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Abstract

It is established that calculation of radiocactive intake (or
accumulation) into the body according to the controlled dosimet-
ric parameter requires some statistic data about specific pecu-
liarities of the investigated object.

This paper presents data about statistical distribution fun-
ctions of the radionuclide concentration ratio at the sampling
point to its concentration at the respiration zone, protective
efficiency of individual protective means, elimination of the
radionuclide from the body and others; it gives en estimate of
the errors for determining an inhalation intake of radiocactivity
into the body.

Various techniques for controlling an intermnal radiation ex-
posure is analysed.

1. Basic environmental data

In order to estimate accumulation of radiocactive substances
within the body of people by data on the contaminated air it is
necessary to know aerosol characteristics averaged over human
locations during the working shift with due account for the ef-
ficiency of individual protective means., But the necessary qua-
litative and quantitative dabta are usually fully lost when sta-
tionary samplers are used. This is confirmed by the tabulated
data. The data obtained from stationary aerosol radiometers ap-
proach those from individual air samplers for rooms which lack
local powerful sources of air contamination (Table 1). Otherwise
discrepancy of the data will be by the order of several tens,

*
Table 1

Comparative estimate of the data obtained from stationary and
individual samplers

The ratio of the data obtained from an

Raracteristics individual sampler to those from a
contaminabing stationary one (the log-normal concen-
SOUDCEs tration distribution law)
max1mum standard
mean (seen median geometric
de facto) deviation
Tocal sources of initia
contamination are avail-~
able 24 500 12 342
No sources of initial
contamination 2.5 5 1.8 2.5

*Both for this Table, and for Table 2-4 there were usual
statistical methods to estimate the statistical confidence
of data.
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Efficiency of individual respiratory protective means is of
great importance for calculating the value of inhaled radioacti-
vity.

Table 2 shows the practical decrease rate in contamination
of the inhaled air by a respirator of the "Lepestok" type. Both
the relatively small efficiency of respirators for low contami-
nated air and the besser efficiency (comparing to the value fo-
unded in the laboratory) for the higher level of air contamina-
tion are resulted from time of using of respirators during one
working day. ("Lepestok" is the respirator of the simple type).

Table 2
Efficiency of the respirator "Lepestok"
The decrease rate in contaminacion of the inhaled air

(follows the log-normal law)
ng iizel in laborat?ry X~
s . I periments (accord-
congigina in real conditions ing tonS. M. Goro-
dins
maxi standard geo-
average| .. median| metrical de-~| average | median
viation
Below APC 24 300 12 3.2 680 450
Above APC 350 2000 160 3.6

Therefore both the stationary samplers and individual ones
have some positive or negative aspects, but can't used in order
to estimate the real individual intakes of airborn radiocactive
substances, This conclusion will be also confirmed by next dis~
cussion.
Dispersity of alpha-active airborn particles deposited at
the external nosal orifices and present in the inhaled air and
in the air of working premisis is estimated in Table 3, where
the following designations are accepted:
[z - geometrical mean radius, s
Af; - maximum radius of the airborn particle in the sample.
Geometrical mean radius of the log~normal distribution is
determined by the ratio oe 2 7 —
lof <ot Jlrresp f- (HHE) Pt s Ty
bha - sta?n’ciar'g deviStion of the radius ogarithm; Ilg; Z[ "6’) .
4;.,_ - geometrical mean activity radius for the norf=limi gd Ll
AT log-normal distribution.
Q;(Zh!) - geometrical mean activity radius for the limited log-

. norma.J_. istribaéion 3 q')-z
Sinj= 54 (as ":7[# "’(&U/ (%), lom (Cirm)= 155 8 wh(ge
’ 1 ,
& =55 9wl v23943)], B-25[P() 1]
PE) =4 Je g - Saues proveni-

4;,(2%1}- activity median radius wi%th account for the limited
log-normal distribution
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Bstimation of the confident interval indicated that with the
level of significance 0,05 the intervals were not overlapped.
This resalt is caused by the difference in the size distribution
of airborn particles collected by three various techniques. Nei~
ther Fisher relation is followed. Therefore the difference of
the mean standard deviations should be considered significant.

Table 3
Dispersity of airborn particles
Averaged dispersity of airborn particles

Collection po lom (£ )
technique 7: arm (Lirm
Stationary )

sampler 2.4 3.8 44120 39 20=32 20-39
Individual

sampler 3.2 1.5 21-34 70 11-17 12-19
Smears from

the nose 4,3% 0.53] 15=32 290 17=20 18=20

On the other hand limited aserodynamic activity radiuses with
permissible dosimetric error coincide (Table 3). Therefore the
activity fraction settleq at various parts of the respiratory
tract calculated by AMAD ' will be equal. Individual protective
respiratory devices are thought practically not to modify dis-
persity of the inhaled dust in the case of coarse-grained parti-
cles, Table 4 gives comparative results obtained by three vario-
us techniques in the course analysis of the daily inhalation in-
take for 3 groups of workers.

Table 4

Comparison of various techniques for determining the daily
inhalation intake A by the average values in terms of A1q
for the use of individual protective means

No Thechnique The group of workers he number
for 1 2 % bf analy- Note
i determining ces for °
the intake A,; Vezi i o Asi vesi 11 groups
1f{ Analysis of With ac-
excretions 115,910,971 4.8]0.63] 5.2 131 count for
solubili-
ty of
dust de-
termined
by expe-
riment
Smears from With acco-
the nose P.83 ] 2.8 1.1] 3.7 6 5.3 77 unt for
dispersi-
ty of dust
determin-
ed by sta-
tionary
samplers
3l Individual Assuming
samplers the volume
(without ac- of the inha-
OBES TOT  heo |2.4fus0| 4.3| p90| 3.2 ou [Led 8LZ/10
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6z - corresponding /4 : distribution standard geometrical devi-

ation. }

Therefore it is believed reasonable that the value of indi-
vidual inhalation intake (or accumulation) into the body should
be calculated ether by the indications of smears taken from the
external nosal orifices or by the excretion dates, whereas acti-
vity distribution over the respiratory tract may be estimated
with due accuracy by means of stationary or individual samplers
(if dispersity is correctly averaged by stationary samplers).
The last remark is important for those working rooms where dis-
persity of airborn particles is changed as a function of working
locations and the type of technological operation and consequen-—
tly the level of dust penetrating the lungs is also changed.

Thus, determination of actual accumulation of activity with-
in the body due to inhalation requires both measurement of indi-
vidual inhalation intake and one of dispersity of the inhaled
aerosols by a direct method. Determination of dispersity can be
substituted by the estimation of the relative value of penetrat-
ing airborn particle fraction. Practically the most suitable is
combination of the method for determining the intake by the sme-
ars rrom the nose and selective individual samplers provided
with presettler,

If these requirements are not fullield the use of average
values may lead to errors in calculating the individual intake
by several orders of magnitude:

- up to 20 times due to disparity of stationary and indivi-
dual sampling;

- up to 10 times due to errors in determining dispersity of
the inhaled dust and up to 10 &+ 100 times due to the differences
in real effectivity.

Approximate lognormal space-time distribution statistics for
radioactive concentration in the air of working premisis is cur-
rently given much consideration in literature2. Due to logarith-
mically normal fluctuations in the protective effectivity of in-
dividual protective means and due to generally random time sche-
dule of work the above stated factors even after averaging over
long time periods (calendar year) lead to the actual radioactive
intake to individuals from the homogenous group being described
by the lognormal distribution with the significant standard geo-
metrical deviation ( ). We found that in this case can am-
ount to 2.5-7. It shbuld be emphasized that the groups should be
clearly enough classified according to the radiation situation
(by profession, by location and time, etc,). Otherwise the stan-
dard)geometrical deviation will be much increased (up to 10 and
more).

2, Basic human data

We belive that the lognormal distribution law of radioacti-
vity eliminated from the body with urine and feci is an import-
ant half-empirical consideration (Table 4). This law is determi-
ned by both the lognormal intake pattern and the statisycharac-
ter of metabolism within the body. 4icgl,

It will be reasonable to consider the statistical similitude
principle as a general assumption for describing metabolism of
radioactive substances within the body:

- the ratio X; (radiation burden within the body or in some
part of the body to a single intake """ physiological cycles afw-
ter intake) is a random value not depending on the intake value.
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This makes it possible in many cases to describe the result of
the i-th cycle in the form of the proportional effect law:

Xe ~Xeoy =S e K- (3)
Here - a random function, if to apply to it reasonably
general limitations and to use the central probability concept
ultimate theorem it is possible to obtain an expression for the
large values of "i" in the form of the lognormal distribution
law of the value X; . E. g. if to describe elimination of the
substance from the body organ one may obtains

. — R
Zn Xt _ Znﬁ’.e.l‘) - _L_. 2 Q'U
P{ Vi 6 ﬁ<#}Z—.°. 27 -ooe *)

Were P -~ probability of inequality taken in brackets;
Xo - the initial radioactive quantity in the organ;

Adz<laff+¢) - if to assume that Y is not dependent on X but is a
random value with dispersionZ@) With other initial conditions
one may obtain a different expression for the lognormal distri-
bution median (4) which in the general form is expressed as a
function of the number of physiological cyclesf(¢). It is diffi-
cult to obtain and consider the functiongf¢i/ in the general form.
Therefore currently it is reasonable to use the empirical fact
on the lognormal distribution law of X; values around £¢¢) and a
constant value @f the standard geometrical deviation of the same
individuum.

For example we found that 5-10 days after removal of the wor-
kers from the "hot" laboratory the ratio of the daily eliminati-
on of Po-210 for the previous day to the daily elimination for
the next day fluctuates around the median value = 1,0 following
the lognormal distribution with the standard geometrical devia-
tion®# 2.7. This agrees with the standard geometrical deviation
of the primary value X.‘ﬂ =2.0.

Practically the same standard geometrical deviation is prob-
ably obtained when individual fluctuationg of Pu-239 elimination
from the body are estimated. W. S. Snyder” found that in 60% of
cases of the plutonium daily elimination the difference from the
"individual" curve was not more than two-fold and in 80% of cas-
es it was not more than three-fold.

In addition to these metabolic data for polonium and pluto-
nium one cite the experimental results obtained on operation Rol-
ler Coaster# when the standard geometrical deviation in the aero-
soly respiratory retention factor was& 2.0.

We found that after a single intravenous or intratracheal in-
jection of Po-210 to rabbits such major body organs as kidneys,
liver, spleen and lungs contain various amounts of the radionuc-
lide., This variation may be characterized by & 2.5. With due
correction for individual differences of animal species the re-
sult obtained may be interpreted as it was stated earlier thus
assuming that if similar measurements could be made repeatedly
on the some rabbit the lognormal distribution of the results wo-
uld be obtained & 2.0.

Summarising the cited above experimental data it may be con-
cluded that all the cases being the result of relatively rapid
physiological processes can be described (within the same indi-
viduum) by the lognormal fluctuation law with the standard geo-
metrical deviation# 2.0. This wvalue can be considered as ba-
sic for all other statistic estimations obtained by monitoring
internal radiation exposure.

However it should be noted that the lognormal distribution
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cannot be accepted directly as the main probability law for des-
cribing most parameters estimated in the course of various meth-
ods used for monitoring internal radiation exposure. Thus, we
showed that even when the size distribution of radiocactive air-
born particles was fully suited by the mathematical equations of
A. N. Kolmogorov's theory® it was necessary to account for Llimi-
tation of the lognormal distribution from the side of large va-
lues. For other radiation parameters the use of the lognormal
distribution may be considered valid for the range of 95+99% of
cases where 1t should be treated as a convenient and simple ana-
litical expression,

As a result of the data discussed above we accept the follo-
wing values of the standard geometrical deviations for primary
processes, which are superposing into real situations discussed
below:
retention in the respiratory organs;
fraction of the substance entering the organ;
elimination of the substance with urine and feci;
difference in AMAD of the inhaled airborn perticlesg
difference in the local concentrations;
difference in the protective efficiency of respira-
tors;

ifference of the annual individual intake;
O - difference of the radioactive releases with account
for accidental situations.

The choice of the last value is purely subjective assuming
that the release which results in the median average for the day
radioactive concentration being exceeded by 1000 times corresp-
onds to 0.01% of cases.

X “mm

3%, Discussion

Practically any dosimetric control aimes at obtaining such
result which could provide an unequivocal answer about the deg-
ree of individual risk, e. g. internal irradiation of man at a
certain time moment. The result obtained b cgntrol is compared
to the standard values. Basing on the data critical organs
of the group (whole body, hemop01etlc organs) the following
linmiting radiation dose values may be given:

1) annual permissible radiation dose for individuals from
the population - 0.5 rem;

2) annual radiation dose for occupational workers who are
not subjected to individual control - 1.5 rem;

3) annual permissible radiation dose for occupational WOTK—
ers - 5 rem;

4) permissible accidental radiation dose - 12 rem;

5) accidental radiation dose requiering subsequent medical
examination - 25 rem;

6) accidental radiation dose which does not result in detec-
table immediate somatic effects - 75 rem;

7) sublethal radiation dose = 200 rem;

8) accidental radiation dose with a possible death in the
absence of medical aid - 400 rad;

9) accidental radiation dose with survival of people only in
case of intensive and immediate medical aid - 800 rad;

10) accidental radiation dose which permit survival in case
of intensive and immediate medical aid - 12004+1500 rad.

Basing on these limiting dose values we established 11 ran-
ges, i. e. ranks of radiation hazard. The phylosophy for inter-
preting each of these ranks is different but now we are most in-
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terested in the practical aspect of the problem, i. e. how ef-
fective the monitoring itself will be from the point of view of
possible errors. As one of the specific methods for monitoring
we may consider calculated prediction of radiation situation for
design objectives.

Currently existing methods for monitoring external gamma-ne-
utron radiation are usually fairly precise to provide unequivo-
cal identification of the hazard rank by the result obtained. In
the worst instance one may overestimate or underestimate the ac-
tual hazard rank not more than by 1. As for the results obtained
by monitoring internal irradiation the situation is quite diffe-
rent even if to consider the optimum result equal to the average
geometrical value of the lower and upper limits of the corresp-
onding radiation dose range.

Table 5 gives conventional classification for the situations
which occur at monitoring internal radiation exposure. The situ-
ations considered are characterized: by the corresponding stand-
ard geometrical deviation of the monitoring result from the pos-
sible real value; by the probability in per cent corresponding
t6 ~the boundary values of a hazard rank; by the number of ranks
comprising 99% of cases. The adjacent limiting radiation dose
values listed above differ from each other not more than three-
fold. This maximum value is accepted for estimating the probabi-
1lity which corresponds to one hazard rank, i., e. the monitoring
result differs from the corresponding range limits by ﬁtimes.
The number of ranks comprising 99% of cases was estimated rela-
tive to the result which corresponded to the 6th hazard rank.The
resulting standard geometrical deviation was determined by the

equation: JB *f{f;f(ﬂ,&]a—'j

whereth ~ standard geometrical deviations characterizing the
primary processes cited at the beginning., The third column of
Table 5 lists those/g which were considered for the given situ-
ation. «

Situation 11 (designed calculation) was estimated somewhat
differently. It was supposed that the calculation was based on
the average annual permissible concentration with the safety
margin factor of 10. This calculated value evidently cannot be
assigned to the 6th hazard rank but will be at the 1st one of
the average annual value is taken for occupational workers. The-
refore the probability in the last but one column was calculated
for the ranks 1 and 2. '

Of course, Table 5 is relatively limited. In addition the
parameters for situation 11 were taken on the basis of subjecti-
ve choice. However these data do not overestimate the values of
the resulting difference.

The estimation of the hazard rank may be more complicated in
a number of practical situations which were not considered here.
For instance, there are other routes of intake in addition to
inhalation. The errors associated with measuring techniques and
a limited accuracy in description of metabolic processes were
not accounted for also,

In this connection the estimates given in two last columns
of Table 5 are very important., In neither of the situations con-
sidered the actual individual hazard of internal irradiation can
be assigned unequivocally to one hazard rank. In a number of ca-
ses (situations 1, 2, 4, 7b, 10) the 99% range comprises 10-11
hazard ranks, i. e. the whole hazard scale. Thus, it is clear
that a statistic estimate is an integral whole of the problewm
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for providing radiation safety of people. The authors delibera-
tely neglected the fact that the original standard data included
their own safety margin factors. These factors do not influence
the quantitative estimate of the situation.

Conclusion

We believe that a statistic difference found in monitoring
internal irradiation of people should be given a quantitative
estimate of a wide usage. It will be possible only after inter-
national agreement on the main values. As the first step in this
direction the authors suggest to introduce a concept of metabo-
lism fluctuation into the characteristics of a standard man and
to accept the standard geometrical deviation 2.0 for estimating
radionuclide climination rate fluctuation.

Table 5

Different situations found in monitoring internal irradiation

Probabili-> B¢ mumber

gﬁgﬁzgidResulting ty Corres_of hazard
No geomet— ovandard o 5ing tol3RNS com-
Situations rical BSOmEtTi- ¢ o ngesPTLSing
i devi cal devi- 99% of ca-
evia- i ion of one ha—Ses (at
tions

zard rank,the 6th

S J3 % ranks)

1 BEstimate of the average

annual content by a si-

ngle measurement with a

whole body counter for

rapidly eliminated ra-
Aps

dionuclides 8.0 2 11

2 Monitoring a single in-
take by an individual /M, fp
sampler when the respi- ’
rator of the "Lepestok"A,A
type is used

3 Monitoring a single in-
take by a stationary hﬁ)
sampler when the res- “.
pirator of the "Lepes-
tok" type is used A, b 10.0 19 11

4 Monitoring a single in-
take by a stationary Alﬁ&
sampler in the absence }5 10
of individual protecti-/¥,fy¢
ve means 4,9 28 (N2#N11)

5 Mcnitoring a single in-
take by an individual ﬁ"’&
sampler in the absence Jﬁ'

7.6 21 11

of individual protec-— 7

tive means 3.0 38 (N34N9)
6 Estimate of the single

inhalation intake of 2,

radionuclide by several

results of the complex ﬁ"

bioassay 2.7 42 7
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. .-, : The number
g;ogig;é;:of hazard

standard : ranks com-
geometri- ponding toprising

. the ranges
- cal devi- 99% of ca-
devia- ation of one ha—Ses (at

tions zard rank,
the 6th
J3‘ JB % ranks)

Primary R
standard
geomet -
rical

esulting

Situations

kstimate of the radio-
nuclide content in the falﬁ-’

lungs by a timely sin-

gle analysis of urine qu

and feci 3.0 38 7 (N%#N9)

mstimate of the radio-

nuclide content in the

body (except the lungs)
by a single analysis of
urine and feci:

a) at the time of me=
asurement A]ﬁ’ 247 42
b) on the average fo

a year rf@,ﬁgh 9.0 20

Monitoring a single in-
take by smears from the
nosal orifices Ba, f, 2.3 49 5(N4-4N8)

Monitoring a single in-
take by smears from the
nosal orifices combined
with a selective indi- ﬁz
vidual sampler

7
(W34N9)
11

2.0 57 5 (N4#N8)

For example

& o-~ao W

-

Project of stationary

aerosol protection ba- Jﬁy

sed on the average an- {/&

nual permissible con-

centration (with aver- Jﬁ'

aged 10-fold safety

margin) 8.3 99 2 (N1, 2)
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