,30).

They recommended 600 mrem per week for the skin, and 300 mrem per week for other organs. I was
fascinated to realize that .1 R/day is .6 R/week, which is 600 mrem per week, which means that the 600 mrem per
week for the skin is based on the .01 of the erythema dose of 1928. The 300 mrem per week limit is more
interesting. If the body is irradiated with 150 kV X rays, the dose at a depth of 5 cm is just about half of that at
the surface. If protected by a limit of .1 R/day with soft X rays, the limiting dose to the organs at 5 cm would be
.05 R/day. If, however, the body is irradiated with high-energy gamma rays, and the same level of protection is
desired as that with 150 Kv X rays, then the limit for the skin must be 600 mrem/wk (.1 R/day) and one half of
that value or 300 mrem/wk (0.5 R/day) for the organs taken to be at 5 cm.

Starting in about 1954, we entered a new era characterized by weapons testing and the public response to it.
Perhaps one of the most important contributors to the public’s fear of radiation can be traced to the worldwide
reaction to the fallout from the Bravo Weapons Test on Bikini in March 1954. The subsequent plight of the crew
of the Lucky Dragon fishing vessel made headlines, and was coupled in the U.S. with the Life magazine cover
published on April 29, 1954 depicting, for the first time, a thermonuclear explosion. Now people all over the
world became concerned about radioactive fallout. Specifically, there were two individuals in the U.S. who led
the scientific community in expressing concern: Mueller, a geneticist, who had been speaking about the linearity
of genetic effects even during the late 1930s, and Linus Pauling, who worried about internal exposures. As a
result of the public concern about fallout, a National Academy of Sciences Committee on the Biological Effects of
Atomic Radiation (BEAR) in the United States and the Medical Research Council (MRC) in the United Kingdom
were asked to review the radiobiological data (31,32). Both committees came up with about the same estimate of
detriment, having focused their attention on genetics. They said that it was unlikely that all of man's suffering and
pain from genetic abnormalities came from natural radiation background, but that some of it did. Such a
consideration bracketed the genetic risk since they knew the natural radiation background levels and the natural
incidence of genetic effects. Based on this analysis, both committees came up with an estimate that suggested
individuals (workers) should not receive more than 50 rem to age 30 and another 50 rem to age 40. (The MRC
actually recommended 50 R to age 30 and 200 R lifetime). For the population the BEAR Committee suggested a
limit of 10 rem to age 30 for all exposure except natural background. 1 might add that I was able to discuss this
with Eugene Cronkite many years ago. Dr. Cronkite was Chairman of the Hematological Effects Subcommittee
of the BEAR Committee at the time of the preparation of the 1956 report. I asked him if the recommendations on
exposure limitation came from considerations of the radiologists who had been shown to have an excess
incidence of leukemia. He answered that the dosimetry was so uncertain that they could not estimate the dose nor
the risk per unit dose associated with leukemia among the radiologists. He noted that what they did decide was
that they would accept the genetic panel recommendations, and the Academy recommendations were therefore
based almost entirely on the genetic estimates based on a linear extrapolation.

The NCRP and ICRP had to decide the way in which they would recommend that the worker be protected
under these new recommendations (33,34). As we know, the answer was an annual limit of (age - 18) X 5 rem,
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which delivered 60 rem to age 30, etc. The whole-body limit was 3 rem/quarter and (age - 18) x 5 and 15
rem/year for individual organs. By the way, 300 mrem/wk for 50 weeks results in 15 rem/year. Again, the organ
limit of 15 rem finds its way back to .01 of the erythema dose in 30 days.

As noted above, my thesis on this subject in 1974 was that there was not a very strong scientific basis for our
dose limits. However, this situation changed dramatically by 1977. This was a result of information that came,
not in 1977, but from the period 1960-77, and was based primarily on data that was becoming available from the
Japanese survivors of the atomic bombing of Hiroshima and Nagasaki who had been under study from the time of
the bombs. This study is performed by the Radiation Effects Research Foundation (RERF) under sponsorship by
the U.S. Department of Energy (DOE) through the National Academy of Sciences and by the Government of
Japan.

I would like to stop here for a moment because everyone should understand the enormous contribution those
survivors and the government of Japan have made by their continuing participation in this study. I should add
that funding for continuing this important work is now is in question by the U.S. DOE, and it is incumbent on us
all to see if we can help to maintain it and to support the absolute necessity for the RERF Directors and Scientific
Councillors to set the rescarch agenda.

The United Nations Scientific Committec on the Effects of Atomic Radiation (UNSCEAR) and the National
Academy of Science’s Biological Effects of Ionizing Radiation (BEIR) Committee review the data that comes
from RERF. The UNSCEAR was a product of the same issue that brought about the 1956 NAS BEIR
Committee: worldwide fallout from atmospheric nuclear weapons tests. It was created by the United Nations
General Assembly in December 1955. The UNSCEAR noted that in 1962 the incidence of solid cancer in the
Japanese survivors was slightly greater than might have been expected in that population if it had been
unirradiated, but that excess leukemia was clearly evident (35), and in 1964, they estimated that other cancers
were about equal to leukemia (36). In the early 1970s, they estimated that other cancers were about two times
leukemia (37). In 1977, the UNSCEAR provided a fatal leukemia risk estimate of 2 x 107 per rem and a total
fatal cancer risk estimate of 1 x 10" per rem, i.e., the solid tumor risk is about five times the leukemia risk (38).

Based on its own review, the ICRP adopted in 1977 total nominal risk of fatal cancer of about 1 x 10**/rem
(39). They then compared this radiation risk with the average risk of accidental death in safety industries. In safe
industries at that time, one person in ten thousand died each year (1 x 10*/year) from accidents, and the ICRP
suggested that the radiation workers ought to have at least that level of protection. The ICRP then set a limit of 5
rem/year on the expectation that most people who were protected by a limit of 5 rem/year would be unlikely to
exceed 1 rem/year, and, therefore, the average risk fatal cancer will be the same as that for workers in safe
industries. In addition, the ICRP suggested that the annual limit on intake (ALI) of radionuclides be based on the
specific fatal cancer risk of each tissue results from that intake over the next 50 years. Inherent in the total risk
approach is the need to combine internal and external radiation.

The recommendations of the ICRP Publication 60 are based on further changes (40). In 1986, a later set of
data from Japan became available which suggested two things. First, there is evidence of increased risks based on
new dosimetry and some additional solid cancers. This new data also gave further evidence that cancer from
exposure to radiation follows a multiplicative projection model, i.e., attributable cancers will occur at the age they
would if there were no exposure, so it isn't until people approach their mid-seventies that these cancers are likely
to occur. The ICRP and NCRP have adopted this new risk projection model. Having such a model is needed to
estimate what is going to happen to the Japanese survivors over the next 40 years or so. The ICRP and the NCRP
had both used an additive model prior to 1990. It is very clear from the Japanese survivor data that exposure to
radiation at high dose rates results in excess cancer. You will note "high dose rate" since the doses that show
these excess cancers are about 1 Sv, but 1-2 Sv is on the order of the lifetime exposure we might expect for the
most highly exposed radiation workers. Therefore, we are talking about an extrapolation from high dose rates to
low dose rates, and we must ask the question of whether there is time for recovery and repair which might alter
our estimate of risks at lower dose rates. ICRP's Task Group on Risk, chaired by Dr. Arthur Upton, suggested
you might be able to reduce estimates from very high doses (dose rates) by about a factor of two to get the best
estimate in the risk at low doses (low dose rates) (41). The NCRP Committee on Risk, chaired by Dr. Michael
Fry, suggested the risk at high doses (dose rates) could be reduced by a factor of two to three (42). What all this
means is that although we now are on a very firm basis in stating that there is excess cancer in the Japanese, we
still have concern about whether we are overestimating the risk by a factor of two or three, or underestimating it
by about the same factor. But at least this gives us confidence that we have a fairly firm understanding of the
risks that people face. In fact, the latest data from the former Soviet Union suggest that this reduction factor
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might be about three (43). As we apply these risk estimates to deriving dose limits, the ICRP and the NCRP
recognized that the risk estimates had increased by about a factor of four since 1977, when ICRP Publication 26
was published. Since the annual limit was 5 rem in 1977, they might logically have been expected to divide by
four and obtain a new limit of 1 rem/yr. The ICRP did note, however, that the new projection model also changed
the most likely age of death from an attributable cancer. That changed from an expectation of death in the middle
sixties to expectation of death in the late seventies. As aresult, the ICRP felt it was important to base the limit on
the risk to the most highly exposed individuals (for whom the limit is needed). In this regard, they also noted that
the risk of accidental death in industry has been decreasing by ~2% per year. "Safe” industries are now at ~5 x
107 rather than 1 x 10 yr'. Rather than using the safe worker criteria, the Commission felt that it was more
appropriate to base their limits on a comparison with an individual worker at the upper end of safe industry risks.
This turned out to be about 10*/year. On this basis, the ICRP recommended a limit of 106 mSv over 5 years and
the NCRP recommended a limit based on age in tens of mSv, i.e., if you are 45, you shall not have a cumulative
dose >450 mSv (45 rem).

These approaches are tolerable for the rare individual operating at the dose limit, but are totally unacceptable
to use for any kind of average exposure for individuals who are working in the industry. It is for this reason that
both the NCRP and the ICRP stress that the dose limits themselves are entirely unsatisfactory as a basis for
designing a protection system and that optimization should be the focus of our efforts.

The data on exposure to workers and the general public demonstrate the remarkable effectiveness in the
application of the optimization philosophy. We can rest assured that the breathtaking advances in medicine and
industry can flourish for the benefit of all mankind.

It is only the fear of radiation engendered by incidence the fallout from atmospheric weapons testing (the
Lucky Dragon incident), reactor accidents (Three Mile Island, Unit 2), and reactor disasters (Chernobyl) which
threaten to derail this remarkable resource. It is essential that those of us in the radiation protection sciences begin
to understand public perception and public value so that we can be active and effective participants in public
decision-making efforts.
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ASSESSMENTS BY UNSCEAR OF RADIATION SOURCES AND EFFECTS

B.G. Bennett
United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), Vienna, Austria

ABSTRACT

Since 1955, the United Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) has evaluated the exposures of the world population to the various sources of
ionizing radiation and from available radiobiological and epidemiological data has assessed the
health effects and risks of radiation. The latest scientific evaluations of the Committee were
published in the UNSCEAR 1993 and 1994 Reports. In this paper a summary is presented of the
main results of analyses in each of the scientific annexes of these reports.

EXPOSURES FROM NATURAL SOQURCES OF RADIATION

The assessment in the UNSCEAR 1993 Report [2] of the annual effective dose from natural
sources of ionizing radiation in areas of normal background has not changed from the previous
estimate of 2.4 mSv provided in the UNSCEAR 1988 Report [1], although there have been minor
adjustments in the various componenis. One third of the total is due to external exposure to
cosmic rays and terrestrial radionuclides and two thirds to internal exposure. The largest
component of exposure, half of the total, is from radon and its decay products.

Additional data have been compiled from national surveys of external exposure rates and of
radon concentrations. The population-weighted average dose rate in air in areas of normal
background is 57 nGy h! outdoors and 80 nGy h™! indoors. The indoor-to-outdoor ratio is thus
1.5, but the ratio can vary from less than 1 for lightweight houses to around 2 when the
construction materials make substantial contributions to exposures. The concentration of radon
is typically 10 Bq m™ outdoors and 40 Bq m indoors. In tropical areas with houses of lightweight
construction and high ventilation, there should be little difference in indoor and outdoor levels.
There are, however, too many factors that determine the concentrations, and measurements are
necessary in all areas.

The dosimetry of radon is presently under review. UNSCEAR has retained the assumptions
used previously, namely equilibrium factors of 0.4 indoors and 0.8 outdoors and a dose conversion
factor of 9 nSv h! per Bq m™ of equilibrium equivalent concentration (EEC) of radon. With these
parameters the average annual effective dose from radon and its decay products is estimated to
be 0.13 mSv for exposures outdoors and 1.0 mSv for exposures indoors. The average annual
effective dose from inhalation of thoron (**°Rn) and its decay products is 0.07 mSv.

UNSCEAR has assessed the natural radiation exposures resulting from energy production
using coal, oil, peat, natural gas and geothermal energy and the use of phosphate rock in fertilizers
and building materials and of mineral sands. The highest exposures result from the use of
phosphate by-products in buildings, the domestic use of coal for cooking and heating, and the use
of phosphate fertilizers. The overall annual effective dose from all such sources averaged over the
world's population is 0.02 mSv.
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EXPOSURES FROM MAN-MADE SOURCES OF RADIATION

The assessment of the radiation exposures caused by releases of radionuclides to the
environment from man-made practices or events has been updated in the UNSCEAR 1993 Report.
Atmospheric testing of nuclear weapons resulted in the largest releases of radionuclides into the
environment from man-made sources. Most of the testing occurred in 1952-1958 and 1961-1962.
The last atmospheric test was conducted in 1980. From the many measurements that have been
made throughout the years, UNSCEAR has evaluated transfer coefficients relating the input of
radionuclides into the atmosphere to the resulting dose to humans. The collective effective dose
to the world's population from atmospheric nuclear testing is estimated to be 30 million man Sv.
Of this total, 86% is due to long-term, low-level exposure from !*C. The contributions to dose in
decreasing order of importance are “C, 1¥'Cs, ®Zr, %°Sr, '%Ru, **Ce and *H. Only residual
irradiation from '4C, 137Cs, ®°Sr and *H remains to be received by the present and future world
population. The collective dose from this practice is equivalent the 2.4 years of exposure of the
present world population to natural radiation sources.

There has been an increasing trend in electrical energy generation by nuclear reactors since
the practice began in 1956. At present, about 20% of the world's electrical energy is generated by
nuclear means. At the end of 1994 there were 432 reactors operating in 29 countries. During
routine operation of installations associated with the nuclear fuel cycle (uranium mining and
milling, fuel fabrication, reactor operation, reprocessing and waste disposal) radionuclides are
released to the environment. The data on radionuclides released are quite extensive and complete,
especially for reactor operations.

There have been generally decreasing trends in normalized releases of radionuclides from
nuclear fuel cycle installations as operating practices have improved. This has meant that the trend
in collective dose to the world population has been increasing somewhat less than the trend in
electrical energy generated. The estimate of collective dose from nuclear power production was
43,000 man Sv during 1990 and 400,000 man Sv for the entire period 1956-1990. Even when the
collective dose caused by the Chernobyl accident (600,000 man Sv) is added, the total collective
dose has been just 8% of that which the world's population receives in one year from natural
radiation sources.

Other man-made sources of radiation exposures caused by releases of radionuclides to the
environment that have been assessed in the UNSCEAR 1993 Report include exposures to local
populations near the Semipalatinsk, Nevada, Australian and Pacific nuclear test sites, exposures
from underground nuclear testing, exposures from nuclear weapons fabrication, exposures from
radioisotope production and use and exposures from accidents at the Three Mile Island and
Chemnobyl reactors, Kyshtym and Windscale plutonium production plants, crashes of airplanes
carrying nuclear weapons, satellite re-entries and lost or mishandled radiation sources, as at
Goiinia.

MEDICAL RADIATION EXPOSURES

The use of x rays and radiopharmaceuticals for diagnostic examinations and therapeutic
treatments is quite common throughout the world. Most of the equipment and the procedures
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performed are in industrialized countries, in which 25% of the world's population is located.
UNSCEAR has assessed the exposures from medical radiation exposures from information
obtained in questionnaires distributed to all countries. Four regions of health care have been
designated, based on availability of facilities, and the data have been extrapolated to the world's
population. The variations in medical radiation exposures among individuals are great, ranging
from no dose to those not examined or treated to high doses to those receiving therapeutic
treatments. The largest portion of the total dose from medical radiation sources arises from
diagnostic examinations due to their relatively high frequency. At the highest level of health care
the annual effective dose averaged over the population from all diagnostic examinations is
1.1 mSv. The comparable value is 0.05 mSv at the lowest level of health care. The population-
weighted world average is 0.3 mSv, and the annual collective effective dose is 1.8 million man Sv.
The collective effective dose from medical radiation usage has been evaluated to allow
comparisons among countries and the evaluation of trends. Much, and optimally most, of the
collective dose from medical uses of radiation is offset by direct benefits to the examined or
treated patients.

OCCUPATIONAL RADIATION EXPOSURES

Occupational radiation exposures have been assessed from data submitted to UNSCEAR
by national authorities in response to questionnaires. The data summarized in the UNSCEAR 1993
Report are quite extensive. Five-year average data for various occupations are reported for the
period 1975-1989. The exposures from man-made sources are given the most attention; these data
are usually required in countries for regulatory purposes.

The collective effective dose depends on the average individual doses and the number of
exposed workers. The highest component of collective dose from man-made sources is from the
nuclear fuel cycle (2,500 man Sv). There are 880,000 workers in this industry worldwide. For the
2.2 million medical radiation workers the annual collective dose is 1,000 man Sv. Fewer workers
and lower collective doses arise in industrial uses of radiation (510 man Sv) and in defence
activities (250 man Sv).

The collective effective dose to workers exposed to natural radiation sources is estimated
to be 8,600 man Sv, which is two times higher than that from man-made sources. Some 5.2 million
workers have been considered. The individual doses are more uncertain than from man-made
sources. The largest component of occupational exposures from natural sources is from
underground mining of coal and other minerals. Aircrew and some other occupations form
secondary components.

MECHANISMS OF RADIATION ONCOGENESIS

Recent advances in molecular biology have been considered in one of several annexes in the
UNSCEAR 1993 Report that deal with biological topics. The principal theories of oncogenesis
and the results of experimental cellular and molecular studies are reviewed. The basic processes
of induction, promotion and progression are recognized in oncogenesis, but it is not always
possible to clearly differentiate these stages. Point mutations, chromosomal translocations and
deletions, some of which are common and others specific to different neoplasms, may play roles
in initiation and progression. Loss of function of tumour suppressor genes is considered a major
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initiating factor in oncogenesis. Evidence of these genes being targets of radiation action comes
from studies of germ-line mutations that predispose to cancer. Some of these genes appear to play
a central role in control of the cell cycle.

The action of specific chemicals, hormones and growth factors on cell surface receptors alter
proliferative responses of cells and lead to neoplastic progression. In some cases, the enzyme
protein kinase C is thought to mediate promotional processes. Mutagenesis and repair of DNA
damage are being studied in in vivo and in vitro systems. Although the complexities are great, the
application of modern methods of cell and molecular biology in studies of radiation oncogenesis
offer promising prospects of better understanding. Some aspects of research needs and future
perspectives are briefly considered in this annex.

INFLUENCE OF DOSE AND DOSE RATE ON STOCHASTIC EFFECTS OF RADIATION

It is generally recognized that the effectiveness of radiation exposures becomes more than
proportionally less at low doses and low dose rates. This is reflected in a quadratic term usually
needed in describing the radiation response relationship. The factor of reduction may vary with
the specific neoplasm and the physical and biological conditions of the exposure. In this annex of
the UNSCEAR 1993 Report, the biological models of dose response in cells and organisms are
reviewed and the experimental data available from studies of animals and cells in culture are
analysed to derive the range of dose and dose-rate effectiveness factors.

The human epidemiological data on dose response are limited. Data from the survivors of
the atomic bombings in Japan indicate that a reduction factor of about 2 would be appropriate for
leukaemia but not much in excess of 1 for solid tumours. The results of studies of radiation
workers are consistent with low values of the reduction factor. Information on thyroid cancer
induction by acute external irradiation compared with low dose-rate exposure from intakes of '3'I
are consistent with a reduction factor of about 3, although there are questions about the
heterogeneity of the dose and uncertainties in the dose estimates and the effect that age makes to
the overall reduction in risk. For female breast cancer, the information is conflicting, and a range
of reduction factors from 1 to 3 can be derived.

For application of reduction factors the Committee considered that dose rates less than
0.1 mGy min” (averaged over about an hour) or acute doses less than 200 mGy may be regarded
as low. The Committee concluded that reduction factors for low-LET exposures should be
considered to be similar to those derived from the atomic bomb survivor data. Insufficient data are
available to make recommendations for specific tissues. For high-LET radiation, there is little
evidence of a consistent dose-rate or dose fractionation effect at low to intermediate doses. For
hereditary disease, the adoption of a reduction factor of 3 is supported by experimental data in
male mice; one study indicated the factor may be higher for female mice.

HEREDITARY EFFECTS OF RADIATION
It has not been possible to directly confirm radiation-induced mutations in human

populations, so genetic risk estimates have had to rely on general knowledge of human genetics
and extrapolation of results from animal experiments.
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The understanding of human genetics at the mol&cular level is increasing rapidly. More
precise analysis of the type of genetic damage caused by various agents, including radiation, is
possible with new laboratory techniques. More recognition is also being obtained of non-
traditional types of inheritance, such as mosaicism, genomic imprinting, uniparental disomy, gene
amplification and cytoplasmic inheritance. The complexities involved may seem to make genetic
risk estimation even more difficult and uncertain.

The specification of the genetic component of diseases and especially of the many so-called
multifactorial diseases, which may occur throughout life and with varying severity, is a difficuit
problem. If some of the non-traditional mechanisms are involved, there could be trans-generational
effects with manifestation of effects only after the F, or F, generations. There are few data to
quantify these risks.

The Committee has concluded that there is no basis to alter present genetic risk estimates.
Both the direct and indirect (doubling dose) methods of analysing animal data should be used, with
due recognition of limitations of both methods. Radiation effects on multifactorial disease, gene
regulation and non-traditional forms of inheritance are not well understood and may require
different methods of estimation. The study of children of the atomic bomb survivors may be useful
in setting outside limits on genetic risk estimates. These data indicate that hereditary effects from
moderate acute exposure of a large human population are minimal. Further results are needed of
both human and animal data analysed at the molecular level.

RADIATION EFFECTS ON THE DEVELOPING HUMAN BRAIN

The developing human brain is especially sensitive to ionizing radiation. This sensitivity
reflects the structural complexity of the brain, its long developmental (and hence sensitive) period,
the vulnerability of the undifferentiated neural cells, the need for cell migration to functional
positions and the inability of the brain to replace most lost neurons.

The main effects of radiation and the sensitive periods have been derived from survivors of
the atomic bombings in Japan exposed in ufero. Thirty cases of severe mental retardation have
been observed in 1,541 survivors. Most cases occurred in those exposed during the period 8-15
weeks following conception. A secondary period of reduced sensitivity occurred 16-25 weeks
following conception.

The results indicate that damage caused by exposure to 1 Gy within the most vulnerable
period (8-15 weeks following conception) increases the frequency of mental retardation to about
40% (background frequency: 0.8%) and lowers IQ by 25-30 points. The latter result is consistent
with the observed increase in mental retardation. Exposure in the critical period also causes a
decrement in average school performance and increases the risk of unprovoked seizures. There
are no clear indications of thresholds for effects in those exposed in the most critical period. For
the period 16-25 weeks, no cases of severe mental retardation were observed at exposure of less
than 0.5 Gy. It is reasonable to assume the risks would be smaller for chronic exposures, but the
data are too limited to provide quantitative estimates.
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LATE DETERMINISTIC EFFECTS IN CHILDREN

Deterministic effects of ionizing radiation are the result of exposures that cause sufficient
cell damage or killing to impair function in the irradiated tissue or organ. All tissues and organs
may be affected, but tissues vary in their sensitivity to radiation. The ovary, testis, bone marrow,
lympbhatic tissue and lens of the eye belong to the most radiosensitive tissues.

Deterministic effects in children, with tissues actively growing, are often more severe than
in adults. Examples of deterministic damage following radiation exposure in childhood include
effects on growth and development, hormonal deficiencies, organ dysfunctions and effects on
intellectual and cognitive functions. The review of deterministic effects of radiation in children
stems mainly from the study of late clinical effects in children given radiotherapy treatments. As
survival rates increase, some of the effects are becoming more apparent. The study groups are
small, however, and the follow-up times are limited. The treatment modalities have usually
included surgery and chemotherapy in addition to radiotherapy; it is thus not always possible to
single out the effects of radiation alone.

The effects in tissues reviewed in this annex include those in the brain, endocrine system,
gonads, skeleton, eye, cardiovascular system, lung, breast, liver and gastrointestinal tract, kidney
and bone marrow. One objective was to determine the critical dose levels for the appearance of
clinical deterministic effects. In general, younger children are more sensitive than older children.
Owing to the paucity of data, however, it is not possible to quantify the effects by age in most
situations.

EPIDEMIOLOGICAL STUDIES

The Committee previously reviewed the results of epidemiological studies in the UNSCEAR
1988 Report. The main basis for risk estimates in that report was the results of the Life Span
Study of survivors of the atomic bombings of Hiroshima and Nagasaki. In the first of two annexes
in the UNSCEAR 1994 Report [3], "Epidemiological studies of radiation carcinogenesis”, the
Committee presents a review of the wide range of epidemiological studies and provides
comparative listings of risk estimates that can be derived from these results. The Committee feels
that such broader analyses are necessary to establish more reliably the risk estimates. Results from
a single study, although ostensibly providing statistically significant results for a particular site or
type of cancer, may not represent the general case for one reason or another.

The epidemiological studies considered in the annex, in addition to the Life Span Study of
survivors of the atomic bombings, include medically irradiated patients, occupationally exposed
workers, individuals exposed to radionuclides released to the environment on various occasions
and those exposed to elevated levels of natural background radiation. The characteristics of these
studies, along with their strengths and weaknesses, are tabulated in the report.

The Life Span Study of survivors of the atomic bombings continues to be a primary source
of epidemiological data on radiation effects. The large cohort includes individuals of both sexes
and all ages with good dosimetric data covering a wide range of doses. Cancer incidence data for
1958-1987 are available for the first time, and the cancer mortality data have been extended for
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another two years, available now for the period 1950-1987, for use in analysis of risk estimates
in this annex.

The Life Span Study incidence and mortality data are broadly similar, with both sets of data
demonstrating statistically significant effects for all solid tumours as a group, as well as for cancers
of the stomach, colon, liver, lung, breast, ovary and bladder. The incidence data also provide
evidence of excess radiation risks for thyroid cancer and non-melanoma skin cancers. Statistically
significant risks were not seen in cither the incidence or the mortality data for cancers of the
rectum, gall-bladder, pancreas, larynx, uterine cervix, uterine corpus, prostate, and kidney or renal
pelvis. An association with radiation exposure is noted for several types of leukaemia but not for
lymphoma or multiple myeloma. Earlier data had indicated a possible association between
radiation and multiple myeloma, but the new, extended analyses no longer indicate a statistically
significant relationship.

Of the some 86,300 individuals in the Life Span Study cohort there were 6,900 deaths from
solid tumours during 1950-1987. From comparisons with the control group, approximately 300
of these cancer deaths can be attributed to radiation exposure. The data for leukaemia incidence
in this same period indicate that 75 cases can be attributed to radiation exposure.

The numbers of solid tumours associated with radiation exposure are not sufficient to permit
detailed analysis of the dose response for specific sites or types of cancer. For all solid tumours
together the slope of the dose-response curve is linear up to about 2 Sv. The dose-response curve
for leukaemia is non-linear and is best described by a linear-quadratic function. Statistically
significant risks for solid tumours in the Life Span Study are presently seen only above 0.2 Sv. The
relative risks in the lower dose categories (0.01-0.05, 0.06-0.09, 0.10-0.19 Sv) all have positive
nominal risk estimates, but they are not statistically different from unity. The slope of the dose
response for doses lower than 0.5 Sv, while lower than the slope for all doses up to 4 Sv, does not
differ significantly from it. An inherent limitation of epidemiological studies is to quantify results
at doses less than 0.2 Sv because of the low statistical power of the available results.

Because of concerns about the role of cell-killing and the impact of errors in individual dose
estimates on the slope of the dose-response curves at high doses, and because the Life Span Study
risk estimates are primarily used to evaluate the effects at low doses, the analysis by UNSCEAR
in this annex of lifetime risks have been limited to use of the data on individuals with shielded
kerma of less than 4 Gy. The models for lifetime risk estimation allowed for differences in age at
exposure and sex of the exposed individuals. Alternative assumptions were used for projections
of risk beyond the present observational period. The relative risk was either assumed to remain
constant to the end of life or to decrease to lower values at times greater than 40 years after
exposure, as has been indicated to be the case in some epidemiological studies. The relative risks
of leukaemia or lung cancer, for example, seem to decline after more than 20 years after exposure,
although cancers of the GI tract can continue to occur for years longer.

The estimates of lifetime risk following exposure of 1 Sv, computed using sex- and age-at-
exposure-specific relative risks estimated from the Life Span Study mortality data for 1950-1987
and using the demographic structure for Japan and the Japanese background cancer mortality rates
for 1985, are 1.1% for leukaemia and 10.9% for solid tumours. These results may be compared
with comparable values derived in the UNSCEAR 1988 Report of 1.0% for leukaemia and 9.7%
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for solid tumours. The estimates for the alternative assumptions of risk beyond 40 years after
exposure are 20%-30% less than the total risk estimate quoted above of 12% for an exposure of
1 Sv.

The estimates of risk are presented without adjustment for decreased effectiveness of
radiation at low doses and low dose rates. The application of a small (<3) dose and dose-rate
effectiveness factor was recommended in the UNSCEAR 1993 Report. If a factor of 2 is applied
(as was used by ICRP in their 1990 recommendations), the risk estimate derived from the
UNSCEAR 1988 Report would be 5% per Sv and from the 1994 Report 6% per Sv for a constant
relative risk projection. The alternative projection methods would yield values from 4%-6% in the
Japanese population (the applicability to other populations involves some additional uncertainty).
Consequently, the use of a nominal value of 5% per Sv for mortality due to leukaemia and solid
tumours from irradiation at low doses for a population of all ages (4% per Sv for an adult working
population), as recommended by ICRP, still seems valid to the Committee based on these latest
analyses.

Studies of other radiation-exposed populations, such as cervical cancer patients, ankylosing
spondylitics and children treated for tinea capitis, provide risk estimates that generally support
those derived from the data of the survivors of the atomic bombings. The other epidemiological
studies provide additional information on issues that cannot be addressed by the atomic bomb
survivor data, such as the effects of low chronic doses, highly fractionated exposures and
variability among populations. For some sites of cancer, including leukaemia, breast and thyroid,
and for bone and liver cancer from exposure to radium and thorium radionuclides, there are a
number of very useful results from studies other than the Life Span Study. Large studies of
occupationally exposed persons are also contributing tentative risk estimates. In general, there are
no great discrepancies in risk estimates between the Life Span Study and the other studies.

Two studies provide some indications of risk at doses less than 0.2 Sv in sensitive subgroups
of the population. These studies include cancers among those prenatally exposed to x rays with
doses of about 0.01 Gy and thyroid cancer in children with doses of roughly 0.1 Gy. The risk
estimates are in both cases, however, not yet well established.

UNSCEAR has further considered the reported incidences of leukaemia near nuclear
installations in the United Kingdom, now thought unlikely to be related to environmental radiation
or paternal exposure, and the evidence of cancer occurrence among participants of atmospheric
nuclear tests. All such issues and results of epidemiological studies are reviewed in some detail in
this annex.

ADAPTIVE RESPONSES

In a second annex in the UNSCEAR 1994 Report, "Adaptive responses to radiation in cells
and organisms", the Committee considers the more recent research findings that are being reported
on this interesting aspect of radiation response. The main impetus for the studies of adaptive
responses has been the observation that human lymphocytes exposed to a conditioning dose of
some 10 mGy while maintained with growth stimulants in culture media suffer about 50% fewer
chromosome aberrations when subsequently irradiated with x rays to a dose of 1.5 Gy than when



exposed without the conditioning dose. It seems likely that the effect is linked to an increased
capacity for DNA repair.

The adaptive response has been observed, as well, with proliferating bone marrow cells,
spermatocytes and fibroblasts, but not with pre-implantation embryo cells. In some cases, in vivo
exposure of an experimental animal (mouse or rabbit) has been able to provide the conditioning
features which result in an adaptive response during subsequent in vitro exposure of lymphocytes.

Investigators have determined that the adaptive response for lymphocytes in vitro requires
a conditioning dose of at least 5 mGy, delivered at a dose rate greater than 200 mGy min™, and
no more than 200 mGy. The adaptive response occurs between 4 and 6 hours after conditioning
and lasts for 3 cell cycles. The composition of the culture medium is quite important; it requires
a narrow range of pH to be maintained and growth stimulating factors to be present. The degree
of response depends on the stage of the cell cycle. Cells in active phases just prior to cell division
are more likely to show the response than cells in other stages. Lymphocytes from different donors
show variable response. Thus, the adaptive response is by no means a generally occurring
phenomena; it requires rather carefully controlled experimental conditions to elicit the behaviour.

The possible mechanisms of adaptive responses are being investigated in current research.
Cell cycle delay has been noted at relatively higher conditioning doses (>200 mGy). The delay
allows cell damage to be repaired before the cell proceeds through the cell cycle. Since the
adaptive response occurs at lower doses when this type of cell cycle delay is not apparent, this
cannot be a central mechanism in the response at lower doses.

The evidence becoming available indicates that following radiation damage to cells a number
of changes occur. Among these changes are the activation of genes that code for the synthesis of
enzymes involved in the contro! of the cell cycle, proliferation of cells and repair of damage. Some
of the enzymes seem to be similar to those induced by damage caused by other toxic agents. The
adaptive response may therefore be part of a common mechanism involving cellular response to
damage.

In addition to gene activation, enzyme production and at higher doses cell cycle delay, other
cellular mechanisms involved may be detoxification of reactive radicals and activation of
membrane-bound receptors stimulating cell proliferation. The immune response of the organism
may operate at least transiently following radiation exposures in accelerating programmed cell
death of damaged cells. All of these process are subjects of continuing investigation.

It is generally more difficult to demonstrate adaptive responses in the whole organism. Some
earlier experiments reported seemingly stimulatory effects following low-level exposures. More
recent experiments with rodents and beagle dogs exposed at various ages to low dose rates of
low-LET radiation have been unable to demonstrate statistically significant differences in life-span
of irradiated and control groups after accumulated doses of up to about one gray nor has reduced
tumour induction been an outcome of low-dose exposures in these experiments. An important
point to note is that along with adaptive response in cells, selective damage leading to malignant
cellular transformations may also occur in parallel. This may explain the observed responses in
these animal experiments.
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The Committee thus judges that adaptive responses manifested by improved repair of
cellular damage that take place under specific conditions in experimental cellular studies probably
do not completely eliminate residual damage in cells that may ultimately result in malignant
transformation. It will be important to continue these studies in order to understand more fully the
molecular processes that occur following radiation exposure of cells and how these changes might
be manifested in overall response of the organism. The Committee states that "at this stage it
would be premature to draw conclusions for radiological protection purposes".

UNSCEAR has now begun a new programme of review of the sources and effects of
ionizing radiation. The next scientific report of the Committee will be published probably in 1998.
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ABSTRACT

The membership of the Main Commission and its four Committees for the period 1993-1997
was established in July 1993. The programmes of work are now well established and the
Committees have met at least three times. Their progress is summarised in this paper.

INTRODUCTION

The Commission has four standing Committees on, Biological Effects, Secondary Standards, Protection in
Medicine, and Application of the Commission's Recommendations. In July 1993 the four committees were
reconstituted and by now have met at least three times to progress their programmes of work. This paper
presents an overview of that work.

The method of working within ICRP and its Committees is also perhaps worth noting. When a Committee
decides that it would wish to develop guidance on a particular issue, it proposes a Task Group on the subject
to the Main Commission who approve its terms of reference and membership including the chairman, who will
be a member of the sponsoring Committee. The other Task Group members will probably not be members of
any Committee of ICRP. This procedure is necessary because the Commission supports the travel and subsistence
costs of the Task Group meetings. In addition, the chairman of any Committee may appoint a Working Party
within the Committee which is composed of one or more members of the Committee. The Commission takes
no financial responsibility for Working Parties and they are usually formed to prepare papers for the Committee
and their work often leads to the formation of a Task Group.

The distribution by country of people in ICRP is of interest. The largest contingent of 18 comes from the USA,

followed by the UK with 11, France and Germany having 9 each, Japan and Sweden 5 each, China and Russia
bave 4, and 2 from each of the Netherlands, Argentina and India, and single membership from 9 other countries.
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MAIN COMMISSION

The International Commission on Radiological Protection and its Committees met at Wiirzburg in September
of the centennial year of Réntgen’s discovery of x rays.

The Commission adopted three reports for publication in the Annals of the ICRP. The first was the report from
a Task Group of Committee 2 and entitled ‘Age Dependent Doses to Members of the Public from Intakes of
Radionuclides: Part 4, Inhalation Dose Coefficients’. This report complements Publications 56, 67, and 69,
which principally give ingestion doses for different age groups in the population, by presenting results using the
new model of the respiratory tract. Only Publication 56 gave inhalation doses, using the old lung model, and
these are now replaced.

The data presented in the age-dependent dose reports are restricted to radionuclides from the range of elements
that are most likely to be of concem in environmental materials. For all of these elements, a detailed review
of biokinetic behaviour has been undertaken.

In the second report adopted by the Commission, all data on dose coefficients from the four separate parts
dealing with the public are brought together in a single issue for easy reference. As an annex, dose coefficients
for the public are presented covering all the additional elements required for the IAEA Basic Safety Standards
but for which biokinetic data had not been specifically reviewed in this case, the calculations are based on
biokinetic data from Publication 30 and must be used with caution since they were derived for worker rather than
public exposures. From now on, the work on internal dosimetry will mainly be directed at a comprehensive
review of models and data applicable to workers and the public, the outcome of which will form the basis of
calculated dose coefficients five or six years from now.

The third report approved was from the joint Task Group with the International Commission on Radiation Units

and Measurements entitled ‘Conversion Coefficients for use in Radiological Protection against External
Radiation’. This has now also been approved by ICRU; it was agreed that it would be published by both
Commissions in the Annals of the ICRP. A remarkable amount of work has been undertaken to obtain a large
number of calculations for electron, neutron and photon exposures. The major concern for both Commissions
was to ensure that the operational quantities recommended by ICRU achieved the objective of providing
measurable quantities adequately representing the protection quantities of Publication 60. The analysis of the
data in the report indicates that the operational quantities generally achieve this objective with only minor
exceptions that are not important in practical circumstances; they are therefore a satisfactory basis for
measurements in radiological protection against external radiations.

COMMITTEE 1

Committee 1 of the International Commission on Radiological Protection has the responsibility for maintaining
the biological effects of ionising radiation under review and developing documents that relate such effects to the
needs of radiological protection. During the last three years, two new task groups have commenced work and
working parties have been formed to review a broad range of biological, biophysical and epidemiological topics.

Committee 1 met in Wiirzburg, Germany, in September 1995 and the outcome of this meeting is selectively
summarised here.

TASK GROUPS

Genetic susceptibility to cancer
The Task Group on Genetic Susceptibility to Cancer had been set up by the Commission in order to provide an
overview of human genetic predisposition to cancer and to make interim judgements on the possible implications
for the estimation of cancer risk after radiation.

The first draft of the main body of the review contains sections on: DNA damage and repair, mechanisms and
genetics of solid tumours and lympho-haemopoietic neoplasia, tumorigenic radiosensitivity and heritable
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predisposition to cancer, together with computational modelling of genetically determined cancer risk after
radiation.

There is particular emphasis on the potential importance of the repair of DNA double strand lesions for
carcinogenic response and the relative genetic contributions to solid and lympho-haemopoietic neoplasia.
Attention is also given to uncertainties on the apparently high genetic contributions to spontaneously arising
breast and colon cancer and the limited extent of the database on which to estimate the degree to which cancer-
prone human genetic disorders may contribute to excess cancer in irradiated human populations. These issues
are critical to the computational modelling that has been proposed and will be the subject of further review and
deliberation by the Task Group. A second draft of the report will be considered by Committee 1 in 1996.

Risk estimation for multifactorial diseases

It is recognised that considerable uncertainty surrounds the estimation of risk of induction of multifactorial
diseases which depend upon genetic-environmental interactions for their expression. The brief of the Task Group
on Risk Estimation for Multifactorial Diseases from the Commission is to review the classification, prevalence
and genetics of human multifactorial diseases and to propose computational modelling procedures that will allow
for more confident estimation of the impact of new radiation-induced mutations on disease incidence in the
population. Major issues are the relative roles and multiplicity of major and minor genes in different disorders
and the inherent difficulties of modelling the genetic and environmental interactions that may be involved.

One particularly important aspect of the current work is clarification by the Task Group of the dynamic nature
of the mutational component of multifactorial disease. This had not been fully appreciated during the estimation
of genetic risk in Publication 60 but was not deemed to have introduced a major source of further uncertainty.
The first draft of the report of the Task Group is expected in 1996.

WORKING PARTIES

Committee 1 received reports from fifteen working parties and some of the topics reviewed
are

Uncertainties in cancer risk estimates
The main uncertainties under review are those associated with the transfer of risk between different populations,
calculation of lifetime cancer risks for tumour types and A-bomb dosimetry. The draft of an NCRP commentary
on all these issues was circulated for comment. The overall conclusion from this and from the working party
was that uncertainty on risk was not likely to exceed the current risk of around 5% Sv'! for a whole population
by more than a factor of around two in either direction.

Populations for new epidemiological study
Of particular note in this working party discussion was the potential for dosimetric and epidemiological follow-up
of the population that had been exposed in the Altai region of the former Soviet Union as a consequence of
explosions in 1949 and 1962. While the extent and magnitude of these population exposures was judged to be
sufficient for such studies, there are inherent difficulties associated with such retrospective analyses, particularly
since the Altai region has experienced a considerable degree of post-exposure migration.

Review of epidemiological data
Each year this working party provides a broad review of published epidemiological studies. In 1994-95 the
working party had considered over 100 publications covering population studies, RERF reports, post-Chernobyl
studies and studies on occupational and therapeutic exposures. Of particular importance were RERF studies on
the induction of benign tumours of the gastrointestinal tract and stomach, and studies on lung cancer incidence
in fluoroscopy patients, risk factors for breast cancer, and radon studies in China and West Bohemia together
with studies on radon exposed miners showing no excess of extrathoracic tumours. In addition, the working
party stressed the importance for low dose risk estimates of recent combined analyses of cancer in
occupationally exposed nuclear workers.
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Relative biological effectiveness and radiation weighting factors

The Committee has been reviewing data relevant to judgements on RBE and wy and discussed the uncertainties

involved, particularly those for different neutron energies and for heavy ions with LET values greater than
100 keV um‘l. In spite of some justifiable concern on wy values for these radiations, the Commission’s current
system for obtaining equivalent dose was, because of its simplicity, thought to have considerable practical merit;
any proposed changes to the current system would need careful evaluation.

Attention was also given to a recent suggestion that a quality factor of 10 for alpha particles, particularly in
respect of lung carcinogenesis, was more appropriate than the value of 20 or 25 advocated by the Commission
and the International Commission on Radiation Units and Measurements, respectively. Following discussion of
the relevant biological data and critical appraisal of the biophysical approach that had been used to justify an
alpha particle RBE of 10, it was concluded that at present there was no good reason to contemplate such a
change.

Tissue weighting for bone

A joint working party between Commitiees 1 and 2 had been seeking to develop an appropriate value for wy
for bone that took full account of the location of target cells for bone cancer at endosteal bone surfaces. It was
agreed by Committee 1 that the 22*Ra patients provided the best epidemiological source of risk estimation and
that a wy of 20 remained appropriate for alpha particles. With due attention both to the factor necessary to
convert the risk based on average bone dose to that which applies to bone surface and to the risk of fatal bone
cancer suggested by the A-bomb data, a rounded w for bone surface of 0.01 was judged by the working party
to be appropriate. A written report on the issue is expected in 1996 and this will include comment upon the
implications of the new biokinetic model for radium. It is expected that this report will help to resolve
uncertainties on wy for bone that have existed since Publication 26.

Other working parties discussed new data on genetic effects, deterministic effects, target cells for carcinogenesis,
the possible use of animal data for risk estimation, in utero effects, comparative aspects of radiation and chemical
carcinogenesis, and adaptive responses to radiation. Good progress was being made in relating new findings in
these areas to future judgements in radiological protection. Of particular note were new animal studies that
strongly challenge earlier data on radiation-induced transgenerational carcinogenesis and the absence, so far,
of a significant risk of in utero induced cancer in the A-bomb survivors.

COMMITTEE 2

Committee 2 has the responsibility for establishing secondary standards based on the Commission’s
recommended dose limits. The Committee and its task groups have been developing a series of documents
related to both external radiation and intemally incorporated radionuclides. The programme of work of
Committee 2 was reviewed at the September mecting and is summarised here.

AGE-DEPENDENT DOSIMETRY

A number of reports have been prepared by the Committee giving age-dependent biokinetic models and dose
coefficients (doses per unit intake) for members of the public for ingestion of selected radionuclides of 29
elements (Publications 56, 67 and 69). The elements/radionuclides were selected as those most likely to be of
concern for public exposure. Following the issue of the new respiratory tract model (Publication 66) a report has
now been prepared by the Task Groups on Internal Dosimetry (INDOS) and Dose Calculations (TGDC) giving
age-dependent inhalation dose coefficients for these elements, The report, now adopted by the Commission, is
expected to be issued as Publication 71, contains a summary of the new respiratory tract model, particularly in
relation to age-dependent aspects. It also includes the results of literature reviews on the lung clearance of
various chemical forms of the different elements, with the emphasis on the behaviour of environmental forms.
The new respiratory tract model gives default absorption parameters for three default Types (Fast, Moderate and
Slow). For radionuclides present in the environment, it will frequently be difficult to identify the chemical form.
Dose coefficients will therefore be given in the report for all three absorption Types, with a summary of what
is known about the behaviour of specific materials and guidance on the default Type to use when no information
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is available. The summaries of data on the lung absorption of different chemical forms can be used as a guide
for selecting absorption Types when there is more material-specific information. In general, the default Type
adopted is M, on the basis that the calculated dose coefficient is unlikely to be greatly in error.  In addition to
the elements covered in the previous publications, dose coefficients will also be included for isotopes of calcium
and curium. Annexes will be included in the document giving the biokinetic models for these elements which
will be based on the generic models for the alkaline earths and actinides, respectively, as described in Publication
67. The table summarises the information given in these publications.

The publication of this report will complete the programme of work on dose coefficients for infants, children
and adult members of the public. A summary report will therefore be issued giving a compilation of dose
coefficients for both ingestion and inhalation from the above publications. The report will give doses to
individual tissues, as well as effective dose. The Commission has also agreed that age-dependent dose
coefficients for the radionuclides of the elements in Publication 30 not covered in Publications 56, 67, 69 and
72 will be given in an Annexe. These additional values are required by both IAEA, for the Basic Safety
Standards, and EC, for the new EURATOM Directive. The biokinetic models used for these dose coefficients
will be those given in Publication 30 for adults and allowance will be made only for changes in body mass and
for doses from material in the excretion pathways. They must therefore be used with care for infants and
children.

EMBRYO AND FETUS

A draft document has been prepared by INDOS, giving dose coefficients for the embryo and fetus following
acute and chronic intakes of radionuclides by the mother, either before or during pregnancy. The report is at
an advanced stage and it is expected that it will be completed in time for the next Committee 2 meeting to be
held in the autumn of 1996. Dose coefficients for intakes by inhalation and ingestion will be given for
radionuclides of the 31 elements for which age-dependent dose coefficients have already been prepared for
infants, children and adults. Wherever possible, element-specific dosimetric models will be used (eg tritium,
carbon, iodine, caesium and strontium), Where this is not possible, a generic model will be applied based on
relative concentrations of radionuclides in fetal and maternal tissues obtained from studies with experimental
animals. The report will include a comprehensive chapter on the development of the embryo and fetus, as well
as the results of literature reviews on data in man and animals on the transfer of radionuclides to the developing
embryo and fetus following intakes by the motber. Inhalation dose coefficients will be calculated for intakes
of both 1 pm AMAD and 5 um AMAD aerosols by the mother (default particle sizes for the public and workers,
respectively). Dose coefficients for ingestion of radionuclides by the mother will be based on gut transfer
factors, appropriate for both workers and members of the public.

DOSE COEFFICIENTS FOR WORKERS

Publication 68, giving dose coefficients for the inhalation and ingestion of radionuclides by workers, has recently
been issued as a replacement for Publication 61. The dose coefficients apply the most recent biokinetic models
recommended by the Commission, including the new respiratory tract model described in Publication 66. A
revision of Publication 54 (Individual Monitoring for Intakes of Radionuclides by Workers) is now to be
prepared, on a timescale of about a year, to provide information for interpreting monitoring data consistent with
these models. The Commission has set up a working party of Committees 2 and 4 to develop this report. The
models used for the calculations will be those adopted for Publication 68, for which extensive quality assurance
checks have been carried out by the members of TGDC at BfS in Germany, NRPB, and ORNL in North
America.

With the revision of Publication 54, Committee 2 and the Commission consider that there should now be some
stability in these dose coefficients for workers. There remains, however, a need to develop a full revision of
Publication 30. With the move to physiologically-based biokinetic models, the aim is to develop models that
are appropriate both for bioassay interpretation and for dosimetry calculation. Thus the full revision of
Publication 30 will take into account the work done for the revision of Publication 54. As it will be necessary
to review the biokinetic models for all the elements that have not been reviewed in Publications 56, 67, 69 and
72, it is considered unlikely that the work will be ready for publication before the year 2000.
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A technical report is to be prepared by INDOS giving guidance on the application of the new respiratory tract
model to situations in which material-specific information is available which enables more accurate dose
assessments to be made than would the use of general default parameter values. It is intended that in the
revision of Publication 30, dose coefficients will be given for specific chemical forms of various radionuclides,
in addition to those based on the default absorption Types. No ALIs are to be given as the Commission now
considers that these should be established by management from a knowledge of local conditions. This technical
report will provide information on the likely approach to be adopted in applying material-specific data.

RELIABILITY OF DOSE COEFFICIENTS

INDOS is preparing a report on the reliability of dose coefficients. This will examine the quality of the data
used in the development of dosimetric models taking into account the extent to which they are based on human
and animal data. The report will cover intakes by inhalation and ingestion, as well as the biokinetic models
which describe the behaviour of systemic activity. Although it is unlikely that the document will be completed
until 1997, a structured approach has been adopted which will be used to illustrate how the reliability of models
for different elements can be judged.

MODEL DEVELOPMENT

It had been agreed at a previous meeting of Committee 2 that it would no longer be practicable to develop a full
revision of Reference Man (Publication 23, 1975). Instead, a series of reports is in preparation covering the main
information necessary for model development and for dose calculations. The first report, on the skeleton, has
been approved for publication by the Commission and should be issued later in 1995. The next report, on basic
anatomical and physiological data, should be completed in 1996. A third report will cover the regions of the
gastrointestinal tract, as well as the pancreas, gall bladder and liver.

Summary of reports on age-dependent dose coefficients for members of the public from
intakes of radionuclides

PART 1* PART2® PART 3° PART 49 PART Sﬂ
ICRP Publication 56 67 69 72 -
Ingestion dose coefficients  + + + - +
Gastrointestinal tract model 30 30 30 30 30
Inhalation dose coefficients + ~ - + +
Respiratory tract model 30 - - 66 66
Tissue weighting factors 30 60 60 60 60
Notes
(a) For radioisotopes of H, C, Sr, Zr, Nb, Ry, I, Cs, Ce, Pu, Am and Np.
(b) For radioisotopes of S, Co, Ni, Zn, Mo, Tc, Ag, Te, Ba, Pb, Po and Ra.
(¢) For radioisotopes of Fe, Sb, Se, Th and U.
(d) Elements in Parts 1, 2 and 3, plus Ca and Cm.
(e) Compilation of dose coefficients in Parts 1-4.
+ Dose coefficients given in report.
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In the development of ingestion dose coefficients for the public, the adult model for the gastrointestinal tract
described in Publication 30 was used, as no age-dependent model is available. The Committee now intends to
develop a new model for the gastrointestinal tract which will take into account the most recent information on
anatomy and physiology as well as age-dependent characteristics. Additional information on the radiation
sensitivity of different regions of the gastrointestinal tract and on the location of stem cells will also be
considered. A working party has been set up, with membership from Committees 2 and 1, to develop the terms
of reference for a task group. The aim is that the new model should be complete in time for the full revision
of Publication 30.

The need to develop agreed phantoms for use in both internal and external dosimetry was considered by the
Committee at some length. The MIRD phantom presently used for dose calculations has severe limitations as
it is based on fixed geometrical shapes. This makes it difficult to introduce additional organs and tissues when
the need arises as a result of new information on the sensitivity of tissues to irradiation. Comprebensive data
are now becoming available from medical imaging and a number of laboratories are working towards developing
realistic phantoms based on such data. Although there are difficulties in using such phantoms for dosimetry
purposes, it was felt that this will be necessary before the revision of Publication 30. A working party is to
consider how the Committee should proceed to develop new phantoms for the Commission.

COMMITTEE 3

The major work under this heading is the Task Group report on radiological protection and safety in medicine.
Committee 3 had carefully considered a draft report and presented a revised outline to the Commission for
agreement on a proposed way forward. The Commission accepted the proposals and decided that it was
appropriate to form a joint task group between itself and Committee 3 with the objective of producing a report
for adoption early in 1996; it would be aimed at relevant professional bodies and practising radiologists. The
report would also serve as a source for the development of specific practical advice for protection in three
important areas: nuclear medicine; diagnostic, dental and interventional radiology; radiotherapy.

COMMITTEE 4

Commitice 4 of the International Commission on Radiological Protection has the responsibility for considering
the practical application of the Commission’s recommendations. This section reviews the deliberations of
Committee 4 during its meeting in Wiirzburg in September immediately prior to the meeting of the Commission.

TASK GROUP REPORTS

The Committee had three draft reports from task groups to consider, all the titles of which contained qualifiers
of the word ‘exposure’: namely, occupational, potential and chronic. The report on occupational exposure was
the furthest advanced, although substantial progress had also been made with the other two.

Occupational exposure

The principal objective of the Task Group on General Principles for the Radiation Protection of Workers was
to prepare a report that would replace Publication 35, which deals with the monitoring of workers, the intention
being to take account of the developments in Publication 60. An additional objective was to review Publication
28, which deals with the procedures for handling emergency and accidental exposures of workers. However,
it became apparent to the Task Group that this latter document should be subject to a separate review since it
is mainly concerned with medical aspects of overexposure,

The general reaction of the Commission was favourable, although it recognised that there were issues of a policy
nature and these needed careful consideration. The principal issues were the use of the public dose limits in the
context of occupational exposure in Publication 60, the meaning and use of dose constraints, protection of the fetus
of female workers, management of overexposed workers, and the grouping of workers for monitoring and dose
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recording purposes.

This Task Group now plans to produce the next draft for review by the Commission early in 1996 before being
considered by the Committee in May. Approval by the Commission will be sought towards the end of 1996.

Potential exposure

The report of the Task Group on Protection from Potential Exposure dealt with non-nuclear radiation sources,
essentially those that present a significant risk. Particular examples are industrial irradiators and particle
accelerators. There was no precedent for work in this area and as such the Task Group had to start with a
‘clean sheet of paper’. The work is of considerable importance because such sources have been the cause of
death ang severe injury. The focus of the report was on the means of assessing the risks associated with such
sources, rather than operational considerations. Nevertheless, recognising the significant contribution that human
factors have played in the various accidents that have occurred in the past, the Committee felt that there was a
need to include some consideration of these matters.

The general reaction of the Commission was that the report represented a major step forward. However, the
Task Group was asked to give further consideration to detriment (including endpoints other than fatality), risk
constraints and the role of the principle of optimisation of protection.

The intention is for the Task Group to meet again and a revised draft to return to the Commission late in 1996,
after a further review by the Committee at its next meeting,

Chronic exposure

The report of the Task Group on Principles for Protection of the Public against Chronic Exposure Situations dealt
with topics such as the exposure of the public from land contaminated by past practices. There are particular
difficulties here in neatly fitting each situation into the categories of practice and intervention and the Committee
felt that this needed to be more clearly recognised in the document. It was agreed that high natural background
should be mentioned but the topic excluded from detailed treatment. Otherwise, the general approach was
endorsed.

The Task Group intends to meet again in 1996 and the Committee will discuss the topic at its next meeting,
The target date for final approval remains 1996-97.

WORKING PARTIES

The Committee considered a report from its working party on Publication 46, which deals with solid waste
disposal. While it was felt that much of this publication remained valid, it was recognised that the material was
not ‘user friendly’. There were also questions over the use of future collective doses from waste repositories.
It was agreed that a short policy document on radiological protection matters aimed at decision makers and their
advisors involved in radioactive waste management would be useful, but not as a replacement for Publication
46. To undertake this work, the Committee proposed a task group. The Commission did not immediately accept
this and has asked for an elaboration of the specific issues that the document would address, including long
timescales and their influence on risk criteria and the use of collective doses for probabilistic events.

FUTURE PROGRAMME

The Commission intends to meet twice in 1996. The first meeting in March is planned for discussion of several
of the reports being prepared by Task Groups prior to the Committees finally reviewing them. They include those
on genetic susceptibility, protection in medicine, and occupational exposure. The second meeting is planned for
November when, in addition to adopting any reports from the four Committee meetings, the major item will be
preparation for the new Commission and Committees for the period 1997 - 2001,
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THE ICRU PROGRAMME IN RADIATION PROTECTION
PAST, PRESENT AND FUTURE

A. Allisy
Bureau International des Poids et Mesures, F-92310 Sévres, France

It is the purpose of this paper to present a panorama of the work that the ICRU
has devoted - often in cooperation with the ICRP - to radiation protection. More precise
information on recent achievements will be given in two companion papers by R.H.
Thomas and P. Jacob. The first deals with an ICRP-ICRU joint report of great
importance, the second is characteristic of one of the trends concerning the treatment
by the ICRU of radiation protection problems.

The ICRU was created in 1925 to study the problem of "dosage" in radiotherapy and
more specifically the unit to be used. It is thus not surprising that for three decades the
major preoccupation of the ICRU concerned radiation units for radiotherapy with x and
gamma rays and guidance for clinical applications.

In the 50’s the energy domain as well as the quality (LET) domain of newly
available sources of ionizing radiations were greatly increased and this presented the
radiation protection community with two questions. The first, concerning the unit
rontgen which is restricted to x and gamma rays, was in the process of being resolved
by the introduction of the absorbed dose. The second, which is still today not entirely
resolved, concerns the weighting of the absorbed dose according to the different
biological effectiveness of the various radiations. The usage of the concept of RBE
developed in biological research and the corresponding quantity "RBE dose" was
reluctantly adopted by the ICRU, as the RBE of any radiation depends on many factors
such as the type and degree of biological damage, the absorbed dose and its rate, the
fractionation, the oxygen tension, the pH and the temperature. In trying to find a
solution, the ICRP and the ICRU appointed in 1960 a Joint Committee to study the
concept and use of RBE in considerations of radiation protection (1). The conclusion of
the report was essentially as follows. The decision by ICRU to replace "RBE" in
protection work by "quality factor" (QF) is endorsed. It is very necessary that a clear
distinction should be made between the term "RBE" used in experimental work and the
term used in protection calculations. The replacement of the term "RBE dose" by "dose
equivalent" (DE), as defined below, is also endorsed. DE is defined as the product of
absorbed dose, D, quality factor, (QF), dose distribution factor, DF, and other necessary
modifying factors. The unit of dose equivalent is the "rem". The report also proposed an
LET-QF relationship which is kept under review by the ICRP even today.

The same quantity, dose equivalent, is defined with a less cumbersome notation
(H replaces DE and Q replaces QF) and appears in ICRU Report 19 (2) and its
supplement (3) together with two new considerations. The first states that although Q
is dimensionless and therefore H and D can be expressed in the same unit, it is highly
desirable, for safety reasons, to keep the name rem instead of rad for expressing a dose
equivalent. The second is the first attempt made by the ICRU to define quantities which
are easy to measure for the specification of ambient radiation levels. These quantities,
the absorbed dose index and the dose equivalent index, are defined at a point as the
maximum absorbed dose or dose equivalent, respectively, within a 30 ¢cm diameter
sphere centered at this point and consisting of specified material. These quantities were
developed later (4, 5) but finally abandoned mainly because of their lack of additivity.

During the same period (1970) the ICRU issued a report on radiation protection
instrumentation and its applications (6), where instrument characteristics are reviewed
to facilitate their choice and use.

In 1980, the ICRP and the ICRU established a Joint Task Group on Radiation
Protection Quantities. The task group carried out a broad inquiry into basic approaches
to radiation protection, an examination of the quantities that are required in their
formulation, and a review of pertinent biological data. The corresponding report (7) was
primarily focussed on the problem of radiation quality and its quantitative treatment in
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radiation protection. It was intended to be an input to the two Commissions (and in
particular to the ICRP) for their consideration in formulating subsequent
recommendations from the Commissions.

A major breakthrough in the field of practical measurements in radiation protection
was achieved in 1985 by the publication of ICRU Report 39 (8). This report gives
definitions of operational quantities to be employed in the monitoring of ionizing
radiation that provide a basis for effective radiation protection. These quantities are
intended to supplement, for practical measurements, the recommendations concerning
the use of the absorbed dose index and the dose equivalent index. A second report (9)
indicates how the dose equivalents received by exposed individuals may be determined
when it is appropriate to utilize additional data on irradiation or different calibration
conditions. A third report (10) contains guidance on the design, calibration and use of
instruments required to implement the recommended system.

In 1991, the ICRP (11) introduced two new quantities, based on radiation weighting
factors, replacing the organ dose equivalent and the effective dose equivalent. These
quantities are termed equivalent dose and effective dose, respectively. As these
quantities cannot be evaluated experimentally, the quantities defined in terms of Q,
namely ambient dose equivalent, directional dose equivalent and personal dose
equivalent, are to be used for measurement purposes (11, 12). The compatibility of the
operational quantities with the new protection quantities expressing dose limits will be
analysed by R.H. Thomas.

In the future, the centre of interest of the ICRU will continue to be on concepts and
measurement techniques. In addition to a report, in press, on dosimetry of external
beta radiation for radiological protection, two main directions are being pursued in the
field of radiation protection.

The first direction encompasses methods and measurement techniques related to the
assessment of radionuclides. P. Jacob will present a report recently issued on gamma-ray
spectrometry in the environment (13).

All measurements made in the environment are based on the sampling method. In
order to be able to draw inferences for scientific interpretation or monitoring,
requirements for radiological sampling have to be stated and this is new work which is
just starting.

Another report - which is nearing completion - is concerned with direct (in vivo)
measurement of radionuclides in the whole body or in specified organs or regions of the
body.

The second direction is concerned with patient dosimetry in diagnostic radiology. A
report is being prepared on the determination of absorbed dose in a patient from x rays
used in diagnostic and interventional radiology.

The ICRU has an extensive programme on the assessment of image quality in
medical imaging. A report which provides the theoretical framework for image quality
evaluation of all the conventional imaging systems is in print (14). It will be followed by
specific reports on image quality in mammography, nuclear medicine and chest
radiography. All these reports will also deal with the problem of dose reduction which
cannot be separated from considerations on image quality.
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CONVERSION COEFFICIENTS FOR EXTERNAL RADIATIONS

Ralph H. Thomas
Lawrence Livermore National Laboratory, University of California, USA

Early in September 1995, at its meeting in Wiirzburg, the International Commission
on Radiological Protection (ICRP) accepted the report of a Joint ICRP/ICRU Task Group
on External Radiation. A week later, some 230 km to the northwest in Lennep, the
report was also endorsed by the International Commission on Radiation Units and
Measurements (ICRU).

The report will be of general interest to dosimetrists and in particular to those
interested in the estimation of the doses arising as a result of the irradiation of the
human body by ionizing radiations from sources outside the body.

Two sets of quantities are of importance in radiological protection. Dose limits are
expressed in terms of protection quantities and compliance with these limits can be
demonstrated by a determination of the appropriate operational quantity.

In Publication 60 the ICRP made significant changes in its definitions of the
protection quantities and recommended that the -equivalent dose, D,, and effective
dose, E, be used in radiological protection (1). These protection quantities are not
directly measurable. For exposure of humans by sources of radiation outside the body
(external radiations), the convention has been adopted that operational quantities
defined by the ICRU should be used for practical measurements. The two sets of
quantities may be related to radiation field quantities such as particle fluence and in
turn, by sets of conversion coefficients, to each other.

The operational quantities now in use, ambient, directional and personal dose
equivalent, [H*(d), H’(d) and H_(d)], were originally defined to be compatible with
protection quantities defined by ICRP in the seventies (2, 3, 4). Since that time ICRU
has published clarifications to the definitions of the operational quantities; new
physical data bases have become available and improvements have been made in the
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methods of performing radiation transport calculations. These improvements in physical
data and computational techniques would alone warrant a review of the conversion
coefficient datasprovided in ICRP Publication 51 (5).

The significant changes made in the definitions of the protection quantities in ICRP
Publication 60 and the modifications to the definitions of the operational quantities
naturally raise questions as to whether the operational quantities, as currently defined,
are still a good measure of the new protection quantities.

In 1991 the ICRP and ICRU set up a Joint Task Group that was requested to review
published conversion coefficients and related data and to provide to an agreed set of
reference conversion coefficients data for application to external dosimetry for
radiological protection.

The Joint Task Group was asked to:

+ provide conversion coefficients for protection quantities,
« provide conversion coefficients for operational quantities,
* examine the relationship between protection and operational quantities.

The new report, which will be published next year, revises and replaces much of the
data given in ICRP Publication 51 and in ICRU Report 43 (4).

The report analyses the consequences of the changes in the definitions of the
protection quantities recommended in ICRP Publication 60 and, finally, demonstrates
that the operational quantities still function as adequate predictors of the protection
quantities, i.e., that in most practical circumstances they neither under-estimate nor
significantly over-estimate protection quantities. )

Published data were reviewed for photons with energies up to 10 MeV, for neutrons
with energies up to 180 MeV and for electrons with energies up to 45 MeV. The review
was not extended to higher energies because data are not yet available for the
protection quantities defined in ICRP Publication 60.

Reference conversion coefficients relating the protection and operational quantities
to the appropriate physical quantities (e.g., air kerma, absorbed dose or particle
fluence) are in the report.

ICRP Publication 60 redefined the Protection Quantity recommended in ICRP
Publication 26 (Effective Dose Equivalent) essentially by changing the organs and
tissues to be considered, recommending new tissue weighting factors and finally by
changing the methods by which absorbed doses be modified to account for radiation
quality. The operational quantities have been changed both by the revision of the Q-L
relationship in ICRP Publication 60 and new stopping power data reported in ICRU
Report 49. The Joint Task Group Report examines the consequences of these changes in
some detail and concludes that, in most practical circumstances, the operational
quantities defined by ICRU in 1985 still provide a satisfactory basis for measurements
for radiological protection against external radiations. Remarkably, this is so despite
changes in the definitions of the protection quantities, changes in the specifications of
the operational quantities, new physical data and improved methods of calculation.

For photons and electrons, measurement of the operational quantities for area
monitoring will continue to provide a reasonable over-estimate (typically 20 % or more)
of the protection quantities in all irradiation geometries. For neutrons the results are
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more complicated. In most, but not all, irradiation geometries the situation is similar to
that for photons and electrons. There is a particularly important exception for the AP
geometry at low neutron energies (about 1 eV) where underestimates of the protection
quantity by about 25 % can occur. Particular caution is also required when dealing with
neutrons (and other radiations) having energies above about 20 MeV, because the
operational quantities defined at a depth of 10 mm in tissue may not provide sufficient
over-estimation of protection quantities. In those cases where the operational
quantities prove to be unsatisfactory the data provided in the report provide a basis for
the design of adequately protective measurement programmes, the correct
interpretation of measurements results and their relation to the protection quantities.
It is most important to stress that, if reliable results are to be obtained, knowledge of
the neutron spectrum in which measurements are to be made is always highly
recommended.
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GAMMA-RAY SPECTROMETRY IN THE ENVIRONMENT

Peter Jacob
GSF Institut fiir Strahlenschutz, Postfach 1129, D-85758 Oberschleiheim, Deutschland

INTRODUCTION

The term gamma-ray spectrometry in the environment comprises methods based on
an in-situ measurement of the spectral distribution of the photon fluence rate (1). The
first main chapter of ICRU Report 53 (2) summarises the basic principles of gamma-ray
spectrometry. If the measurement devices are coupled to computing devices with
appropriate evaluation programs, they constitute rapid methods for an in-situ
determination of environmental radioactive contaminations being capable to give
radionuclide specific results. The methods considered mainly in ICRU Report 53 refer to
gamma-ray spectrometry at ground-level, to gamma-ray spectrometry operated from
aircraft, and to measurements of spectral distributions of the photon fluence rate and
of absorbed dose rates in air.

Historically, the term in-situ gamma-ray spectrometry has been adopted for
measurements that are performed close to the source, especially for ground-level
gamma-ray spectrometry, mostly performed at a height of 1 m above ground. It is
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mostly performed with high purity n-type germanium detectors. These detectors are
capable to measure the spectral photon fluence in the energy range of 10 keV to 10 MeV,
they have a high energy resolution (in the energy range of 100 keV to 1 MeV it is in the
order of 1 keV), they are robust and need to be cooled only during the measurements.
In ICRU 53, in-situ gamma-ray spectrometry is reviewed and updated by recent results
of photon transport calculations. The sensitivity and the uncertainties are discussed.
Methods for an in-situ determination of the attenuation of the radiation due to the
surface roughness of the ground and the depth distribution in the soil are described.
Some advanced methods in structured terrain (e.g., in urban environments), with
shielded and with unshielded detectors, and the application of on-ground gamma-ray
spectrometry to the determination of radionuclide concentrations in air are reviewed.

Airborne gamma-ray spectrometry, i.e., when spectrometers are operated from
aircraft, is a uniquely rapid method, capable and economical for total mapping of large
areas and for the location of lost radioactive sources. Standard equipment and
methodologies based on geophysical survey techniques with scintillation detectors had
been reviewed by the International Atomic Energy Agency (3) and an IEC standard (4)
defines additionally technical and safety requirements for the equipment. ICRU Report
53 describes the types of equipment currently being used or developed for airborne
gamma-ray spectrometry. Essential features of mapping natural and anthropogenic
radionuclides are summarised. While it is recognized that the many years of practical
application of airborne gamma-ray spectrometry have led to effective empirical
approaches, some progress towards absolute methods involving photon transport
calculations and towards systems incorporating high resolution detectors elements are
discussed.

The last main chapter comprises methods to derive radionuclide specific gamma
dose rates in air from the measured spectra. In addition, methods to determine the full
spectral photon fluence in air, i.e., not only the peaks, are reviewed, expressing the
large potential of photon transport calculations in this field.

GROUND-LEVEL GAMMA-RAY SPECTROMETRY

Radionuclide distributions in the ground are parameterized by the mass per unit
area, z (g cm™), of soil above a given source element. Photons with the same energy as
source photons are called primary photons. A mathematical annex comprises relations
between fluences of primary photons in air and radionuclide concentration in the
ground and in the air for various kinds of source distributions. An important parameter
in these relations is the total mass attenuation coefficient excluding coherent scattering,
w/r (cm? g'l), and its dependence on soil type is discussed.

One criterium for characterising n-type detectors is the ratio L/D of the length to
the diameter of the sensitive detector region. The angular response to various
radionuclide distributions in the ground is shown for detectors with different L/D
ratios.

For monoenergetic sources distributed exponentially in the ground, primary photon
fluences in air are given. Extensive calculation results are presented for anthropogenic
radionuclides. Observations on depth distributions in dependence on the time after the
deposition of anthropogenic radionuclides are summarised. Recommendations are given,
which depth distributions might be assumed for an evaluation of in-situ spectra, if no
site-specific information is available. Minimum detectable activities are given for
characteristic cases and main sources of uncertainties are discussed. Methods for an in-
situ determination of the attenuation by the ground are reviewed. For the first years
after a cesium deposition, a method based on the simultaneous measurements of
primary fluences of xX-ray and gamma lines is shown to be applicable.

In-situ gamma-ray spectrometry in urban environments is reviewed. Shielded
detectors are favourable for determinations of activities per unit area of urban surfaces
like streets, walls or roofs, unshielded detectors are favourable for dose determinations.
Fluences of primary photons in air due to horizontally finite radionuclide distributions
in the ground are discussed.
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Primary photon fluences in air at a height of one meter above ground are tabulated
for natural radionuclides with uniform distributions in the ground and for
radionuclides with uniform distributions in air. Over- and underestimations of
radionuclide activities per unit air volume at the site of measurement due to applying
these factors to finite clouds are discussed. Minimal detectable activities per unit
volume are given for some common radionuclides in air after atmospheric releases of
nuclear-technological plants.

AIRBORNE GAMMA-RAY SPECTROMETRY

The detector types discussed comprise standard geological systems, semiconductor
detectors and combined systems. The main principles of various calibration approaches
are discussed. Currently, the approach mainly used is to calibrate the detector system
in small heights (about 1 m) over finite calibration pads. This type of approach needs
approximations to take properly into account the scattering of the photons in the air
between the source and the aircraft. For standard geological systems with Nal-
detectors, this involves the derivation of the height dependence of the stripping ratios
between the various spectral windows. The corresponding task is much simpler for
germanium detectors with a high resolution. To support further developments on
calibrations comparable to the ground-level gamma-ray spectrometry, tables with
primary photon fluences in three flight heights above ground are supplied for various
exponential source distributions in the ground. '

Airborne systems equipped with air samplers are common in determining
radionuclides in air. Nevertheless, airborne in-situ gamma-ray spectrometry has the
advantage of measuring average concentrations over relatively large volumes without
being subjected to local fluctuations. Also, in the case of accidental releases with high
air concentrations, results may be obtained by overflying the highly contaminated cloud
without flying directly through it. An approach of deriving radionuclide releases from
spectra obtained by overflying a radioactive cloud is reviewed.

DETERMINATION OF GAMMA-RAY DOSE QUANTITIES

Assuming the shape of depth distributions of radionuclides in the ground,
radionuclide-specific gamma dose rates in air may be derived from in-situ gamma ray
spectra. The results for the dose rates depend less on the assumption on the depth
distribution than corresponding results for radionuclide activities per unit area. The
attenuation of the photon fluence is relatively simple to determine by in-situ gamma-ray
spectrometry and laboratory measurements of the radionuclide active per unit area in
soil samples. It is shown, under which conditions this information is sufficient to
determine the radionuclide specific absorbed dose in air with good accuracy.

Extensive tables are given for gamma dose rates absorbed in air due to exponential
distributions of anthropogenic radionuclides in the soil. The tables base on recent
photon transport calculations (6) and a recent compilation of nuclear decay data (6).
Further tables give corresponding results for uniform distributions of natural
radionuclides in the ground and for uniform distributions of anthropogenic
radionuclides in the air.

Measurement procedures of spectral photon fluence and absorbed dose rate
distributions in air are reviewed. Methods to establish detector response functions by
exposing them to monoenergetic or bienergetic gamma sources and applying appropriate
interpolation functions are discussed. The high accuracy being obtainable by photon
transport calculations of the response function of high purity n-type germanium
detectors is demonstrated for applications to spectral photon fluences close to a 152g,,
source, in air over a contaminated free field and inside a house that is exposed to a
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ELECTROMAGNETIC FIELDS AND CANCER:
HOW ICNIRP HAS DEALT WITH THE ISSUE

Michael H Repacholi
Chairman, International Commission on Non-Ionizing Radiation Protection.
Radiation Specialist, World Health Organization, 1211 Geneva 27 Switzerland

INTRODUCTION

Whether exposure to electromagnetic fields (EMFs) cause cancer has been vigorously
debated for many years and has been the most vexing issue with which ICNIRP has had to deal
during its short existence. There have been three parts of the electromagnetic spectrum that the
issue of cancer has raised: static (0 Hz) magnetic fields, extremely low frequency (ELF) fields
(defined as >0 - 300 Hz, but concerns have been raised almost exclusively at the power
frequencies of 50/60 Hz), and radiofrequency (RF) fields (300 Hz - 300 GHz). By far the major
problems have arisen during the contruction of new high voltage transmission lines and mobile
telephone systems. Actions by protest groups concerned with possible health effects, especially
with cancer in children, has now reached such a scale that it is costing electrical utilities and
communications companies billions of dollars annually world-wide. With such high stakes,
ICNIRP has had to be extremely careful in its evaluation of the scientific literature, use valid and
defensible methods of literature review, and be completely independent of any special interest
groups.

ICNIRP has had to continuously monitor the scientific literature to determine if any
studies provide evidence strong enough to warrent a re-evaluation of the guidelines on exposure
limits. This has been an increasing problem, particularly in this age of rapid communications (eg
INTERNET), where information on new studies is quickly disseminated, evaluated and
distributed to various special interest groups around the world who want to know what these
studies will mean with respect to standards.

ICNIRP is a collaborator in a the International EMF Project with WHO, the International
Agency for Research on Cancer, and many other international and national organizations having
responsibility for EMF protection. The objectives of the Project are as follows:

@) Pool resources of international and national agencies and key scientific institutions in the
environmental health domain working on the biological effects of electromagnetic fields.

(ii)  Identify gaps in scientific knowledge, provide protocols for the conduct of this research
and encourage research in those areas that will lead to better health risk assessments.

(iii)  Provide authoritative, independent, scientific, peer-review of the scientific literature, with
fully substantiated recommendations.

(iv)  Publish an updated EHC monograph giving a health risk assessment using results obtained
during the Project on health effects of exposure to static, ELF and RF fields. This monograph
would clearly differentiate between well established effects and those requiring further research.

(v)  Publish an EHC monograph on risk perception, risk communication and risk management,



and public and occupational health policy.
(vi) Publish reports on appropriate topics to assist and support national health programs.

(vii)  Use modem efficient means of communicating essential research information and findings
which develop during the project.

It should be clearly understood that ICNIRP is a full partner in this Project and that the
conclusions on health risk will assist ICNIRP to draft its own guidelines on exposure limits. A
more complete description of the Project is available from WHO.

This paper summarises what criteria ICNIRP uses to review the literature, its response to
EMF exposure and cancer, and its current position on static, ELF and RF fields.

HOW ICNIRP ASSESSES THE SCIENTIFIC LITERATURE
Scientific studies are in three categories:

@) In-vitro studies conducted on isolated components of biological systems such as
solutions of molecules (eg DNA), cultures of cells, or pieces of tissue. These studies are important
for determining possible mechanisms by which EMF fields interact with biological systems and
for identifying appropriate end-points and exposure conditions to be tested in whole animals.
Determining mechanisms of interaction is important to give an understanding of how EMF fields
act at the molecular or cellular level, and thus allow an extrapolation to the whole animal level.
Studying simple systems allows interactions to be detected that may be masked in the complexity
of interactions that occur normally at the whole animal level. It is because of this that biological
effects found to occur at the molecular or cellular level cannot be assumed to occur at the whole
animal level. Thus biological end-points found in-vitro must still be tested in-vivo.

(ii)  In-vivo studies are conducted on complete biological systems such as laboratory
animals. The great advantage of these studies is that they are conducted under carefully controlled
laboratory conditions where all environmental and exposure parameters are kept constant. The
only difference between exposed and unexposed animals should be the actual exposure to EMF
fields they receive. Since experiments cannot normally be conducted on humans, animal studies
are very useful for making health risk assessments related to human exposure. However, when
evaluating animal studies, it is important to remember that the results of these studies are only
applicable to humans if the effects observed occur in a number of different animal models. This
is necessary because one particular animal model may be extremely sensitive to a particular end-
point and have characteristics that are not observed in humans.

(iii) Human studies can be conducted on volunteers in the laboratory or on different
populations of people in the living and working environment. Laboratory studies are conducted
with the approval of the volunteer, and have the advantage of allowing exposures under strictly
controlled conditions (as with animal studies). However the end-points that can be studied are
limited. End-points such as cancer and mortality obviously cannot be studied on laboratory
volunteers.
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Studies on populations are called epidemiological studies and have the advantage of being
non-intrusive. They compare the differences in the incidence of or mortality from some
predetermined disease or diseases in populations. Generally one population is exposed to EMF
fields and is compared with a population not exposed or at least having a much lower exposure
to EMF fields. The major difficulty is to obtain two identical groups in sufficient numbers where
the only difference is their exposure. This can become a significant problem when studying rare
diseases such as cancer. However, these studies can indicate differences in the incidence of
disease; the difficulty then being to attribute this difference to the EMF exposure and not some
other factor in the living or working environment that is not detected as a difference between the
two groups (eg chemical exposure in the workplace).

Criteria for evaluating scientific studies

When reviewing the scientific literature, certain criteria must be met if claims of a positive or
negative effect are to be accepted into the database for conducting a human health risk assessment
(Repacholi & Stolwijk 1991):

1) Experimental techniques, methods and conclusions should be as completely
objective as possible, using biological systems appropriate to the end-points studied. To safeguard
against bias, researchers should use double-blind techniques. Appropriate controls must be used
for valid comparison of results. The sensitivity of the experiment must be such that there is a
reasonable probability that an effect could be detected if it exists.

2) All data analyses should be fully and completely objective, no relevant data shouid
be deleted from consideration and uniform analytical methods used. Data from experiments
within the same protocol should be internally consistent.

3) The published descriptions of the methods should be given in sufficient detail that
a critical reader would be convinced that all reasonable precautions have been taken to meet
requirements 1 and 2.

4) Results should demonstrate an effect of the relevant variable at a high level of
statistical significance using appropriate tests. The effects of interest should ordinarily be shown
by a majority of test organisms and the responses found should be consistent.

5) Results should be quantifiable and susceptible to confirmation by independent
researchers. Preferably the experiments should be repeated and the results confirmed
independently; or the claimed effects should be consistent with results of similar experiments,
where the biological systems are comparable.

6) Results should be viewed with respect to previously accepted scientific principles
before ascribing them new ones.

While it will not be possible for all the above criteria to be applied to all experiments, these
criteria provide a guide when determining what effects are established and can be used in a health
risk assessment, and those that merely raise a hypothesis that needs to be tested, or those resuits
which should be considered as preliminary and needing confirmation. Information from the
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various types of laboratory and human studies, including the limitations in the amount of
information they can provide, is also taken into account when conducting health risk assessments.

Assessment of epidemiological studies
Epidemiological demonstration of an association between two variables need not imply

causality - both may be due to a common factor. However, establishment of causality is enhanced
if (Miller 1986, 1989):

a) the presumed causal event precedes the effect,

b) one rather than multiple cancers are caused by a given exposure; giving
specificity of effect,

c) a dose-response relationship exists,

d) there is consistency with other observations on cause and effect,

e) there is the exclusion of concomitant variables, or no alternative
explanations,

f) the effect disappears when the cause is removed, and

g) the results are consistent with those from animal experimentation and other

human observations.

Not all of these factors can be evaluated or will be true for even the most fully studied
effects of an environmental exposure. It is known for example, that ionizing radiation induces
various but not all forms of cancer. However, laboratory evidence is normally necessary to
support the human studies. In other words, if there is truly a link between exposure to EMF and
cancer, one would expect that laboratory studies on animals should show that EMF can cause
cancer. If the laboratory studies do not show this and the human studies suggest only a weak
association, then most likely there are problems with the human studies and they are not reaching
valid conclusions.

What are the factors that must be taken into account when reviewing the epidemiological
studies? What problems could affect the validity of associations found in epidemiological studies?
There are four factors that could result in false associations in epidemiological studies:

- inadequate dose assessment: It is necessary to determine with some reasonable
accurately a person's exposure to EMF. If these fields are associated with cancer, what aspect of
the field is involved? To date it has been very difficult to gain incites into what should be
considered as our concept of "dose" for EMFs.

- confounders: Other cancer risk factors could be causing a false association between

exposure to EMFs and risk of cancer. Associations between things are not always evidence for
causality. Exposure may be associated with a cancer risk other than EMFs. If such an associated
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cancer risk were identified it would be called a "confounder" of the epidemiological study. An
essential part of epidemiological studies is to identify and eliminate possible confounders. Possible
confounders may be exposure to herbicides and chemicals such as PCBs, traffic density, socio-
economic class and population mobility.

- inappropriate controls: The control groups must be selected to match as closely as
possible all aspects (age, sex, socio-economic status, occupation etc) of the cancer cases (in a
case-control study, which most of the epidemiological study reports are). An inherent problem
with many epidemiological studies is the selection of a "control" group that is identical to the
"exposed” group for all characteristics related to the disease except the exposure. This is
especially difficult for rare disease such as leukaemia and brain cancer where the risk factors are
poorly known. An additional complication is that people must consent to be in a "control" in a
study, and participation in such studies is known to depend on many factors such as socio-
economic class, race and occupation which are linked to differences in cancer rates.

- publication bias: Studies reporting positive results are much more likely to be accepted
for publication than those with negative results. This would have the effect of skewing any
analyses of a number of studies and severely bias meta-analyses that attempt to combine all studies
(positive and negative) to investigate trends from a group of studies. Such study groups may
erroneously contain more positive studies if negative studies are not published. This can happen
because scientific journals are more interested in these for sales and publicity purposes or authors
may not feel inclined to publish. Publication bias can thus increase apparent risks. This can effect
both epidemiological as well as laboratory studies. Several specific examples of publication bias
are known in studies of electrical occupations and cancer (see NRPB 1992). In their review
Coleman and Beral (1988) reported the results of a Canadian study that found a RR of 2.4 for
leukaemia in electrical workers. However, NRPB (1992) found that further follow-up of the same
Canadian workers showed a deficiency of leukaemia (a RR of 0.6), but that this has never been
published.

In reviewing the scientific literature, these factors must be taken into account to reach
valid, supportable conclusions.

STATIC MAGNETIC FIELDS

There has been increasing concern among workers and the general public that exposure
to static magnetic fields may be detrimental to health. This concern has been heightened by the
increasing number of sources of exposure to these fields, and the ongoing debate about the
possibility that exposure to 50/60 Hz magnetic fields may increase the incidence of cancer, with
the implication that static magnetic fields may also be carcinogenic. Concerns have also been
expressed because the next generation of train will use static magnetic fields (the magnetic
levitation trains). The trains would expose very large numbers of people to quite strong static
magnetic fields. In the field of medical diagnosis, magnetic resonance imaging units now expose
patients and operators to magnetic fields as strong as 2 T. In the future, magnetic resonance
spectroscopy could expose patients to fields up to 10 T.

Static magnetic fields are produced either by permanent magnets or whenever a direct
current (DC) flows in a conductor. Direct currents are used to plate metals onto electrodes and
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so static magnetic fields are produced around the electrolysis tanks. Magnetic fields are not
appreciably distorted or attenuated by the human body. However they induce electrical currents
in the body wherever there are moving parts (eg heart pumping or the body moving through the
magnetic field). Thus, while adverse effects ( such as involuntary nerve and muscle stimulation)
could occur as a result of these induced currents, the cancer issue still had to be addressed.

ICNIRP completed a thorough review of the available literature on static magnetic fields
in conjunction with the World Health Organization (UNEP/WHO/IRPA, 1987) and published a
statement on magnetic resonance imaging (INIRC/IRPA, 1991). ICNIRP guidelines on exposure
limits to static magnetic fields were published in 1994 (ICNIRP, 1994). No substantiated
evidence was found to suggest that exposure to these fields is in anyway carcinogenic.

ELF FIELDS

Many studies have suggested that children exposed to 50/60 Hz magnetic fields,
determined by residence near high current electrical installations (high voltage transmission lines,
high current distribution lines, pole transformers etc) were at an increased risk of leukaemia or
brain tumours. Later studies, using direct measurements and calculations of historical magnetic
fields, have also suggested an increased risk of childhood cancer, and an increased carcinogenic
risk in workers whose occupations have a higher exposure to magnetic fields.

Childhood epidemiological studies, when considered together, suggest there may be an
association between cancer and exposure to 50/60 Hz magnetic fields. However, the average odds
ratio for these studies is only of the order of 2.0. These odds ratios are quite smail when one
compares the odds ratios for cancer induction reported for smoking and X-ray exposure. When
the odds ratios are so low, it would be more convincing that a true association exists if there were
well conducted and independently confirmed laboratory studies indicating that 50/60 Hz field-
exposure of animals or some recognised biological systems would either cause cancer directly
or provide reasonable evidence that these fields influence the process of carcinogenesis. It is not
necessary that a mechanism be found which would explain how such exposure had a carcinogenic
effect, but merely that when the effect was found, it was statistically significant and independently
replicated, and that a clear link with human cancer was established. Evidence from the animal
studies to support the epidemiological evidence is lacking (Repacholi 1995).

Another major problem with these studies has been the lack of a clearly defined magnetic
field measure (no concept of "dose" or the biologically active component of the magnetic field).
In addition, many studies have had very iow numbers of cases. To determine if a subtle effect
exists on the incidence of rare cancers from magnetic field exposure, large numbers of cases and
controls are needed. Of great concern has been the lack of consistency between study resuits.
Some studies have suggested an increased leukaemia risk but not brain tumours while others have
suggested exactly the opposite or reported no effect on cancer incidence at all. The problems with
the 50/60 Hz epidemiological studies has lead to the necessity to conduct large animal studies to
determine if indeed magnetic field exposure leads to an increased incidence of cancer.

ICNIRP has had to be very vigilent in this area because of the division of scientific opinion

and more recently because of the unfortunate "leak"” of a draft report from a National Commission
on Radiological Protection and Measurement (NCRP) subcommittee responsible for identifying
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health effects of ELF fields. Aside from the guidelines on exposure limits to 50/60 Hz fields issued
in 1990 (INIRC/IRPA, 1990), ICNIRP reviewed the literature and reaffirmed the guidelines by
issue a press release in 1993 (ICNIRP, 1993). ICNIRP is currently reviewing the scientific
literature and drafting a set of guidelines that will provide exposure limits for electromagnetic
fields from 0-300 GHz.

RADIOFREQUENCY FIELDS

It has also been suggected for many years that exposure to radiofrequency fields may also
be associated with an increased incidence of cancer. Most recently ICNIRP has been confronted
with concerns of people who find mobile telephone towers built near their home or schools. In
addition there is the problem of the use of the mobile telephones themselves. They present an
near-field exposure situation not anticipated by the RF guidelines published in 1988 (INIRC/IRPA
1988). In collaboration with WHQO, INIRC/IRPA reviewed the RF literature and this was
published in 1993 (UNEP/WHO/IRPA 1993). However, the issue of mobile telephones and their
base stations resuited in the need to study possible effects from pulsed RF fields. ICNIRP has
completed a review and is publishing the statement entitled "Health issues related to the use of
hand-held radiotelephones and base transmitters” (ICNIRP-1996). A briefly summary of the
reviewe is given below.

No consistent biological effect has been found in molecules or components of body cells
exposed to RF fields, other than those effects caused by temperature increases. Researchers in the
US reported that modulated microwave exposure of chromosomally abnormal cells which were
treated with X-rays and a chemical promoter showed an accelerated rate of change from normal
to cancer cells (Balcer-Kubiczek and Harrison 1991). While inconsistencies have been noted
between various of these studies, the results are important. However, their implications for
carcinogenesis in humans are not clear. This type of study tends to be susceptible to a variety of
experimental confounding factors and needs independent confirmation.

Possible effects on DNA and chromosome structure are an important consideration in
somatic cells, where such changes could lead to cell death or the development of cancers. If these
changes occur in the male or female germ cells, surviving mutations might be passed on to the
next generation. A large number of studies have been conducted in various somatic cells
(Saunders et al 1991; NRPB 1992, 1993; UNEP/WHOQO/IRPA 1993) and most have reported a
lack of effect on chromosome aberrations and single or double strand breaks in the DNA. Studies
on the germ cells also suggests that acute or chronic exposure to RF does not result in increases
in mutation or chromosome aberration frequency when the temperature is maintained within
physiological limits. Where increased frequencies of chromosomal aberrations have been reported,
these studies have not been successfully replicated. Chronic exposure experiments, which are
relevant to long term RF exposure from base stations, have not produced any evidence of
chromosomal aberrations in rodents exposed to SARs from 1-5 W/kg (UNEP/WHO/IRPA 1993).

In two recent rodent studies, there is the suggestion that RF fields may affect DNA
directly. When mice were exposed to 2.45 GHz fields at 1 mW/cm? (SAR 1.18 W/kg) for 2 h/d
for 120, 150 and 200 days, there was an indication of structural genomic rearrangement in brain
and testes cells (Sarkar et al 1994). Lai and Singh (1995) report that rats exposed to pulsed (2 ps
pulses, 500 pps) or continuous wave 2.45 GHz fields with SARs of 0.6 or 1.2 W/kg for 2 h
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increased the number of single stand breaks in brain DNA. Both these papers produce quantitative
data subject to sources of inter-trial variation and experimental error such as incomplete DNA
digestion (Sarkar et al) or unusually high levels of background DNA fragmentation (Lai and
Singh). These experiments should be replicated before the results can be used in any health risk
assessment, especially given the weight of evidence suggesting that RF fields are not genotoxic
(UNEP/WHO/IRPA1993).

A review of the laboratory studies conducted with WHO (UNEP/WHO/IRPA1993)
concluded that RF field exposure is not mutagenic and is therefore unlikely to initiate damage
directly to the DNA which would lead to cancer. The evidence for RF exposure causing tumour
promotion or progression is not convincing but deserves further investigation.

Epidemiological studies have been conducted to assess the general health patterns and
cancer risk among several groups of workers that were occupationally exposed to RF fields.
These studies involved radar workers (Robinette et al 1980) and Moscow embassy workers
chronically exposed to low-intensity microwaves for surveillance purposes (Lillienfeld et al.
1978). One of the more important studies conducted so far were the large epidemiological studies
on Korean War radar technicians exposed to various levels of RF. No adverse health effects were
established.

CONCLUSIONS

There is very little evidence to suggest that static fields have an effect on any stage of
carcinogenesis. The major animal studies provide little convincing evidence that 50 Hz fields can
promote cancer. There is some evidence that 50/60 Hz magnetic fields may be cancer co-
promoters in tissues that are in the process of carcinogenesis, but the health impact of such a
finding remains unclear.

With respect to whole-body RF exposure, the conclusions of the 1988 IRPA/INIRC
guidelines remain valid. However, additional guidance has been given for mobile telephones. The
conclusions of the ICNIRP (1996) statement are given below.

1. The results of published epidemiological studies do not form a basis for health hazard
assessments of exposure to RF fields, neither can they be used for setting quantitative
restrictions on human exposure. They do not provide a basis for hazard assessments in
relation to the use of hand-held radiotelephones and base transmitters.

2. Data from laboratory studies relevant to cancer do not provide a basis for limiting
exposure to the fields associated with the use of hand-held radiotelephones and base
transmitters.

3. Limits for human exposure to the fields associated with the use of hand-held

radiotelephones and base transmitters should be those of the INIRC (IRPA/INIRC 1988)
for whole body average SAR and those of ICNIRP for localised SAR set out in this
document.

4, There is no substantive evidence that adverse health effects, including cancer, can occur
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in people exposed to levels at or below the limits on whole body average SAR
recommended by INIRC (IRPA/INIRC 1988), or, at or below the ICNIRP limits for
localised SAR set out in this document.

5. At the frequencies and power levels involved in the use of hand-held radiotelephones there
will be no concern about shocks and burns.

6. The localised SARs in the head associated with the use of hand-held radiotelephones must
be assessed for each frequency and configuration used.

7. For hand-held radiotelephones used in occupational situations, ICNIRP recommends that
the localised SAR in the head be limited to 10 W kg™ averaged over any 10 g mass of
tissue in the head (0.1 W absorbed in any 10 g mass of tissue in the head).

8. For hand-held radiotelephones used by the general public, ICNIRP recommends that the
localised SAR in the head be limited to 2 W kg™ averaged over any 10 g mass of tissue
in the head (0.02 W absorbed in any 10 g mass of tissue in the head).

9. The use of radiotelephones should be restricted to areas where interference effects are
unlikely to occur (for example, well away from hospital intensive care departments and
similar locations). Manufacturers of electrical equipment are encouraged to design and
manufacture equipment that is insensitive to RF interference.
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Abstract. The current status of internationally agreed principles for intervention after a nuclear accident or
radiological emergency and the international development of intervention guidance since the Chernobyl accident
are reviewed. The experience gained after the Chernobyl accident indicates that the international advice on
intervention existing at the time of the Chernobyl accident was not fully understood by decision makers neither
in Western Europe nor in the former USSR and that the guidance failed to address adequately the difficult social
problems which can arise after a serious nuclear accident. The radiation protection philosophy of today
distinguishes between practices and interventions. The radiological protection system of intervention includes
-justification of the protective action and optimization of the level of protection achieved by that action. Dose
limits do not apply in intervention situations. The inputs to justification and optimization studies include factors
that are related to radiological protection, whereas the final decisions on introduction of countermeasures would
also depend on other factors. The basic principles for intervention as recommended by international organisations
are discussed in detail and the application of the principles on a generic basis is illustrated for long-term
protective actions. The concepts of intervention level, operational intervention level and action level are presented
and the relation between these quantities is illustrated. The numerical guidance on intervention in a nuclear
accident or radiological emergency or a chronic exposure situation given by ICRP, IAEA and in the Basic Safety
Standards is presented.

1 Practices and interventions

The latest recommendations from the International Commission on Radiological Protection [1]
outline the systems of protection for practices and interventions. Human activities that add
radiation exposure to that which people normally incur due to background radiation, or that
increase the likelihood of their incurring exposure, are termed practices. The human activities that
seek to reduce the existing exposure, or the existing likelihood of incurring exposure which is not
part of a controlled practice, are termed interventions. The concepts of dose addition in a practice
and dose reduction in an intervention are shown in Fig. 1.

Dose limit

Fig. 1. Exposure situations for practices (a) and interven-
(@)  Practice I +AE tions (b). In a practice the dose increments +AE are con-

trolled within the dose limit. In an intervention situation
the dose decrement —AE or avertable dose is the result of
the protective action.

(b)  Intervention -AE

For practices where the occurrence of the exposure is foreseen, the recommendations include the
control of the source and limitation of exposure. Such situations include medical exposure,
occupational exposure and exposure of the general public, and the system of protection includes
the justification of the practice, optimisation of protection and imposition of overall dose limits.



In some situations the sources, the pathways and the exposed individuals are already in
place when the decisions about control measures are being considered, and protection can
therefore only be achieved by interventions, which always have some disadvantages. The system
of protection for interventions include the justification of the intervention and the optimisation of
the form, scale and duration of the intervention so as to maximize the net benefit.

The dose limits recommended by the Commission are intended for use in the control of
practices. The use of these dose limits, or of any other pre-determined dose limits, as the basis
for deciding on intervention might involve measures that would be out of all proportion to the
benefit obtained and would then conflict with the principle of justification. The two different
protection systems for practices and interventions are shown in Fig. 2.

Fig. 2. Systems of radiation protection for
practices and interventions. The major differ-
ences between the two systems are that dose

Practice Intervention

Each practice should be Each protective measure
justified

should be justified limits do not apply in the system of interven-
The doses adding up in The level of protective | tions and that different dose quantities apply.
practice should be k t measures ting in
low as reasonably dose subtraction should
achievnble be op!

The sum of doses in a
gractxce should be kept
elow specified dose

2 Basic principles for intervention

An intervention should be justified in the sense that the introduction of protective measures should
achieve more good than harm, and the level at which an intervention is introduced, and the level
at which it is later withdrawn, should be optimized so that it will produce the maximum net
benefit, i.e. do the most good.

A. JUSTIFICATION AND OPTIMIZATION OF PROTECTIVE ACTIONS

The avertable dose by the protective action, AE, can be found as the difference between the dose
without any actions, and the dose after implementation of a protective action. The process of
justification and optimization both apply to the protective action, so it is necessary to consider
them rogether when reaching a decision.

Justification is the process of deciding that the disadvantages of each component of inter-
vention, i.e. of each protective action or, in the case of accidents, each countermeasure, are more
than offset by the reductions in the dose (avertable dose) likely to be achieved.

Optimization is the process of deciding on the method, scale and duration of the action
so as to obtain the maximum net benefit. In simple terms, the difference between the disadvantages
and the benefits, expressed in the same terms, e.g. monetary terms, should be positive for each
countermeasure adopted and should be maximised by setting the details of that countermeasure.

Each of the factors describing the net benefit achieved by the protective measure have to
be expressed in the same units. These units can be dimensionless quantities as used in
multiattribute analysis, or values could be expressed in equivalent years of lost life. Normally in
cost-benefit methods values are expressed in monetary units. However, it is the relative values
placed on the components and their weighting one to another that is important, rather than the
absolute unit. The use of a particular currency is relatively unimportant, as all terms could be
evaluated as fractions of a country’s gross national product (GNP) per head to allow for
differences per head between countries. )

If a protective measure were introduced at time ¢, and lifted at time ¢#,, the avertable dose,
AFE would be equal to the time-integral of the dose per unit time, E(t), over this time interval, .
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The avertable effective dose, AE, and the effective dose per unit time, E, are shown in Fig. 3.

Fig. 3. Avertable dose, AE, when the pro-
tective measure is introduced at time t, and
lifted again at time t,.

B. INTERVENTION LEVELS
Intervention levels refer to the dose that is
expected to be averted (avertable dose) by a
specific countermeasure over the period it is
in action. If an intervention level is exceeded,
ie, if the expected avertable individual dose is
greater than the intervention level, then it is
indicated that the specific protective action is
likely to be appropriate for that situation. Intervention levels (ILs) are specific to accident
situations. The intervention level is defined as [5]:

Dose per unit time, E(f)

Time after start of accident

Intervention level is the level of avertable dose at which a
specific protective action or remedial action is taken in an
emergency exposure situation or a chronic exposure situation

Recommended intervention levels from the IAEA and ICRP for the major protective actions in
a nuclear emergency are shown in Table 1 [2,3,5]. These recommendations are based on generic
optimization as shown below.

Table 1. Summary of Recommended intervention levels from ICRP Publication 63 and IAEA
Safety Series No. 109.

(less than 1 week)

Temporary
relocation

Permanent
resettlement

Protective IAEA generically optimized ICRP range of
measure intervention levels optimized values
Sheltering 10 mSv 5 - 50 mSv
(less than 1 day)
Administration of 100 mGy to thyroid 50 - 500 mSv
stable iodine to thyroid
Evacuation 50 mSv 50 - 500 mSv

initiate at 30 mSv in a month
and suspend at 10 mSv
in a month

if lifetime dose would
exceed 1 Sv

almost always justified

at a dose level of 1 Sv

5 - 15 mSv/month as
an optimized range

The optimized intervention level could either be expressed as an individual dose, E, averted per
unit time or as a collective dose, S, averted per unit mass of a given foodstuff, both given at the
end of the interval, T, for which the countermeasure, introduced at time ¢#;, would have to be in
action [2,3,4]:

The costs parameters in the above expressions, ¢ (cost per unit time of implementing a given
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countermeasure), b (cost per unit mass of restricting a given foodstuff) and « (monetary value of
a unit dose averted) are likely to be similarly correlated to national wealth and thus susceptible
to a relatively large variation between countries. However, their ratios would in general be much
less sensitive to geographical location than either of the cost parameters alone.

The monetary value of a unit dose, o, would be related to the risk per unit dose, R, and
the statistical loss of life expectancy, AL, per radiation induced cancer as o0 = R AL GNP, with
some allowance for loss of quality of life for non-fatal cancers and severe hereditary effects. For
rich developed countries the value of GNP is of the order of $ 25,000 year™ which would give
a reference value of a of $ 25,000 per sievert. For less developed countries o-values would be
correspondingly lower. Generically optimized intervention levels would, however, be more or less
country independent.

C. OPERATIONAL INTERVENTION LEVELS

Because of the inherent difficulty of forecasting doses that could be averted, there is a merit in
establishing surrogate quantities such as dose rate in air, surface contamination density and
activity concentration in air. The relationship between these quantities and the avertable dose will
vary considerably with the circumstances of the accident and nature of contamination. The oper-
ational quantities would, therefore, be both accident and site specific but would still be
inextricably linked to the avertable dose.

The term "operational intervention level (OIL)" is reserved for quantities that can be more
easily assessed at the time of decision on intervention such as dose rate, activity concentration,
surface contamination density, etc. OILs are related to the dose that could be averted by a specific
protective action like evacuation, relocation and banning of foodstuffs.

In general terms, the avertable dose, AE, from all exposure pathways by implementing a
given countermeasure can be expressed by a measurable quantity, g. The operational intervention
level can be determined from the intervention level (IL) as follows:

IL

Y AEg-))
pathways

OIL =

It should be recognised that in the calculation of ZAE(g=1), summed over all pathways, p, site
specific parameters like location/filtration factors and indoor/outdoor occupancy have to be used.
For long-lived y-emitting radionuclides like 'Cs/'"*Cs the value of TAE(g=1) would be
approximately 200 mSv-month™'/mSv-h™ for a time-averaged location factor of 0.3, g being the
outdoor dose rate, The OIL,, for relocation corresponding to an IL of 10 mSv-month™ can thus
be calculated from the above formula to be about 50 pSv-h’'. When the outdoor dose rate from
long-lived y-emitting radionuclides therefore exceeds 50 uSv-h, it is indicated that temporary
relocation might be needed.

D. ACTION LEVELS

Action levels refer to different protective measures or strategies of actions like agricultural
countermeasures or radon reducing measures in houses and they relate to the residual dose without
remedial actions. The action level is defined as [5]:

Action level is the level of dose rate or activity concentration
above which remedial actio