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FOREWORD 

In 1977 the International Commission on Radiological Protection issued 
its new recommendations as ICRP Publication 26. These recommendations 
established a system of dose limitation enabling one to assess the justification 
for practices resulting in exposure of individuals and populations to radiation, 
and to pursue protective measures in accordance with the principle of ALARA. 
A further requirement in these new recommendations is that every individual 
should be guaranteed an adequate level of protection through the establishment 
of individual dose-equivalent limits. This is particularly important when the 
benefits and detriments resulting from the introduction of a practice or opera-
tion are not received by the same individuals. 

The IAEA, ILO, WHO, and' NEA are currently engaged in a number of 
activities to update their basic recommendations in the field of radiation protec-
tion in order to bring them into line with the new ICRP recommendations. A 
number o f ' comments relating to the .application of the recommendations in 
practice have been received by the organizations from Member States. 

This Seminar therefore provided a forum for an exchange of views con-
cerning the implementation of the new ICRP recommendations and for identifying 
areas where practical difficulties might arise in their application. These views 
should greatly help the sponsoring organizations to develop their future pro-
grammes so as to meet the requirements of sound radiation protection practice. 
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Invited review paper 

BASIC CONCEPTS AND ASSUMPTIONS BEHIND 
THE NEW ICRP RECOMMENDATIONS 

B. L I N D E L L 

N a t i o n a l I n s t i t u t e o f R a d i a t i o n P r o t e c t i o n , 

S t o c k h o l m , 

S w e d e n 

Abstract 

BASIC CONCEPTS AND ASSUMPTIONS BEHIND THE NEW ICRP RECOMMENDATIONS. 
A review is given of some of the basic concepts and assumptions behind the current 

r ecommenda t ions by the Internat ional Commission on Radiological Protect ion in ICRP 
Publications 26 and 28, which form the basis for the revision of the Basic Safety Standards 
jo int ly under taken by IAEA, ILO, NEA and WHO. Special a t ten t ion is given to the assump-
tion of a linear, non-threshold dose-response relationship for stochastic radiat ion ef fec ts such 
as cancer and heredi tary harm. The three basic principles of protect ion are discussed: 
just if icat ion of practice, opt imizat ion of protect ion and individual risk l imitat ion. In the 
new ICRP recommenda t ions particular emphasis is given to the principle of keeping all 
radiation doses as low as is reasonably achievable. A consequence of this is tha t the ICRP 
dose limits are now given as boundary condi t ions for the just i f icat ion and opt imizat ion 
procedures rather than as values tha t should be used for purposes of planning and design. 
The fract ional increase in tota l risk at various ages af ter cont inuous exposure near the dose 
limits is given as an il lustration. The need for taking other sources, present and fu tu re , into 
account when applying the dose limits leads to the use of the commi tmen t concept . This 
is briefly discussed as well as the new quan t i t y , the effective dose equivalent, in t roduced by 
ICRP. 

1 . I N T R O D U C T I O N 

This paper will discuss the basic concepts and assumptions 
behind the recommendations in Publication 26 of the International 
Commission on Radiological Protection (ICRP). Since it is expec-
ted that the joint IAEA/ILO/NEA/WHO revision of the international 
organizations' Basic Safety Standards for Radiation Protection 
will be based on the ICRP recommendations, the same concepts and 
assumptions are prerequisites for those standards. 

In the practical application, radiation protection will be 
governed by national laws and regulations. There is a risk of con-
fusion or conflict, if those responsible for drafting or enforce-
ment of such laws and regulations are not fully aware of the ori-
ginal purpose of the basic recommendations, the assumptions be-
hind them arid the significance of the concepts employed. From the 
contributions to this Seminar, it seems that there are still a 

3 



4 LINDELL 

number of misconceptions on points which ICRP has not managed to 
explain well enough. In fact, it is likely that some of the more 
serious criticism which has been raised against the ICRP recommen-
dations and which will be reflected during this Seminar originates 
in misunderstanding rather than in differences in opinion or poli-
cy. This does not make the criticism less important. On the cont-
rary, if some of the recommendations are not understood, it would 
be an urgent task for ICRP to remove the obscurities. Where there 
are "merely" differences in opinion, ICRP might wish to give their 
statements second thoughts, but might feel less compelled to make 
any changes. 

The following review of some of the basic concepts and assump-
tions reflects the author's personal views and does not necessarily 
imply any consolidated view of the Commission. The text should be 
read as informal explanations rather than as any hint of comple-
mentary recommendations. 

2. ASSUMED DOSE-RESPONSE RELATIONSHIP 

2.1 GENERAL 
The recommended radiation protection policy depends on the 

assumed dose-response relationship. Obviously, if no harmful radia-
tion effect appeared below a high threshold value of radiation dose, 
no special precautions would be needed except to prevent the thres-
hold from being exceeded. The main purpose of radiation protection 
would then be to prevent accidents and high exposures. There would 
be no obvious reason further to reduce doses which were already 
found to be below recommended dose limits. However, there might be 
some less obvious reasons to care about low doses even in that 
case, which it might be helpful to realize. 
2.2 THE THRESHOLD CASE 

In practice, the threshold case would not be as simple to 
handle as one might think. Since the body tissues cannot distin-
guish between different sources of radiation, any dose limit, on 
the basis of the threshold assumption, would have to be applied to 
the sum of all doses, irrespective of source. There would be less 
space for additional dose to someone who had already received a 
high dose from, for example, medical exposures. A higher natural 
background of radiation would imply less room for other exposures. 
One might wish to introduce a time-dependent discount factor to 
account for the lesser remaining significance of doses in previous 
years. 

Rules would then also have to be developed to identify the 
responsibility for excessive exposures. If the dose threshold 
were exceeded because of the combined, accumulated exposure from 
many sources, including natural background, medical practices, 
occupational activities and environmental pollution - who should 
be blamed? The last exposure, which pushed the total dose beyond 
the threshold? Probably dose limits would need to be established 
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for each type of exposure, low enough to prevent dose thresholds 
from being exceeded except in accidents and emergencies (such as 
necessary medical exposures). Each such limit would need to be 
only a small fraction of the threshold dose to guarantee that the 
overall exposure would not exceed the threshold. Thus the responsi 
bility for the total dose would be jointly shared by each contri-
butor, by force of the allotted limits. 

The formalism of applying such dose limits would, in fact, 
be the same as if one had assumed a linear dose-response relation-
ship without a threshold. Only in the assessment of the total con-
sequences of a given, single dose increment'would the result be 
entirely different. For example, the consequence of a modest en-
vironmental pollution might be nil to-day, but the same pollution 
could be the last straw in a situation with many sources which 
had already pushed the total dose near the threshold. 

2.3 THE ASSUMPTION OF A LINEAR, NON-THRESHOLD DOSE-RESPONSE RE-
LATIONSHIP 

Some radiation effects undoubtedly show a dose threshold in 
their dose-response relationship, e.g. skin erythema and the acute 
radiation syndrome. At the present level of ambition for radiation 
protection, however, such effects cannot occur except in accidents 
or in radiation therapy. However, this is no guarantee that some 
late effects such as cancer and hereditary harm will not occur. 
In the ICRP terminology, these effects are called stochastic, be-
cause they appear seemingly at random in the exposed population. 

The fact that we do not all develop cancer after exposure to 
radiation or to some other carcinogenic agent indicates that there 
are usually strong protective mechanisms against cancer. Even if 
radiation could be an initiator of cancer, these protective mecha-
nisms will prevent the development of the disease unless there is 
some mechanism that will counteract the protection and act as a 
promoter or the protection fails for some other reason. In expe-
riments on animals, high doses of radiation sometimes cause can-
cer much out of proportion to the dose; radiation as such may 
therefore also act as a promoter if the dose is high enough to re-
duce the resistance of the body against cancer. It is less easy 
to imagine that very low doses of radiation could have a promoting 
effect. At low doses, however, radiation may still act as an ini-
tiator. It does not appear unlikely that the initiating effect is 
of "random hit" nature and therefore - at any dose for high LET ra 
diation and at low doses for low LET radiation - could have a pro-
bability that is proportional to the dose. Nor does it then seem 
unlikely that, at a given level of efficiency of the protective me 
chanism, the net response due to failure of that mechanism would 
be in direct proportion to the magnitude of the initiating effect, 
i.e. at low doses would be in direct proportion to the dose equiva 
lent in the tissue at risk. 
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It is likely that the promoting and synergistic effects in a 
heterogeneous population will place different individuals at differ-
ent levels of risk, so that their "sensitivity" to an increment in 
radiation risk is different. Yet, for each individual, the risk in-
crement may still be proportional to the dose increment, although 
with individually different proportionality factors. For example, 
the risk that irradiation will cause breast cancer is much higher 
for women than for men and also varies with age. However, the ra-
diation detriment, expressed as the mathematical expectation of the 
number of extra cases of cancer in an exposed population, would be 
proportional to the collective dose equivalent as long as there is 
no correlation' between the magnitude of the individual dose and the 
"sensitivity" of the exposed individuals. If there is such a corre-
lation, some weighting for "significance" of the individual doses 
would have to be made in the calculation of the detriment, as, for 
example, in the assessment of the genetically significant dose to 
a group of patients undergoing x-ray examinations, where the age 
distribution of the patients is not the same as in the general po-
pulation. 

It should also be remembered that risk factors derived from 
epidemiological studies of exposed population groups can strictly 
only be assumed to be valid for risk estimates for other groups if 
these are similar in respect to age distribution, health status and 
habits. In practice, there is not enough information on all the 
factors that may influence the risk per unit dose equivalent to per-
mit individual risk assessments or individually tailored radiation 
protection. Some attempts have been made to recognize obvious groups 
of higher risk, such as children and young women, but in general 
it is the potential existence of higher risk groups that has influ-
enced the choice of limits. For example, the limitation of the ra-
don daughter concentration in mines is discussed on the basis of 
epidemiological evidence from studies of miners who have usually 
also been smokers and therefore probably also run a higher risk 
from radon daughters than non-smokers. The influence of age on 
radiation risk is compensated by the choice of dose limits which 
would apply to each year over a total or occupational life time, 
for the purpose of limiting the time-integrated risk. In general, 
therefore,radiation protection risk assessment is based on ave-
rages, and the assumption of a linear, non-threshold dose-response 
relationship makes it possible to use averages also in the assess-
ment of the total detriment from a given source. 

As in many other situations in society, individuals who deviate 
considerably from the average with respect to habits or health con-
ditions may be exposed to higher-than-average risks and should be 
sufficiently well informed to be able to take individual precautions. 
This may either be by avoiding certain dangerous habits, such as 
smoking, or by avoiding, for example, radiation work if such work 
is contrary to medical advice. 
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3. THE THREE BASIC PRINCIPLES OF PROTECTION 

3 . 1 GENERAL 

ICRP has referred to the following three basic principles of 
protection: 

(a) Justification of practice 
(b) Optimization of protection 
(c) Limitation of individual risk 

The first two principles may be called source-related, whilst 
the third principle is individual-related. The distinction between 
the source-related and the individual-related protective measures 
is one of the most important aspects of the radiation protection po-
licy. This is also the aspect which seems to be most difficult to 
understand and explain. 

3 . 2 JUSTIFICATION OF PRACTICE 
Radiation protection is based on the assumption that the prac-

tice or source which causes radiation exposures has been evaluated 
from the point of view of justification. The justification process 
is identical to what is usually called risk-benefit analysis. 

Radiation protection authorities are often told that any doubts 
about the benefit of a proposed practice are none of their concern: 
they should restrict themselves to telling whether the practice is 
"safe" or not. However, since radiation protection is based on the 
assumption of a linear dose-response relationship without threshold, 
there is no "safe" dose. The justification of a practice can only 
follow from a balance between its risks and its benefits. 

It is still true that the competence of radiation protection 
authorities is limited to assessments of radiation risks and possible 
protective measures and does not cover judgements on the benefits 
of various proposed practices. It would be wrong of radiation pro-
tection authorities to adopt a guardian attitude and condemn cer-
tain practices just because these authorities fail to appreciate the 
alleged benefits which might appeal to others. In general, therefore, 
the rôle of radiation protection authorities in risk-benefit analy-
ses should be to provide assessments of the radiation detriment of 
the proposed practices and leave it to others to decide on the jus-
tification. 

Who would then these others be? They should be political"bodies, 
since the justification decision is basically a political decision. 
If the practice is of great and nationwide importance, the decision 
should be taken ať the highest political level. Since it is a poli-
tical decision, it should be based on unweighted facts. Therefore, 
the information from the radiation protection experts should not in-
clude any hidden value judgements. 
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In less important cases, however, in spite of the general prin-
ciple, radiation protection authorities might be expected to decide 
on justification, sometimes because there may be no other legal basis 
to protect society against a non-justified practice. The example may 
be the introduction of a new, but doubtful, radiological practice or 
a new consumer product with some radioactive component. However, even 
though the radiation protection authority may legally be the body to 
decide on the acceptability of the practice, it is still not the pro-
per expert on benefits. It would therefore be wise in such cases to 
consult, for example, medical authorities or consumer interest orga-
nizations in order to find a representative opinion, which is sur-
prisingly often possible. 

Only in a few cases, the radiation protection authority may be 
so certain about society's attitude that it could properly take the 
decision itself, for example, by not accepting a radioactive toy on 
the market. Basically, however, in radiation protection, the justi-
fication of a practice is a necessary assumption rather than an ex-
pected task in the administration of radiation protection. 

3 . 3 OPTIMIZATION OF PROTECTION 
Optimization of protection, on the other hand, is a general re-

quirement of all concerned, following the ICRP recommendation that 
all doses should be kept as _Z.ow as is reasonably achievable (of-
ten called the ALARA principle). For the radiation protection autho-
rities this can be seen as a recommendation to derive various autho-
rized limits, not based on the ICRP dose limits but on assessments 
of what seems to be reasonably achievable. 

Optimization of protection is identical to cost-effectiveness 
assessment of protective measures. This is often confused with risk-
benefit analysis of the practice, which is the entirely different 
justification procedure discussed in the previous section. One might 
call the optimization of protection a special case of justification 
of a practice, the practice being the introduction of a protective 
measure, but that leads into fruitless semantics. 

ICRP has shown that protection is optimized if there is no 
further step to improve or relax protection which will reduce the 
overall "cost" of protection, assuming that the radiation detriment 
G is equivalent with a monetary "cost" cxG. If the pure monetary 
cost of a step towards reduced detriment is ДХ, then this cost ДХ 
must be less than CxAG to make the step reasonable. If a relaxation 
of protection, resulting in a detriment increase AG,reduces the mo-
netary cost of protection by ДХ, then the relaxation is reasonable 
only if ДХ exceeds aAG. The value of a is the sum of money that it 
is reasonable to pay in order to eliminate a unit detriment. If the 
collective effective dose equivalent commitment is taken as the 
measure of radiation detriment, a is the highest sum that would be 
reasonable to pay in order to eliminate one maneievert. 

ICRP has not recommended any value for a since the choice of a 
is a value judgement of political rather than scientific nature. 
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However, the combination of, for example, the choice of a = ICA US $ 
per man-sievert (100 $ per marerem) and the estimate of 60 man-sievert 
as the average collective effective dose equivalent to cause a fa-
tal stochastic effect (implied in ICRP Publication 26), gives a 
protection cost of $ 600 000 per life statistically saved. 

This "monetarization" of human lives has been criticized as be-
ing cynical and inhuman. It should be remembered, however, that the 
procedure is not intended for the justification (risk-benefit) assess-
ment, because of the value judgement involved. In the optimization 
of protection, on the other hand, the purpose is to get as much det-
riment reduction as possible for the limited amount of money that 
society is willing to set aside for protection. If that money is not 
used as efficiently as possible, lives are unnecessarily lost. Quan-
titative assessments and comparisons are therefore indispensable. 

The ALARA principle has also been criticized as being too ab-
stract and of little help in practical work. One reason for this 
criticism is that the full consequences of that principle cannot be 
seen until ICRP and other organizations have translated the prin-
ciple into numerical guidance for a number of applications. Opera-
tional requirements on protective barriers, exposure rates at speci-
fied distances from various sources, etc. in documents such as ICRP 
Publication 15 and the IAEA Basic Safety Standards were derived 
from the occupational dose limits, assuming certain use factors and 
occupancy factors. This was in line with the old ICRP recommendation 
that 100 mR/week could be used "for purposes of planning and design". 
These documents and corresponding codes of practice have not yet 
been revised on the basis of the ALARA principle, which may call for 
some revision of previously recommended operational limits. For 
example, the authorized annual dose limit is still 50 mSv in a num-
ber of occupations where no doses of that magnitude would be reason-
able on the basis of the ALARA principle. 

This, in turn, explains much of the criticism against ICRP for 
not having reduced the occupational dose limit, even though the im-
plied risk at the limit is relatively high (of the order of 10~3 per 
year in risk of fatal stochastic effects). On the ALARA principle, 
doses near the dose limit would be rare and the limit must now be 
seen as indicating the region of undisputed unacceptability rather 
than as guidance on what might still be acceptable. In fact, it fol-
lows from ICRP Publication 26 that, even with the ALARA requirement 
satisfied, an occupational situation cannot be classified as "low 
risk" unless the average annual dose is about 5 mSv and the distri-
bution towards high doses is of random nature rather than systema-
tically related to any identifiable group of workers. 

3 . 4 LIMITATION OF INDIVIDUAL RISK 
In the theoretical case that all risks and all benefits of a 

practice are limited to one and the same group of individuals, the 
principles of justification of practice and optimization of protec-
tion would suffice to guarantee enough protection. In this case a 
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FJG.l. Total committed risk per year of exposure as a function of dose equivalent. The 
radiation-caused risk increment, relating to harm which will be manifested first after a 
latency period of many years, has been added to the non-radiation risk of harm expressed 
immediately. 

dose limit may even be adverse to the interest of those exposed, 
just as it could be for a patient for whom a radiological examina-
tion at a higher dose level has been found justified. 

In practice, however, risks and benefits are not equally distri-
buted. Those who benefit from a practice may not be those who are 
exposed to the risks. In order to prevent that practices are found 
justified in spite of high risks to some individuals, an individual 
risk limitation is needed as a boundary condition to the justifi-
cation and optimization procedures. This risk limitation is achieved 
by the application of the primary dose limits recommended by ICRP. 

This new meaning of the ICRP dose limits removes the label of 
"acceptability" from exposures near the dose limits and the limits 
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FIG.2. Annual dose equivalent to make the relative risk increments committed in one year 
equal to given fractions (per cent) of the age-related risk that year, for women of different age. 

can no longer be used as the primary basis for planning and design. 
Operational (authorized) limits must be set by the competent natio-
nal authorities for various purposes on the basis of the ALARA prin-
ciple. The dose limits must be seen truly as limits. 

Since the postulated dose-response relationship is linear with 
no threshold, the dose limit does not imply any discontinuity in the 
radiation risk situation. However, the dose limits indicate where 
there is a significant increase in the individual's overall risk 
situation. This is illustrated in Fig. 1. The figure shows that the 
committed risk increment below 1 mSv in a year does not add signi-
ficantly to the overall risk even at the low-risk age of 10 years. 

In ICRP Publication 27 on problems involved in developing an 
index of harm, a diagram shows the variation of radiation risk with 



12 LINDELL 

AGE 

FIG.3. Dose equivalent rate for lifetime exposures to increase the total risk for women at a 
given age by a specified fraction. Upper set of curves for exposure from age 18 years, lower 
set of curves for exposure from birth. 

age and sex. It is shown that the risk factor of 1.65-10~2 per sie-
vert (somatic + genetic) adopted by ICRP somewhat overestimates the 
mean risk over a working life. 

The risk oomm-itted per year when persons below the age of 30 
are exposed at the occupational dose limit is higher than the risk 
experienced per year at those ages. This is illustrated by Fig.2, 
which is based on the age-related risk factors given in ICRP Publi-
cation 27 and the non-radiation risks indicated in Fig. 1. 

However, this is not a relevant comparison. The risk committed 
at a given age relates to harm which is expressed first at a much 
higher age, because of the long latency periods for cancer induction. 
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It is more relevant to see how much the total risk at various ages 
would be increased if a person is exposed to a certain annual dose 
over a total or an occupational lifetime. This relative risk in-
crease is shown in Fig. 3 on the basis of the same age-dependent risk 
factors as in Fig. 2 but assuming a latency .period of 5 years for 
leukaemia and 20 years for other cancers. On these assumptions, a 
continuous occupational exposure at the dose limit from the age of 
18 years will give the highest relative risk increase (+ 10%) at the 
age of 30 years. A continuous exposure at 1 mSv per year from birth, 
on the same assumptions would give a highest relative risk increase 
of + 1% at the same age. 

ICRP has not recommended that the dose limits must be uncon-
ditionally respected. The implication, however, is that exposures 
in excess of the dose limits will fall outside the normal practice 
of "safe" procedures. Society usually does accept some high-risk 
practices, provided that the practice is justified, the ALARA requi-
rement is fulfilled and the higher risk is recognized as such and 
voluntarily accepted {e.g. astronauts, divers, deep sea fishermen). 
In such cases, however, some risk compensation often places the main 
portion of the benefit together with the risk within one and the same 
group of individuals. 

An insignificant increment in the individual risk, on the other 
hand, is no guarantee that the practice as such should be acceptable. 
The source-related assessment could well show that the detriment of 
the practice does not justify it in relation to expected benefit 
even if all individual risks are insignificant. This is not as para-
doxical as it may seem. 

3 . 5 ALLOWING FOR THE FUTURE 
Since the primary recommendation is to keep all doses as low as 

is reasonably achievable, one might expect that all authorized li-
mits would be derived on the basis of this ALARA principle rather than 
from the boundary condition dictated by the ICRP dose limits. However, 
this is not necessarily the case in the practical application, for 
example in the limitation of releases of radioactive substances into 
the environment. The reason is that the multiplicity of sources, the 
possibility of new developments and the sign of long-lasting environ-
mental contamination from some existing sources call for very care-
ful housekeeping in order to prevent the sum of all future dose cont-
ributions from exceeding the ICRP dose limits. No Source control can 
be exercised without some influence by the fact that other sources, 
present and future, compete within the same boundary. 

The way of handling a multiplicity of present and future sour-
ces is indicated by the methods adopted by the United Nations Scien-
tific Committee on the Effects of Atomic Radiation (UNSCEAR) in pre-
senting the collective dose commitment per unit of practice. If autho-
rized limits are introduced per unit of practice, the overall result 
can more easily be kept under control. It should be realized that 
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FIG.4. Illustration of the dose commitment concept. The dose commitment of one year 
of practice, i.e. the sum of the committed annual doses A + В + С + D, is equal to the 
annual dose A + В + С + D when a steady state has been reached. 

this is an exercise in order to control the future impact of a large 
number of sources and has nothing to do with the acceptability of a 
certain collective dose as such. 

The collective effective dose equivalent commitment is mentioned 
by ICRP as the appropriate quantity to use as a measure of radiation 
detriment in optimization assessments of radiation protection. This 
use will be described in considerable detail by other speakers at 
this Seminar. The commitment concept, however, can also be used as a 
tool in the assessment of the maximum future annual dose. In the 
case of a continuing practice at constant rate and a stable popula-
tion with constant habits, the maximum future annual mean dose in the 
population will be equal to the dose commitment for the same popula-
tion from one year of practice. This is illustrated by Fig. 4. It is 
a simple mathematical relationship which is not based on any biolo-
gical assumption. In the case of a practice which is limited in time, 
the maximum future annual dose will be equal to the "incomplete" dose 
commitment, where the future annual doses from one year of practice 
have been summed up only over a period equal to the period of prac-
tice. This is explained in detail in the 1977 UNSCEAR report. 

In some applications, therefore, the operational dose limitation 
should apply to the annual effective dose equivalent commitment 
rather than to the annual dose. For the committed dose due to intake 
of radioactive material, this should always be the case, as recom-
mended in paragraph 83 of ICRP Publication 26. 
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Ц. NEW QUANTITIES AND UNITS 

The major novelty as regards quantities in ICRP Publication 26 
(as amended at the May meeting of the Commission in 1978) was the in-
troduction of the effective dose equivalent (Н£) as the sum of the 
weighted organ or tissue dose equivalents (H^), using the weighting 
factors (w^) recommended by ICRP: 

HE = ^ W T H T 

The original purpose of introducing this concept was to provide 
enough guidance to ICRP Committee 2 for the calculation of annual 
limits of intake (ALI) of various radionuclides, based on a uniform 
risk approach. ICRP has not recommended that the effective dose equi-
valent be assessed in normal personnel monitoring programmes for exter-
nal exposures, where it is assumed that the practice of recording the 
reading of the personal dose meter should continue (provided that the 
dose meter is calibrated to indicate the deep dose equivalent index). 

The introduction of the effective dose equivalent as the basis 
for the ALI's to be used in practical applications has been criticized 
as an undue relaxation. For iodine-131, for example, where the thy-
roid is the main organ exposed, the implied dose limit for stochas-
tic effects would be H E l i n/

w
t h r id = 50/0.03 = 1670 mSv (167 rem) 

instead of the earlier do'se Iimi? of 30 rem. It is then forgotten, 
however, that the ALI in this case would be based on the dose limit 
of 500 mSv (50 rem) to the thyroid, set on the basis of non-stochas-
tic effects. The relaxation from 30 to 50 rem as dose limit for the 
thyroid is small. This is the extreme case and when more than one or-
gan is exposed the implied organ dose limits are more restrictive. 
The new name of the SI unit for dose equivalent (joule/kg) is the 
sievert which is now in use in various international documents. 

The concepts of collective dose and collective dose commitment 
will be discussed, analysed and used by other speakers. It may suffice 
to give the definitions as reminders: 

The collective effective dose equivalent (S ) for a population 
of N persons with a distribution of individual effective dose equi-
valents (Hg) : 

s - í X " - 4 " -

The collective effective dose equivalent commitment (sjp is the 
infinite time integral of the collective effective dose equivalent 
rate (Š): 

oo 

S E » I V t } d t 
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The effective dose equivalent commitment (H^) is the infinite 
time integral of the average effective dose equivalent rate (H) in 
the exposed population: 

oo 

H E = ' V C ) d t 
0 

The incomplete effective dose equivalent commitment (H*) is the 
corresponding time integral over the period of practice (x): 

T 
nT = J H(t) d t 

ь 0 л 
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DISCUSSION 

Y. NISHIWAKI: I have some questions regarding the concept of risk, 
since although the term "de t r iment" is clearly defined in ICRP-26, "risk" is not. 

You used the term "overall background r isk" in your explanation of dose 
limitation. Could you explain in a little more detail what this means? According 
to the Oxford Dictionary, the first meaning of risk is: "hazard, danger; 
exposure to mischance or peril". In some of the classical theories of life-span, 
hypothetical concepts of cumulative injury or cumulative hazard or risk are 
used. It is assumed that the death of an individual or the average life-span of 
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the population may be determined by a certain level of accumulation of injury 
or risk during life. I would like to ask if your term "overall background risk" 
means the total radiation and non-radiation risks accumulated in a lifetime and 
what the definition of risk is in this case. 

There are many different types of risk: natural and artificial, voluntary 
and involuntary, enjoyable and unenjoyable, individual and social. The percep-
tion and acceptance of risks by the public will depend very much on their 
nature. 

For the purpose of radiation protection, it is important to establish dose-
effect relationships for different types of hazard and to compare the relative 
weights of various risks. However, even if quantitative relationships can be 
established between the effects and contamination levels for various types of 
pollutants, it may still be difficult to make direct comparisons between the 
different types of risk; for instance, one type of hazard might result in an 
immediate non-fatal public nuisance in a large percentage of the population, 
while another might be fatal in the remote future, though with a very small 
probability of occurrence. 

It therefore seems necessary to establish some basic philosophy of "risk 
value", or a basic principle with which to weigh one type of risk against another, 
so that a more rational comparison between various types of hazard can be 
made for the purposes of justifying dose limits and gaining public acceptance 
for nuclear industries. 

B. LINDELL: When I talked about the "background risk" I meant the 
risk of death. The ICRP definition of radiation detriment entails weighting for 
severity. For cancer as a stochastic effect, ICRP has assumed that to a first 
approximation the weighting factor may be taken as the ratio of the mortality 
rate to the morbidity rate. If this weighting is applied to the expected number 
of cancer incidents, the detriment will be equal to the expected number of 
cancer deaths. However, a better measure of detriment might be developed, 
as Dr. Pochin has tried to do in ICRP Publication 27 with his "index of harm". 

W.R. BUSH: The idea that a dose limit is not required if the total risk and 
total benefit fall on the same individual is obvious in the case of radiation 
therapy, but not so obvious in the case of workers. Suppose a worker wishes 
to increase his income by working overtime, but cannot do so without exceeding 
a dose limit; and suppose further that he is infertile so that none of the radia-
tion detriment would be shared by society. In principle, perhaps, he should be 
free to set his own dose limit; but this would result in regulatory and other 
problems. How can his wish to exceed the normal limit be rationally denied? 

B. LINDELL: Society does accept high-risk occupations such as deep-
sea fishing, diving, space travel and so on, provided that the protection has 
been optimized. Therefore, society might accept some radiation work above 
the dose limits on the same conditions. It would not be right, however, to 
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claim that such work is "safe" in the sense stipulated by LCRP, and compensa-
tion might have to be paid. In general, however, it should be recognized that 
any compensation for high-dose work, for example higher salary or extended 
vacations, may remove some of the incentive for improving the level of safety 
and may therefore be adverse to the interests of radiation protection. 

J.A. BONNELL: I should like to comment that it is not unusual for the 
risk and benefit associated with an activity to be taken by different individuals, 
examples being coal mining and diving operations in the North Sea. These give 
rise to extreme risks for those involved but a benefit which goes to others. If 
the miner or diver does not wish to carry out this kind of work, he leaves his 
job. A similar situation should apply to radiation workers. Society has always 
accepted this concept. 

A.B. DORY: Would ICRP allow an "acceptability factor" in the setting 
of recommended limits? National regulatory agencies will be in a politically 
difficult situation if this factor is not recognized by the ICRP as a valid con-
sideration in the establishment of national limits. 

B. LINDELL: The formula I showed was my own example and was not 
taken from ICRP. ICRP has made assumptions about the average risk levels that 
might be considered acceptable and derived the dose limits from them. One 
could of course argue that higher dose limits might be acceptable for popula-
tion groups at higher risks, but ICRP has not considered this possibility, except 
in the sense that no dose limits are recommended for patients undergoing 
radiation treatment or examination. You might say that one reason for this is 
that such patients often constitute high-risk groups. 

D. BENINSON: I would like to add that in any case national authorities 
would have to use their judgement, because even in ICRP Publication 9 the 
limits are applied to the combined exposure of individuals (for example of the 
public) and not to the contribution of a given practice. The authorities therefore 
need to set limits with reference to given installations or practices. 

F.D. SOWBY: The ICRP's recommended dose limits are intended to pro-
vide a reasonable level of protection for the most highly exposed individuals, 
even after the processes of justification and optimization have been performed. 
The dose limits are therefore to be considered as marking the beginning of a 
zone of unacceptability, rather than as being "safe" in themselves. 

H.T. DAW: One of the elements in the justification process is the detriment 
assessment. I would like to ask Dr. Lindell what dose is used for such assess-
ments. Is it the dose limit or is it the optimized dose? If the latter, then 
optimization should come before justification. Is that correct? 

B. LINDELL: The correct procedure would be to optimize first and then 
take the justification decision when the result of the optimization is known. 
In many cases, however, a practice may be found to be justified irrespective of 
optimization, so that the justification decision can be taken first and the protec-
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tion then optimized as the second step. The two procedures are sometimes 
carried out during one and the same assessment. In principle, however, you 
are right; it is the dose after optimization that should be presented to those 
who take the justification decision. 

C.J. VAN DAATSELAAR: Figure 3 in your paper shows that occupational 
exposures of 5 rem per year give an increase of the order of 5% in the total 
background risk. One may conclude that exposure at this level over many years 
will produce an unacceptable increase in the total risk. Do you agree? 

B. LINDELL: Yes, I do, and so does ICRP, for example in paragraph 102 
of Publication 26. Long exposures at the dose limit do not constitute work 
which is "safe" in the sense assumed by ICRP, but a higher-than-average risk 
as stated in paragraph 101. 

W.R. BUSH: Optimization of radiation protection is generally carried out 
in practice by considering whether or not improvements in radiation protection 
can be made at a reasonable net cost. In your paper you have explained that 
optimization can also be used to determine whether or not it is reasonable to 
relax the degree of radiation protection. Although this is perfectly rational, and 
although in some cases it might be reasonable to relax existing precautions, 
good industrial hygiene practice often dictates that certain measures (such as 
the use of fume hoods) be taken without a detailed cost-benefit analysis. How 
does one rationalize these conflicting approaches? 

B. LINDELL: In theory, lack of optimization could mean paying too 
much for protection as well as too little, so that optimization could well imply 
relaxation of protection. However, one condition must be fulfilled, namely 
that the money saved is used for protection elsewhere. Failing this, the relaxa-
tion is not justified unless the use to which the money saved is put is justified 
as being more important than the overprotection. 

W.D. ROWE: Optimization uses the collective dose of populations. For 
individual exposure, should one use the collective dose to that individual? 

B. LINDELL: Yes. 
V.K. GUPTA: I should just like to comment that, in my opinion, para-

meters should be quantified and defined for justification and optimization of a 
practice in two distinct domains, i.e. the public and occupational domains. 

I would also like to point out that the exposure of occupational workers 
is dependent on the skill they possess. There are many workers who receive 
exposures near to the dose-equivalent limit each year. The risk to these people 
is obviously relatively high. I do not believe that it is justified to expose any 
group to higher resultant risks on the basis of socio-economic factors and 
specifically on the basis of the skills they possess. 
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Abstract-Résumé 

THE ICRP DOSE LIMITATION SYSTEM. 

The new dose l imitat ion system recommended by the ICRP in Publication 26 has been 

drawn up progressively. It is based on the following principles: just i f icat ion of activities, 

opt imizat ion of radiat ion protect ion and limitation of individual doses to workers and members 

of the public. The choice of values for these dose limits is explained clearly. The system as a 

whole is reflected in regulatory s tandards such as primary, secondary, derived and authorized 

limits, and action levels. Practical application of the system is envisaged for d i f fe rent types 

of exposure such as natural , medical, occupat ional , public and accidental. 

LE SYSTEME DE LIMITATION DES DOSES DE LA COMMISSION I N T E R N A T I O N A L E 

DE PROTECTION R A D I O L O G I Q U E (CIPR). 

Le nouveau système de l imitation des doses recommandé par la CIPR dans sa publicat ion 

n°26 a été élaboré de façon progressive. Il repose sur des principes fondamen taux qui sont la 

just if icat ion des activités, l 'opt imisat ion de la protect ion et la l imitation des doses individuelles 

pour les travailleurs et les membres du public. Le choix des valeurs de ces limites de doses est 

explicité de façon claire. L 'ensemble du système se t radui t dans des normes réglementaires: 

limites primaires, secondaires, dérivées, autorisées; niveaux d 'ac t ion. L 'appl icat ion prat ique 

du système est envisagée pour les d i f férentes modali tés d ' i r radiat ion, naturelle, médicale, 

professionnelle, publ ique, accidentelle. 

INTRODUCTION 

Les rayonnements ion isan ts ont posé des problèmes de pro tec-
t i o n depuis l e début du s ièc le .Leurs u t i l i s a t i o n s sont passées du 
domaine de la recherche à ceux des app l i ca t i ons médicales, m i l i -
t a i r e s , i n d u s t r i e l l e s e t de l ' emp lo i dans des produ i ts de large 
consommation. 

21 
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Schématiquement, quatre périodes se sont succédées, correspon-
dant approximativement aux quatre quarts de s i èc le , pour chacune 
desquelles on peut admettre les carac tér is t iques suivantes : 
pro tect ion inex is tan te , pro tect ion pro fess ionne l le , p ro tec t ion 
publ ique, pro tec t ion optimale. 

Les recommandations dé la pub l i ca t ion 26 de la Commission 
In te rna t iona le de Protect ion Radiologique proposent un Système de 
L im i ta t i on des Doses pour lequel i l convient d'envisager successi-
vement : l ' é l a b o r a t i o n progressive, les pr inc ipes fondamentaux,les 
valeurs l i m i t e s , les normes réglementaires et les app l ica t ions pra-
t iques . 

I - ELABORATION PROGRESSIVE 

Pour comprendre l ' é v o l u t i o n de la doctr ine de la Protect ion 
Radiologique on a avantage à d is t inguer les domaines r e l a t i f s aux 
expos i t ions, aux conséquences, aux c r i t è res d ' a c c e p t a b i l i t é , aux 
approches des problèmes et aux solut ions réglementaires. 

I . 1 Les exposi t ions radiologiques 

Les exposi t ions radiologiques doivent être examinées du t r i p l e 
point de vue de leur nature, de leurs modal i tés, de leur d i s t r i b u -
t i o n . 

On s ' es t aperçu rapidement que les rayonnements ionisants o f -
f r a i e n t toute une gamme avec des composantes électromagnétiques 
(X et 7 ) et matér iel les (ß , a , n . . ) . I l é t a i t naturel que 1 'on se 
demande de quel le façon agissaient ces rayonnements et par comparai-
son quels équivalents on pouvait é t a b l i r entre eux. 

Le deuxième problème posé est ce lu i des modalités d 'expos i t i on . 
Compte tenu de la r é p a r t i t i o n spa t ia le , on est amené à d is t inguer 
des exposi t ions à des sources externes ou in ternes, des i r r a d i a -
t ions globales ou p a r t i e l l e s , homogènes ou hétérogènes. De même 
ex is ten t des modalités d i f f é ren tes de r é p a r t i t i o n chronologique : 
exposi t ions uniques ou mu l t i p l es , instantanées ou prolongées, con t i -
nues ou f ract ionnées. Un concept intéressant est apparu, ce lu i 
ďengagement d ' i r r a d i a t i o n consécut i f à un événement donné. 

Enf in , plus récemment, la d i s t r i b u t i o n des exposi t ions au sein 
d'une populat ion donnée d ' i nd i v i dus a f a i t l ' o b j e t d'études qui ont 
abouti au concept de dose col l ec t i ve venant compléter ce lu i de 
dose i n d i v i d u e l l e . En e f f e t , 1'analyse s t a t i s t i q u e d'une d i s t r i -
but ion de doses i nd i v idue l l es la plus simple que l ' o n puisse f a i r e 
consiste à en f a i r e la somme. 
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I . 2 Les conséquences 

Les conséquences des exposi t ions ont f a i t l ' o b j e t d'un t rès 
grand nombre d'études portant sur les e f f e t s somatiques et géné-
t iques des rayonnements. 

Le terme e f f e t s couvre des conséquences biologiques qui peu-
vent ê t re bonnes, mauvaises ou i n d i f f é r e n t e s . En p ro tec t ion , seuls 
sont p r i s en compte les e f f e t s qui ont des conséquences néfastes, 
autrement d i t , les dommages. Le concept de r isque, qui est la pro-
b a b i l i t é d 'appa r i t i on d'un dommage, est important , mais i l n 'es t 
pas représen ta t i f de la charge médicale ou socia le consécutive à 
l ' e x p o s i t i o n . D'où la nécessité qui s ' es t f a i t j ou r d ' i n t r o d u i r e 
un nouveau concept, ce lu i de détr iment , qui est l e r isque pondéré 
par la g rav i té du dommage. L ' i n t é r ê t du détr iment est de permettre 
l ' e s t i m a t i o n du coût des dommages et par su i te la charge médicale 
et soc ia le . 

Pour les besoins de la Protect ion Radiologique i l est i n d i s -
pensable d'aborder les aspects q u a n t i t a t i f s , c ' e s t - à - d i r e , les 
re la t i ons de causa l i té eritre les exposi t ions et les dommages 
qu 'e l l es pouvaient en t ra îner . I l est apparu que les e f f e t s devai-
ent ê t re classés en deux grandes catégories : stochastiques et 
non stochast iques. Lorsque les re la t i ons de causa l i té prennent 
une forme détermin is te , l ' impor tance du dommage est l i é e à la dose, 
les phénomènes apparaissent au-dessus de cer ta ins seui ls et l ' o n 
par le d ' e f f e t s non stochast iques. Lorsque les re la t i ons de causa-
l i t é prennent une forme probabi l i s t e , c ' e s t la p robab i l i t é de 
l ' a p p a r i t i o n des dommages qui est l i é e à la dose, les phénomènes 
peuvent apparaî t re sans seui l e t l ' o n par le d ' e f f e t s stochastiques. 
Ce type de co r ré l a t i on dose -e f fe t , qui concerne notamment la can-
cérogénèse et la mutagénêse, est apparu progressivement comme des 
plus importants. 

1.3 Les c r i t è r e s d ' a c c e p t a b i l i t é 

Le problème c ruc ia l posé en pro tec t ion radiologique est ce lu i 
de la d é f i n i t i o n des condi t ions acceptables pour l'homme face aux 
nuisances radiologiques et par conséquent du choix des c r i t è r e s 
d ' accep tab i l i té . 

Pour les e f f e t s non stochast iques, au-dessous des seui ls la 
p r o b a b i l i t é d 'appa r i t i on des dommages est nu l le ; de ce f a i t , on 
peut avo i r une accep tab i l i t é absolue, p u i s q u ' i l n 'y a aucun dom-
mage possib le. 

Pour les e f f e t s stochast iques, l 'absence de seui l entraîne un 
r isque t rès f a i b l e , mais non nu l , même aux fa i b l es doses ; on ne 
peut avoi r qu'une acceptab i l i té r e l a t i v e basée sur la comparaison 
des risques radiologiques avec les autres risques de la v ie pro-
fess ionne l le ou publ ique. 
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1.4 Les approches des problêmes 

L ' a p p l i c a t i o n des concepts et des c r i t è r e s précédents abou t i t 
à d i f f é r e n t e s approches méthodologiques des problèmes posés en 
p ro tec t i on rad io log ique . 

La méthode i n i t i a l e m e n t u t i l i s é e a été c e l l e de 1'approche 
i nd i v i due l l e qui c o n s i s t a i t à mettre chaque personne dan's des 
cond i t ions acceptables d ' expos i t i on . Ainsi sont nées les recom-
mandations qui f i x a i e n t des l i m i t e s d ' e x p o s i t i o n pour les t r a v a i l -
leurs e t les i nd i v idus membres du pub l i c . Lorsqu'on se t r o u v a i t 
confronté à la d i s t r i b u t i o n des i r r a d i a t i o n s , on r é s o l v a i t l e 
problème pour les plus exposés e t on le cons idé ra i t comme réso lu , 
a f o r t i o r i , pour les au t res . On d é f i n i s s a i t a ins i l e groupe c r i -
t i que des i nd i v idus les plus exposés d'une popu la t ion , la voie 
c r i t i q u e de t r a n s f e r t prépondérante, l e r a d i o n u c l i d e c r i t i q u e 
qui i n t e r v e n a i t l e plus dans la dose e t l ' o rgane c r i t i q u e dont 
l ' a t t e i n t e é t a i t la plus grave. 

Mais on s ' e s t aperçu peu à peu que le f a i t d ' a v o i r t r a i t é 
l e problème pour les plus exposés ne f a i s a i t pas qu'on l ' a v a i t 
réso lu pour l 'ensemble. On pouvai t t r ès bien concevoir qu'un 
p e t i t nombre de personnes t rès exposées représentent une dose co l -
l e c t i v e f a i b l e e t que par contre un grand nombre de personnes 
beaucoup moins exposées représentent une dose c o l l e c t i v e plus 
grande e t donc un detr iment plus grand. L'approche i n d i v i d u e l l e 
est nécessaire, mais non s u f f i s a n t e . I l f au t l u i a j ou te r une 
approche c o l l e c t i v e mettant en oeuvre l ' ana l yse s t a t i s t i q u e de 
la d i s t r i b u t i o n des expos i t ions débouchant sur les concepts de 
dose c o l l e c t i v e e t de dét r iment . 

1.5 Les recommandations réglementaires 

Après avo i r considéré les concepts fondamentaux, les c r i t è r e s 
d ' a c c e p t a b i l i t é e t les approches méthodologiques, on débouche 
f ina lement sur l ' é v o l u t i o n des recommandations réglementaires 
quë cons t i t uen t les systèmes de p ro tec t i on . 

Les recommandations antér ieures de la Commission I n t e r n a t i o -
nale de Pro tec t ion Radiologique é ta ien t basées sur la 1 i m i t a t i o n 
des expos i t ions se t radu i san t par des doses maximales admiss ib les. 
Comme on ne s o u h a i t a i t pas une expos i t i on des personnes aux l i m i -
t e s , on i n t r o d u i s a i t des fac teurs de sécu r i t é prudents mais a r -
b i t r a i r e s , correspondant à un processus de min imisa t ion . 

D ' a i l l e u r s , dans la Pub l i ca t i on 6 de la CIPR le paragraphe 45 
recommandait d ' é v i t e r toute i r r a d i a t i o n i n u t i l e e t de main ten i r 
les expos i t ions aussi bas que poss ib le . Dans la Pub l i ca t ion 9 , l e 
paragraphe 52 p r é c i s a i t q u ' i l f a l l a i t , p o u r ce f a i r e , t e n i r compte 
des cons idérat ions économiques e t soc ia les . La p u b l i c a t i o n 22 
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rédigée par le Comité 4 de la CIPR ava i t pour o b j e c t i f d ' e x p l i c i t e r 
et de développer le contenu des recommandations précédentes. 

Vo i c i , résumé, le processus qui a conduit au nouveau système 
de pro tec t ion recommandé par la Commission In te rna t iona le de 
Protect ion Radiologique. 

2 - PRINCIPES FONDAMENTAUX 

2.1 Le système de l i m i t a t i o n des doses 

Dans sa pub l ica t ion, CIPR 26, la Commission recommande le 
système de l i m i t a t i o n des doses suivant : 

a) aucune prat ique ne d o i t ê t re adoptée si son in t roduc t ion 
n 'ent ra îne pas un bénéfice net , 

b) toutes les exposi t ions doivent ê t re maintenues au niveau le 
plus bas que l ' o n peut raisonnablement a t t e i nd re , compte 
tenu des facteurs économiques et sociaux, 

c) l ' é q u i v a l e n t de dose pour les ind iv idus ne do i t pas dépasser 
les l i m i t e s recommandées pour les circonstances en quest ion. 

Ces t r o i s composantes correspondent respectivement aux p r i n -
cipes de la j u s t i f i c a t i o n des opérat ions, de l ' o p t i m i s a t i o n de 
la pro tec t ion et de la l i m i t a t i o n des exposi t ions i nd i v i due l l es . 

I l fau t noter que les deux pr inc ipes de j u s t i f i c a t i o n et 
d 'op t im isa t ion cons t i tuent les condi t ions pr imord ia les. Le t r o i -
sième pr inc ipe - ce lu i de la l i m i t a t i o n - es t , en f a i t , une garan-
t i e i n d i v i d u e l l e puisque la d i s t r i b u t i o n dans la populat ion des 
avantages et des coûts n 'es t pas la même. 

2.2. La j u s t i f i c a t i o n 

En p r i nc ipe , lorsqu'on envisage une opérat ion ou une pra-
t ique impl iquant une expos i t ion aux rayonnements, on devra i t 
déterminer s i e l l e est acceptable ou non par une analyse coût-
avantages, a f i n de s 'assurer que le détr iment t o t a l sera s u f f i -
samment f a i b l e par rapport aux avantages résu l tan t de l ' a c t i v i t é 
envisagée. 

Dans l ' ana lyse coût-avantages, les avantages à prendre en 
considérat ion comprennent tous les avantages r e c u e i l l i s par la 
Société, q u ' i l s soient quan t i f i ab les ou non. De même, on consi-
dère que les coûts comprennent la somme t o t a l e de tous les aspects 
négat i fs d'une opérat ion y compris les coûts monétaires et tous 
dommages pour la santé de l'homme ou pour l 'environnement. 
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Pour la j u s t i f i c a t i o n , l ' ana lyse coût-avantage est globale 
et correspond à la formule В = V -(P + X + Y) où В est le béné-
f i c e ne t , V le bénéfice b ru t , P le coût de production de base, 
X le coût d'un niveau déterminé de p ro tec t ion , et Y le coût du 
détr iment l i é à ce t te opérat ion. Le coût dans ce contexte i n c l u t 
les coûts sociaux et économiques. 

D'autre pa r t , i l f aud ra i t procéder à une comparaison des 
prat iques après opt imisat ion et le choix f i n a l dépendra de nom-
breux fac teu rs , dont cer ta ins seulement sont l i é s à la rad io-
pro tec t ion . 

2.3. L 'op t im isa t ion 

L 'op t im isa t i on , par a i l l e u r s , est un élément essent ie l de la 
rad iopro tec t ion appliquée. A f in de déterminer si l ' o n peut " ra ison-
nablement" rédui re une expos i t ion , i l convient de considérer l ' aug -
mentation des avantages que procure une t e l l e réduct ion et l ' aug -
mentation des coûts q u ' e l l e implique. Pour l ' o p t i m i s a t i o n , l ' ana -
lyse coût-avantages est d i f f é r e n t i e l l e et correspond à une analyse 
c o û t - e f f i c a c i t é . Dans la formule u t i l i s é e dans l ' ana lyse coût-
avantages pour maximiser le bénéfice net , la var iab le indépendante 
est l ' équ i va len t de dose c o l l e c t i f , S, résu l tan t de l ' o p é r a t i o n . 

Le bénéfice net optimal se ra i t a t t e i n t pour ^ -(•— + ^ + ) = 0. 

Comme on peut considérer V e t P comme constants avec S pour une 
prat ique donnée, i l s ' ensu i t que la cond i t ion d 'op t im isa t ion est 

= ~ ïï? ' u a t l 0 n s basées sur l ' équa t ion ci-dessus peu-

vent ê t re f a c i l i t é e s en assignant une valeur monétaire à l ' u n i t é 
d 'équ iva lent de dose c o l l e c t i f . L ' u t i l i s a t i o n de l 'ana lyse coût-
avantages pour la j u s t i f i c a t i o n et l ' o p t i m i s a t i o n n'assure pas tou-
jours une pro tec t ion su f f i san te des ind iv idus lorsque les avantages 
et les coûts ne sont pas d is t r ibués de façon ident ique dans la popu-
l a t i o n , et i l devient a lors nécessaire de l i m i t e r les exposi t ions 
i nd i v i due l l es . 

2.4. La l i m i t a t i o n 

La l i m i t a t i o n des exposi t ions v ien t compléter l ' u t i l i s a t i o n des 
processus de j u s t i f i c a t i o n et d 'op t im isa t ion . Les l im i t es d 'équ i -
valent de dose sont destinées à prévenir les e f f e t s non stochas-
t iques et à l i m i t e r à un niveau acceptable l ' a p p a r i t i o n des e f f e t s 
stochast iques. 

Les précédentes l im i t es d 'équiva lent de dose recommandées par 
la Commission ont été en vigueur pendant plus de 20 ans. Rien 
n ' ind ique que cet te l i m i t a t i o n des doses n ' a i t pas réussi à assurer 
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un niveau approprié de sécur i té . Toute fo is , la Commission a jugé 
bon de revo i r ses l im i t es d 'équ iva lent de dose à la lumière des 
connaissances ac tue l les . 

Les nouvelles l i m i t e s d 'équ iva lent de dose sont fondées sur le 
r isque t o t a l l i é à l ' i r r a d i a t i o n de tous les t issus exposés. En 
p r inc ipe , les recommandations de la Commission devraient assurer que 
le détr iment résu l tan t de toute une année de prat ique s o i t l i m i t é à 
une valeur indépendante de la d i s t r i b u t i o n de l ' é q u i v a l e n t de dose 
dans l 'organisme. Les l im i t es d 'équ iva lent de doses doivent donc 
s 'app l iquer à l ' é q u i v a l e n t de dose engagé résu l tan t d'un an de pra-
t i que . 

La Commission pense que, lorsqu'on évalue les r isques a f i n de 
f i x e r des l im i t es d 'équ iva lent de dose pour les i nd i v i dus , le d é t r i -
ment hé réd i ta i re qui peut apparaître dans les deux premières généra-
t ions après l ' i r r a d i a t i o n devra i t ê t re ajouté au détr iment soma-
t ique t o t a l . Cependant, dans toute évaluat ion de l 'ensemble des 
e f f e t s hé réd i ta i res , i l faudra t e n i r compte du dommage subi par 
toutes les générations u l t é r i eu res . Les recommandations de la 
Commission ont pour but de l i m i t e r les e f f e t s somatiques pour les 
i nd i v idus , les e f f e t s héréd i ta i res dans la descendance immédiate 
des personnes i r r ad iées , et les e f f e t s héréd i ta i res et somatiques 
dans la populat ion dans son ensemble. En ce qui concerne les i n d i -
v idus, les l im i t es d 'équ iva lent de dose s 'app l iquent à deux caté-
gories d 'expos i t i ons , à savoir l ' i r r a d i a t i o n profess ionnel le pour 
les t r a v a i l l e u r s et l ' i r r a d i a t i o n générale pour le pub l i c . 

3 - LIMITES D'EQUIVALENT DE DOSE 

3.1. Les l im i t es d 'équ iva lent de dose pour les t r a v a i l l e u r s 

La Commission estime qu'une bonne méthode pour juger de l ' a c -
c e p t a b i l i t é du niveau de r isque dans le t r a v a i l sous rayonnements 
consiste à comparer ce r isque à ce lu i d 'aut res occupations recon-
nues comme a t te ignant un haut niveau de sécur i té , avec une morta^ 
l i t é annuelle moyenne due aux risques professionnels égale à 10 . 
En première approximation, une évaluat ion fondée seulement sur le 
c r i t è r e de mor ta l i t é peut ê t re considérée comme prudente, puisque 
les e f f e t s non mortels de l ' i r r a d i a t i o n sont bien moins fréquents 
que dans d 'aut res professions sûres. 

Le niveau de r isque représen ta t i f d'une profession sûre est le 
r isque moyen pour tous les t r a v a i l l e u r s dans cet te branche, le 
r isque ind iv idue l var ian t avec leur tâche et sa d i s t r i b u t i o n tour -
nant autour de cet te moyenne. Les l im i t es d 'équ iva lent de dose ont 
pour but d 'assurer une pro tec t ion adéquate des ind iv idus les plus 
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exposés. Dans des groupes importants de t r a v a i l l e u r s , la d i s t r i -
bution des équivalents de dose est habituel lement une fonct ion log-
normale, avec t rès peu de valeurs approchant les l im i t es et une 
moyenne ar i thmét ique égale au dixième environ de ces l i m i t e s . 

I l est peu probable que des t r a v a i l l e u r s dont l ' e x p o s i t i o n est 
proche des l im i t es d 'équiva lent de dose reçoivent de t e l l e s doses 
chaque année au cours de leur v ie professionnel le et on peut 
s 'a t tendre à ce que l ' équ i va l en t de dose pour toute la durée de 
leur v ie s o i t nettement i n f é r i e u r à ce lu i que l ' o n pour ra i t dédui-
re de la l i m i t e annuel le. Une exposi t ion de longue durée d'une 
proport ion considérable de t r a v a i l l e u r s à un niveau proche des 
l im i t es d 'équ iva lent de dose ne pour ra i t ê t re acceptable que dans 
la mesure où une analyse coût-avantages approfondie montrera i t 
que l 'augmentat ion de r isque qui en résu l te se ra i t j u s t i f i é e . 

La Commission estime qu'on préviendra les e f f e t s non stochas-
t iques en appl iquant une l i m i t e d 'équ iva lent de dose de 0,5 Sv 
par an à tous les t i ssus sauf le c r i s t a l l i n pour lequel la l i m i t e 
est de 0,3 Sv par an. Ces l im i t es s 'appl iquent que l ' e x p o s i t i o n 
concerne un ou p lus ieurs t i ssus . 

Pour les e f f e t s stochast iques, les l im i tes d 'équ iva lent de 
dose sont fondées sur le pr inc ipe que le r isque d o i t ê t re égal 
que l ' i r r a d i a t i o n de 1'organisme en t ie r s o i t homogène ou non. 
Cette condi t ion sera s a t i s f a i t e s i : 

2 wT HT SW , 
T T T oe,L 

où Wy est un facteur de pondération représentant la proport ion de 

risque stochastique l i é au t i ssu T par rapport au r isque t o t a l 
dans le cas d ' i r r a d i a t i o n homogène, HT est l ' é q u i v a l e n t de dose 

annuel dans le t i s su T, HQe L est la l i m i t e de l ' équ i va len t de 

dose annuel pour une i r r a d i a t i o n homogène de l 'organisme e n t i e r , 
c ' e s t - à - d i r e 50 mSv. 

Les valeurs de wT sont les suivantes : gonades 0,25; sein 0,15; 
moelle osseuse rouge 0,12; poumon 0,12; thyroïde 0,03; surfaces 
osseuses 0,03; reste de l 'organisme 0,30 (avec 0,06 pour chacun 
des cinq t issus recevant l ' équ i va len t de dose le plus élevé et 0 
pour tous les autres t i s s u s ) . 

Pour l ' i r r a d i a t i o n externe par des rayonnements pénétrants, la 
l i m i t e annuelle de l ' i n d i c e d 'équiva lent de dose profond dans une 
sphère de 30 cm HT „ est de 50 mSv. 
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Pour l ' i r r a d i a t i o n in terne due à l ' i n c o r p o r a t i o n de radionu-
c l i d e s , la p ro tec t ion est basée sur des l im i t es annuelles d ' i n c o r -
porat ion calculées par le Comité 2 de la CIPR. 

En cas d'irradiations externe et in terne associées, la l i m i t a -
t i on des doses est donnée par la formule : 

HT I . 

H ^ + 2 T -
 < 1 

oe,L i * j , L 

o u HT est l ' i n d i c e d 'équ iva lent de dose annuel, I , p 

H . la l i m i t e annuelle d 'équ iva lent de dose, oe,L ^ 

I . l ' i n c o r p o r a t i o n annuelle de r a d i o n u c l i d e j , 
J 

I j L la l i m i t e annuelle d ' i ncorpora t ion du 
r a d i o n u c l i d e j . 

Ces valeurs conviennent pour tous les t r a v a i l l e u r s , quel que 
s o i t l ' âge ou le sexe. Toutefo is , des l i m i t a t i o n s spéciales de 
dose peuvent ê t re nécessaires pour l i m i t e r l ' i r r a d i a t i o n de l 'em-
bryon ou du foetus lo rs de l ' e x p o s i t i o n profess ionnel le de femmes 
en é ta t de procréer ou de femmes enceintes. 

3.2. Les l im i t es d 'équ iva lent de dose pour les membres 
du PublicH 

Les risques dus aux rayonnements ne représentent qu'une t rès 
f a i b l e f r a c t i o n de l 'ensemble des dangers auxquels sont exposés 
les membres du publ ic du f a i t de leur environnement. I l semble 
raisonnable de considérer l ' impor tance des risques entraînés par 
les rayonnements pour le grand publ ic à la lumière de l ' accep ta -
t i on des autres risques de la v ie quot idienne. L'analyse des i n -
formations dont on dispose sur les r isques couramment acceptés 
dans la v ie de tous les j o u r s , montre que le niveau d 'acceptab i -
l i t é des risques mortels pour le publ ic est i n f é r i e u r d'un ordre 
de grandeur au niveau d ' a c c e p t a b i l i t é des risques professionnels. 
Sur ce t te base, un r isque de l ' o r d r e de 10 à 10 par an se ra i t 
probablement acceptable pour tou t membre du pub l ic . 

La Commission recommande une l i m i t e d 'équiva lent de dose pour 
l 'organisme en t i e r de 5 mSv par an pour les membres ind iv idue ls 
des groupes de populat ion c r i t i q u e s . En cas d 'expos i t ion de 1 ' o r -
ganismy e n t j e r pendant toute la v i e , l 'hypothèse d'un r isque t o t a l 
de 10 Sv imp l iquera i t qu'on rest re igne la l i m i t e d 'équ iva lent 
de dose à 1 mSv par an. L ' app l i ca t i on aux membres ind iv idue ls du 
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publ ic d'une l i m i t e annuelle d 'équiva lent de dose de 5 mSv condui-
ra probablement à des équivalents de dose moyens i n fé r i eu rs à 
0,5 mSv. S i , dans l ' a v e n i r , l ' e x p o s i t i o n combinée résu l tan t d 'ex-
pos i t ions optimisées devai t conduire à des équivalents de dose 
moyens supérieurs à 1 mSv par an, la s i t ua t i on pour ra i t encore se 
j u s t i f i e r . 

Pour les exposi t ions non homogènes entraînant des doses Ну aux 
organes, la condi t ion de l i m i t a t i o n est 2 WyHy |_ j 

H ' o e ^ est la l i m i t e d 'équ iva lent de dose pour 1 ' i r r a d i a t i o n homo-
gène de l 'organisme en t ie r pour une personne du pub l i c . A f in de pré-
venir les risques non stochast iques, i l convient d 'app l iquer , pour 
tout organe ou t i s s u , une l i m i t e imperative d 'équiva lent de dose 
annuelle de 50 mSv. 

Ces l im i t es pour les ind iv idus du publ ic sont les mêmes pour 
les deux sexes. Mais, l o rs du calcu l de l ' équ i va len t de dose du à 
l ' i n c o r p o r a t i o n de r a d i o n u c l i d e s , i l fau t t e n i r compte des d i f f é -
rences dans les dimensions des organes et les carac tér is t iques mé-
tabol iques qui ex is ten t chez les enfants. 

3.3. Exposit ion de la populat ion 

La Commission ne propose pas de l im i t es de dose pour les popu-
l a t i o n s . I l est c l a i r que la l i m i t e pour l ' i r r a d i a t i o n d'une popu-
l a t i o n dans son ensemble est le t o t a l résu l tan t de la sommation des 
cont r ibu t ions minimales nécessaires et non un t o t a l admissible' 
qu'on pour ra i t r é p a r t i r . 

Toute con t r ibu t ion a r t i f i c i e l l e à 1 'expos i t ion de la population 
do i t ê t re j u s t i f i é e par les avantages q u ' e l l e présente e t l a protec-
t i on du publ ic d o i t ê t re optimisée. Le respect de ces exigences 
garant i ra vraisemblablement que l ' équ i va len t de dose moyen pour 
la populat ion n'excédera pas 0,5 mSv par an. 

4 - NORMES DE PROTECTION 

Le système de l i m i t a t i o n des doses abou t i t à des normes de 
p ro tec t ion . I l est important de f a i r e une d i s t i n c t i o n entre d i f -
férents types de normes de protect ion : les l im i t es et les niveaux. 

4 .1 . Les l i m i t e s fondamentales 

Les l im i t es fondamentales sont const i tuées par les l im i t es 
pr imaires et secondaires. 
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Les l im i t es primaires sont les l im i t es d 'équ iva lent de dose 
pour l 'organisme en t i e r et les d i f f é r e n t s organes ou t i s sus . 

Des l im i t es secondaires sont données pour 1 ' i r r a d i a t i o n exter -
ne et pour l ' i r r a d i a t i o n in te rne . Dans le cas d ' i r r a d i a t i o n exter -
ne de l 'organisme e n t i e r , la l i m i t e secondaire s 'appl ique à l ' é q u i -
valent de dose maximal dans.1'organisme à plus de 1 cm de profon-
deur. Dans.le cas d ' i r r a d i a t i o n in te rne , les l im i t es secondaires 
sont les l i m i t e s annuelles d ' i ncorpora t ion par inha la t ion ou par 
ingest ion. 

4 .2 . Les 1 imi tes dérivées 

Les l i m i t e s dérivées sont associées à des quant i tés autres que 
l ' é q u i v a l e n t de dose ou d ' i nco rpo ra t ion ; e l les sont re l iées aux 
l im i t es fondamentales par un modèle d é f i n i de la s i t u a t i o n dans le 
but de r e f l é t e r les l im i tes fondamentales. On peut f i x e r des l i m i -
tes dérivées pour des quant i tés t e l l e s que le débi t d 'équ iva lent 
de dose à un poste de t r a v a i l , la contamination de l ' a i r , de l ' eau , 
des surfaces 

4.3. Les l im i t es autorisées 

Les l im i t es autorisées sont des l im i t es f ixées par une au to r i t é 
compétente ou par la d i r ec t i on d'un établ issement. Ces l i m i t e s , en 
général, seront in fé r ieures aux l im i tes dérivées. Le processus de 
minimisat ion est fréquemment employé lors de la f i x a t i o n des l i m i -
tes autor isées, mais on peut également u t i l i s e r le processus d'op-
t im i sa t i on . 

4 .4 . Les niveaux de référence 

Les niveaux de référence ne sont pas des l im i tes : on les u t i -
l i s e pour déterminer la conduite à t e n i r lorsqu'une quant i té dépas-
se ou r isque de dépasser le niveau de référence ; l ' a c t i o n à entre-
prendre peut a l l e r du simple enregistrement de l ' i n f o r m a t i o n , en 
passant par des inves t iga t ions sur les causes et les conséquences, 
jusqu'aux mesures d ' i n t e r v e n t i o n . 

5 - APPLICATION PRATIQUE 

Les Recommandations de la Commission t r a i t e n t de manière tou t 
à f a i t d i f f é r e n t e deux condi t ions bien d i s t i nc tes d 'expos i t i on : 

a) ce l les où l ' e x p o s i t i o n est prévue et peut ê t re l im i t ée par 
le cont rô le ; 
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b) ce l les où la source de l ' e x p o s i t i o n a échappé au con t rô le , 
s i bien que toute exposi t ion consécutive ne peut être l i m i -
tée en importance - s i tou te fo is cela est possible - que par 
des mesures d ' i n t e r ven t i on . 

Dans le cas de l ' e x p o s i t i o n à l ' i r r a d i a t i o n na tu re l le à des 
niveaux "normaux", sans modi f ica t ion due aux a c t i v i t é s humaines, 
on considère que le système de l i m i t a t i o n des doses ne s 'appl ique 
pas. 

En cas d 'expos i t ion acc iden te l le , on considère que les l im i tes 
d 'équ iva lent de dose ne s 'appl iquent pas. Cependant, la question 
se pose de savoir quel les sont les mesures d ' i n t e r ven t i on dont on 
dispose pour l i m i t e r la dose qui en résu l te ra . Dans de t e l s cas, 
les r isques ou les coûts sociaux l i é s à toute contre-mesure doivent 
ê t re j u s t i f i é s par la réduct ion de r isque q u ' e l l e apporte. En géné-
r a l , l e processus d 'op t im isa t ion est u t i l e et i l ne sera bon d 'en-
gager des mesures d ' i n t e r ven t i on qui s i leur coût social et le r i s -
que qu 'e l l es comportent sont i n f é r i eu rs à ceux qui résu l te ra ien t 
d'une exposi t ion supplémentaire. L ' a u t o r i t é responsable peut, par-
f o i s , f i x e r les niveaux d ' i n t e r ven t i on auxquels on devra envisager 
diverses mesures d ' i n te r ven t i on . 

L'expression "exposi t ion médicale" s 'appl ique à l ' e x p o s i t i o n 
des personnes soumises à des examens médicaux ou à des t ra i tements 
impliquant les rayonnements. Les procédures médicales ont pour ob-
j e t : les examens ou tra i tements directement associés à une maladie; 
les examens systématiques de groupe ou les b i lans de santé pér io-
diques ; les examens pour la surve i l lance médicale des t r a v a i l l e u r s 
et les examens prat iqués à des f i n s médico-légales ou d'assurance ; 
les examens ou t ra i tements l i é s à un programme de recherche médicale. 
Les pr inc ipes de j u s t i f i c a t i o n et d 'op t im isa t ion sont valables pour 
toutes les exposi t ions médicales. En général, les ind iv idus exposés 
pour des raisons médicales t i r e n t un bénéfice d i r ec t de leur exposi-
t i on et les l im i t es d 'équ iva lent de dose ne sont pas nécessaires. 
Toute fo is , dans le cas d ' i r r a d i a t i o n médicale à des f i n s de recher-
che médicale, les ind iv idus exposés n'en t i r e n t pas de bénéfice 
d i r e c t ; i l est a lors nécessaire de s 'assurer que le détr iment est 
acceptable e t , donc, de f i x e r des l im i tes autorisées pour chaque 
programme de recherche. 

5.1. L 'expos i t ion professionnel le 

E l le concerne l ' e x p o s i t i o n des ind iv idus au cours de leur t r a -
v a i l . Le système complet de l i m i t a t i o n desdoses s 'appl ique : j u s t i -
f i c a t i o n , opt imisat ion et l im i tes d 'équiva lent de dose. L 'éche l le 
et la forme des problèmes posés par la pro tec t ion des t r a v a i l l e u r s 
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contre les rayonnements var ien t dans de t rès larges l im i t es et i l 
y a des avantages prat iques à i n t rodu i re un système de c l a s s i f i c a -
t i on des condi t ions de t r a v a i l e t un système correspondant de c las-
s i f i c a t i o n des l ieux de t r a v a i l . 

5.2. L 'expos i t ion du publ ic 

L 'expos i t ion du publ ic présente des modalités qui peuvent ê t re 
regroupées en quelques grandes catégor ies. Ce sont : l ' e x p o s i t i o n 
aux sources nature l les de rayonnement et aux prat iques qui en t ra î -
nent un accroissement du niveau de dose dû au fond de rayonnement 
naturel ; l ' e x p o s i t i o n aux sources de rayonnement u t i l i s é e s dans 
l ' i n d u s t r i e , la médecine et la recherche ; l ' e x p o s i t i o n due à la 
d ispersion de substances radioact ives dans l 'environnement ; l ' expo-
s i t i o n consécutive à l ' u t i l i s a t i o n dans la v ie courante de biens de 
consommation contenant des sources de rayonnement ion isant ; l ' e x -
pos i t ion due à l ' u t i l i s a t i o n des sources de rayonnement dans l ' e n -
seignement. Pour toutes ces catégor ies, on peut appl iquer les p r i n -
cipes généraux de j u s t i f i c a t i o n , d 'op t im isa t ion et de l i m i t a t i o n 
des doses. En général , les l im i t es dérivées et autorisées sont t rès 
u t i l e s , de même que les niveaux d ' i n v e s t i g a t i o n et d 'enregistrement 
à des f i n s de surve i l lance. 

6 - CONCLUSION 

Cet exposé forcément schématique et incomplet ava i t sur tout 
comme in ten t i on d ' é c l a i r e r la s i g n i f i c a t i o n profonde et l ' a p p l i c a -
t i on prat ique du système de l i m i t a t i o n des doses de la pub l i ca t ion 
2 6 . 

Les recommandations précédentes u t i l i s a i e n t sur tout l 'approche 
i nd i v i due l l e ou ponctuel le fa i san t appel aux notions d'organe ou 
de groupe c r i t i q u e s , a f i n que la p ro tec t ion des plus exposés assure 
ipso facto ce l l e de l 'ensemble. Les nouvelles recommandations ajou-
tent l 'approche c o l l e c t i v e ou globale prenant en compte le r isque 
t o t a l de l 'organisme et l ' e x p o s i t i o n de l 'ensemble des personnes, 
a f i n que la p ro tec t ion couvre la t o t a l i t é du détr iment possib le. 

Les l im i t es de dose anciennes é ta ien t f ixées de façon a r b i -
t r a i r e ou empirique avec pour p r inc ipa l mérite de remédier à des 
s i tua t ions pér i l leuses en p a r t i c u l i e r dans le domaine professionnel . 
Dans sa pub l i ca t ion 26, la Commission a voulu exposer les c r i t è r e s 
d ' accep tab i l i t é des l im i t es de dose, so i t absolus pour les e f f e t s 
non stochastiques à s e u i l , s o i t r e l a t i f s pour les e f f e t s stochas-
t iques , par comparaison avec les autres risques communément acceptés 
dans la v ie profess ionnel le ou publ ique. 
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De façon concise, on peut d i r e que les pub l i ca t i ons antér ieures 
avaient v isé à ob ten i r une bonne p ro tec t i on rad io log ique e t que les 
nouvel les recommandations recherchent la p ro tec t i on la me i l l eu re 
poss ib le . 

DISCUSSION 

T. SCHLESINGER: From Publication 26 it is obvious that an annual 
dose of 5 rem implies an excessive level of risk. In setting the limit, ICRP 
assumed that the average dose to radiation workers would generally be less 
than one tenth of this value. I would like to ask how the legislative authorities 
in any particular country should allow for this assumption in their deliberations. 
Should they insist that this condition be observed? If so, how should the 
average be calculated? Should it be determined over all radiation workers in 
the country, all radiation workers in a particular enterprise or perhaps all 
workers with a specific occupation, for example medical X-ray technologists, 
industrial radiographers, and so on? 

H.P. JAMMET: The important thing is to carry out a statistical study of the 
the dose distribution. Committee 4 intends to look at the best way of approaching 
this problem. 

D. BENINSON: May I add that the values used in connection with average 
doses are not recommendations and should not be included in regulations. The 
dose limits apply to the most exposed individuals, but they are not permitted 
values. They represent the lower level of a region which is inadmissible irrespective 
of protection costs. Below the limits, the situation may still be not permissible 
but the decision then depends on the cost of protection through the process of 
optimization. National authorities have to make this decision for each type of 
practice. 

C.J. VAN DAATSELAAR: Since the mean dose for radiological workers 
is of the order of one tenth of the dose limit, the 5 rem per year value is con-
sidered to be acceptable (even though yearly doses of 0.5 rem mean a step 
higher in the occupational risk scale). From this fact and from the statement 
that 5 rem per year for many years is ««acceptable we can conclude that the 
dose accumulated during a working life should not be permitted to exceed 
about 20 rem. The question I would like to ask Dr. Jammet is whether ICRP 
has given any thought to recommending a "lifetime dose limit" for radiological 
workers? 

H.P. JAMMET: The ICRP has indicated in Publication 26 that exposure 
should not be at the dose limit for an entire lifetime. However, the Commission 
felt that the details of the way this rule was applied should be left to the com-
petent authorities. 
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G. COWPER: The problem of limiting exposure to natural radiation arises 
in the case of the accumulation of radioactivity in houses from radon emana-
tion. I would like to ask Dr. Jammet if the Commission recommends that any 
action be taken to reduce domestic radiation exposure or if we should accept 
such exposure as a natural consequence of man's desire to live in houses. 

H.P. JAMMET: Committee 4 is already studying the question of how the 
dose limitation system should be applied in the case of modifications by man 
of the natural radiation background. 

M.J. SUESS: Do not X-rays used for medical diagnostic purposes warrant 
inclusion in the dose limitation scheme? 

H.P. JAMMET: Medical exposure limits are only required in the case of 
medical research, where the result does not directly benefit the patient. 
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Abstract 

THE IMPORTANCE OF RADIATION RISK ASSESSMENT. 

In its Publication 26, ICRP recommends a system of radiat ion dose l imitation that is 

designed to ensure adequate protect ion f rom the harmful effects of radiat ion in condi t ions 

bo th of occupat ional and of environmental exposure. Clearly, however, no such system can 

be r ecommended or accepted as sufficiently safe unless the risks of the resultant exposures 

have been quanti ta t ively assessed. Publication 26 reflects the increasing quanti ta t ive 

informat ion that is n o w available on (a) carcinogenic risks of radiat ion in man, bo th f rom 

exposure of the whole body and f r o m that of individual organs, at modera te exposures; 

(b) theoretical bases fo r inference of risk, f rom modera te to lower exposures; (c) genetic 

risks in the mouse, and inferences f rom such risks to those in man; (d) the dose equivalent 

levels at which certain non-stochastic effects may be induced. Despite a number of uncertaint ies, 

substantially improved estimates can therefore be made of the levels of safety that are likely 

to be achieved by observing the Commission 's recommended dose limits, and the associated 

system of l imitation of exposures to levels as low as reasonably achievable below these limits. 

Both for occupat ional exposure and for the exposure of the members of the public, these 

estimates are expressed in Publicat ion 26 in terms of the risk of inducing fatal malignancies 

or serious hereditary ill health. These frequencies are compared with those of occupat ional 

fatali t ies in other industries or with accidental fatalities amongst the general public. The 

comparison be tween harm f rom radiat ion and f rom o ther agents in different industries is 

extended in ICRP-27 (on "Problems Involved in Developing an Index of Harm") in a review 

of the t ime lost through occupat ional diseases and non-fatal accidents, as well as f rom fatal 

diseases and accidents, so that the levels of safety achievable by the Commission 's recommen-

dations can be reviewed in the general perspective of occupat ional safety. 

IHTRCŒUCTION 

Radiation protection is about safety, and the prevention 
of any undue risk from radiation exposure at work or in the 
general environment. Obviously therefore, any quantitative 
recommendations on exposure limits and procedures must be made 
in relation to quantitative estimates of the risks that would 
be involved in the use of these limits. 

37 
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SOMATIC EFFECTS 

In its Publication 26 /Т7Д ICRP reviewed the types of harm 
that might result from radiation exposure at low dose, and gave 
estimates of the frequency with which the major such effects 
might occur. With regard to the induction of cancer or of 
leukaemia, the reviews made by the Commission1 s Committee on 
Radiation Effects, and the extensive survey by the United Nations 
Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) /27 had examined the substantial amount of new epi-
demiological evidence on the frequency with which malignancies 
were induced in human tissues by absorbed doses of up to a few 
gray. A number of estimates were therefore available, not only 
of the total number of malignancies that might result from whole 
body exposure, but also of the number of cancers to be expected 
when individual body organs or tissues were selectively irradi-
ated, for example as a result of the intake of radionuclides 
which became concentrated and retained predominantly in these 
tissues. Thus in the case of several such tissues, and 
particularly those of the bone marrow, thyroid, lung and breast, 
there are now several separate sources of risk estimation 
giving reasonably consistent estimates, and in some instances 
giving evidence on the variation of the induction rate with the 
sex or age of those exposed. For a number of other body organs 
or tissues, estimates have been obtained from one or more sources 
of evidence which indicate the approximate induction rate and 
show this rate is low relative to that for the more "sensitive" 
tissues. This appears to be the case for the endosteal cells 
of bone, for brain and salivary glands, for various sections of 
the gut and for the liver and pancreas /2/. Much work still 
needs to be done, particularly in identifying the cell types 
within certain organs which are responsible for cancer develop-
ment following radiation, so that the absorbed dose from 
incorporated radionuclides can, when necessary, be estimated in 
relation to these cell types rather than as averaged over the 
organ as a whole. Enough human epidemiological evidence, of 
reasonable reliability, has accumulated, however, to indicate 
the contribution that cancer induction in different body organs 
is likely to make to the total carcinogenic effect of whole-body 
irradiation. This has the important consequence that a 
quantitative comparison can be made between the effects, for 
example in the induction of fatal malignancies, of uniform whole-
body irradiation - as from external sources - and selective 
organ irradiation - as from internally retained radionuclides. 
In this way a more valid and coherent basis can be recommended 
for internal dose limits than previously; and Vennart discusses 
in detail the adoption of weighting factors for different tissues 
determined according to the sensitivity of those tissues for 
cancer induction, and the use of these weighting factors in 
determining annual limits of intake for different radionuclides t 
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GENETIC EFFECTS 

For genetic effects also, the radiation risk to man can 
now be estimated with somewhat increased confidence. It 
remains true that the estimated frequency with which genetic 
effects are induced in vivo still depends very largely upon 
observations in the mouse or other species rather than in man. 
Studies of human and other cells in culture, however, indicate 
that the induction of chromosome aberrations Ъу radiation 
follows a similar type of dose effect relationship in different 
species. Moreover the numerical coefficients attributable to 
one hit and two hit events that are regarded as responsible for 
these changes, do not differ widely in a number of species fbl. 
In consequence, the human hazard can be reviewed in relation to 
the estimated size of the human genome compared with that of the 
mouse, and the sensitivity of the constituents of the mouse 
genome to radiation. 

This "direct" method of inferring genetic risk from experi-
mental data is supplemented by studies of the radiation doses 
required to double the natural incidence of various forms of 
genetic damage in the mouse. From: this work it is found that 
the "doubling doses" required for induction of several tmi te 
different types of genetic damage are broadly similar /j>, §J • 
If this otherwise surprising finding implies a similarity in 
the response of different chromosomal or BNA constituents to a 
range of mutagens, it is possible to suppose that the frequencies 
of different types of genetic defect may all be doubled by com-
parable doses, in the region of 1 gray, in different species. 
Made on this basis, estimates of the genetic effects of radia-
tion in man are similar in magnitude to those made by the more 
"direct" method already mentioned, provided a valid estimate is 
obtained of those components of the natural incidence of human 
genetic defects of which the frequency is maintained by mutation. 
The evidence on which a human genetic risk estimate could be 
based was very fully and ably reviewed in the 1977 report of 
TOJSCEAR JŤJand by a task group of the ICEP Committee on 
Radiation Effects. 

The risk of causing inherited abnormalities in man by radi-
ation necessarily decreases with age at the time of exposure, 
falling to low values by the age of U5, since conceptions of 
further children are rare after this age. The median age of 
conception is commonly at about 30 years so that, in uniformly 
irradiated communities in which i+Ô  of the population is below 
this age, only of the collective gonad dose is genetically 
significant in causing inherited abnormalities; or, in other 
words, the genetic risk per sievert as averaged over all members 
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of the community, will Ъе 0.1+ times the initial risk in child-
hood, at ages before conception has taken place. This initial 
risk is estimated as being about 10"^ per sievert for the 
induction of substantial genetic abnormalities expressed in the 
first two generations, with an equal risk of such effects in all 
subsequent generations. The average risk of such an abnormality 
being expressed in the children or grandchildren of an individual 
member of the public is thus U x 10"3 per sievert, the total risk 
to all generations having about twice this value. The corres-
ponding average risks in workers are likely to be rather lower, 
owing to the different age structure of the working population /77. 
These values may be compared with the estimated risk of inducing 
a potentially fatal cancer, of 1.25 10*"̂  per sievert; or with 
the rather lower risk of about per sievert (7), in many 
occupational or other populations, since the age distribution of 
the population and the ages at exposure will commonly prevent 
the expression, during the lifetime of the individual, of some 
cancers which develop only after long latency. It is likely 
that the frequency of all non-fatal cancers, which include most 
radiation-induced skin and thyroid malignancies, is about equal 
to that of all fatal cancers. These estimates indicate that 
the total number of substantial genetic defects induced in a 
population is likely to be rather less than the corresponding 
number of fatal cancers. 

NON-STOCHASTIC EFFECTS 

The third main group of radiation effects for which risk 
estimates are needed is that of the so-called non-stochastic 
effects. These include such consequences as cataract, steril-
ity, tissue fibrosis and impairment of organ function. These 
are ordinarily thought to occur only if a relatively high 
threshold dose has been exceeded, so that the risk estima,te at 
lower doses is believed to be zero. It is now recognised, 
however, that for certain tissues such as bone the risk per sie-
vert of cancer induction is low; and for the skin and thyToid 
gland the risk of fatal cancer induction is similarly low. If, 
therefore, tissue dose limits were determined solely to restrict, 
equally for all tissues, the risk of inducing fatal cancer - as 
is attempted by the use of the appropriate weighting factors -
the dose accumulated during a whole working lifetime might for 
certain tissues exceed the threshold dose at which non-stochastic 
effects were induced. The imposition of an overriding limit 
of 0.5 sievert per year for any tissue (or 0.3 for the lens) is 
designed to ensure a zero risk of non-stochastic effects even 
after a working lifetime at maximum annual exposure f\J. I 
believe that further work is needed to identify the amounts of 
exposure which, when continued uniformly over several decades of 
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life, ultimately may cause a significant frequency of such 
detrimental, but non-malignant, effects. This applies particu-
larly for the thyroid, skin and bone since these are tissues for 
which the dose limit is most restricted by non-stochastic, 
relative to conventional stochastic criteria. Meanwhile the 
non-stochastic limitation seems likely to represent a policy of 
extreme caution, in view of the infrequency with which workers 
can be expected to sustain maximum exposure at the relevant limit 
for every year of their working lifetime. And the limits recom-
mended for members of the general public, which are lower by a 
factor of 10, should more than cover the possibility of a wider 
individual variation in thresholds in the potentially larger 
populations that may be exposed. 

It is evident that much further work is required, for 
example, on the age dependency of the induction rate for various 
forms of cancer and on the genetic risk as determined directly in 
man or on human cells, as well as on the induction of non-
stochastic effects by prolonged exposure of certain tissues. 
More information is needed also on the factors influencing the 
neoplastic transformation of cells and their survival, and so the 
likely form of the dose effect relationship at low doses and the 
way in which the carcinogenic effect of radiation at a level of 
milligrays should be inferred from that observed at a level of 
grays. This radiobiological approach is particularly important, 
since any epidemiological evidence is likely to be so unreliable 
statistically at these low dose levels. 

COMPARISONS OF RISK 

Enough clear and quantitative information is now available, 
however, for estimating the general level of risk involved in 
radiation exposure. Indeed, the numerical bases for radiation 
risk estimation are veiy much better and more comprehensive than 
those for establishing the risks of exposure to many important 
chemical and other potentially harmful agents in the working or 
the general environment. It is in fact an unusual situation, 
that the probable hazard of an environmental contaminant should 
- as is clearly desirable - be estimated before its effects at 
environmental levels have been detected. Anomalously, but 
predictably, some of the problems in public acceptance of radi-
ation hazards appear to arise from this essentially responsible 
attempt to estimate the degree of safety or level of risk 
involved in practices which entail radiation exposure, and to 
present these estimates for consideration. It must be important, 
however, that any recommendations should be accompanied by a 
statement, and as clear a statement as possible, on their 
implications, and on the degree of safety or of hazard that may 
result from their adoption. 
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TABLE I. U.S. FATAL OCCUPATIONAL ACCIDENT RATES ( l O ^ a ' 1 ) 

Industry 1955 1958 1961 1961+ 1968 1971 1975 Mean 

Trade 120 90 90 80 70 70 60 83 
Manufacturing 120 120 110 100 90 100 80 103 
Service and 
government 150 11+0 130 130 125 125 115 131 

Transport and 
public utilities 3ho 330 1+30 Uho 380 360 330 373 

Agriculture 550 570 600 670 650 670 580 613 
Construction 750 7Ц0 7I+O 730 71+0 710 610 717 
Mining and 
quarrying 1 01+0 960 1 080 1 080 1 170 1 000 630 991+ 

All (these) 
industries 21+0 220 210 210 190 180 150 200 

Such a statement can I think only be seen in a true per-
spective, however, if it is made, not merely in absolute numbers 
of possible fatalities or other defects, but in comparison with 
the corresponding levels of safety or hazard of other and more 
familiar situations or procedures. This type of comparison is 
the more important since many people tend to think of procedures 
as being either safe or unsafe, in an absolute sense, and, under-
standably, do not think in a quantitative way about different 
levels of risk or have familiarity with the different levels of 
risk involved in familiar situations. 

It is important to emphasise that a comparison of numerical 
levels of risk from different procedures cannot and should not in 
itself determine the acceptability of any one procedure. It 
should, however, surely be an important factor in influencing 
acceptance or rejection of alternatives, or in determining the 
way in which they should operate. Biological safety is only one 
component in any decision between available alternatives, for 
example as between different occupations or different sources of 
electricity production. It must however be regarded as a very 
important component, and one which must be based on an evaluation, 
not only of the types of harm, but also of the numerical fre-
quency of these types in the different alternatives. 

OCCUPATIONAL RISK 

In Publication 26 the Commission gives an estimate of the 
detriment that might result in occupations in which the radiation 
exposure is controlled on the basis of the recommended dose limits 
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TÀBLE II. UNITED KINGDOM FATAL ACCIDENT 
RATES ( 1 CT6 a"1 ). (ANNUAL REPORTS OF THE 
CHIEF INSPECTOR OF FACTORIES, 1959-70) 

Occupation or manufacture Mean + S.E. 

Clothing and footwear 3 ± 1 

Engineering and electrical 
goods 23 + 1 

Textiles 23 + 2 

Vehicles 26 + 2 

Paper, printing, and 
publishing 28 + 2 

Metal goods not elsewhere 
specified 29 + 2 

Pood, drink and tobacco 3U + 2 

Leather, leather goods and 
fur 37 + 8 

Timber, furniture, etc. 6h ± 5 

Bricks, pottery, glass, 
cement, etc. + 

Chemicals and alïied 
industries 87 + 

Metal manufacture 136 + 

Shipbuilding and marine 
engineering 162 + 8 

and procedures. It compares this detriment with that observed 
in occupations not involving radiation exposure and which are 
regarded as having high standards of safety. 

As there presented /Т7. this comparison is based upon the 
average frequency of fatalities that are attributable to the 
occupation, whether they result from radiation exposure in the 
one case or from fatal accidents or diseases in the other. 
Reference is however made to the use of the further and wider 
criteria of harm which are discussed in ICRP Publication 27 (as 
described below). As regards the safety of conventional 
occupations, the fatality rates vary considerably in different 
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TABLE III. FRANCE, NATIONAL STATISTICS OF 
OCCUPATIONAL ACCIDENTS (STATISTIQUES NATIONALES 
D'ACCIDENTS DU TRAVAIL, 1 9 6 8 - 7 0 ) 

Industry (l0"6a~1) 

Clothing industries 17 
Textile industries 1+2 
Metal workers 118 
Chemical industries 169 
Quarrying, etc. 
Dockers (marine) 1 020 
Trawling, téléphériques, pleasure vessels, 
etc. 1 636 

industries, and also differ somewhat in comparable industries in 
different countries, and to a limited extent from year to year 
(Tables I , II and III). An industry with high standards of safety 
was considered by the Commission to be one in which the average 
annua] mortality due to occupational hazards did not exceed 10-^, 
that is, with less than 100 deaths per million employed per year. 
It will be seen that this criterion is satisfied in two of the 
seven occupational groups noted in Table I /§7, in the majority of 
"factory" occupations given in Table 10/, and in 2 of the 7 
occupational groups in Table III/ÎÎ7 

In occupations involving radiation exposure the average 
risk will clearly depend upon the average annual dose that is 
actually achieved when any exposures which exceed the dose 
limits are avoided, and when all exposures are reduced to levels 
as much below these limits as is reasonably achievable. In the 
occupations that have been studied, the observation of these 
requirements has commonly been shown to result in a mean annual 
dose throughout the occupational group of about 5 mSv /17» 
In these circumstances, given the estimated risk of fatal malig-
nancies of 10~2 Sv--1-, the average "fatality rate" from the 
occupational radiation exposure would be 5 10~5 a--*- and so would 
lie within the range of fatality rates of "safe!1 industries, as 
defined by their having a risk of less than 10"^ a-1. 

It may be noted that this would remain true if the risk 
estimate were taken to include the induction of substantial 
genetic defects in the children or grandchildren of those 
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TABLE IV. ESTIMATED DETRIMENT FOR OCCUPATIONS WITH MEAN 
RADIATION EXPOSURE OF 5 mSv PER YEAR 

Fatal malignancies 
in those exposed 1.25 X l O ^ S v " 1 X (5 X 1 0 " 3 S v a " 1 ) = 6 X l O ' V 1 

Serious hereditary defects 
in children and grandchildren 4 X 10" 3Sv _ 1 X (5 X 1 0 " 3 S v a _ 1 ) = 2 X l O ' V 1 

Fatal accidents in range of (1 or 2) X 10"5a~1 

Total < 1 0 " 4 a _ 1 

exposed, of which the risk is taken to Ъе per Sv of gen-
etically significant exposure. It would commonly remain true 
also with the inclusion of accidental deaths, which have been 
found to be low and in the region of 1 or 2 per 1(P per year, in 
staff working in reactors or similar plant (Table IV). 

In certain occupations, however, the average radiation 
exposure, and therefore the radiation risk,may be higher. For 
example, it is to be expected that in uranium miners, the com-
bined exposure to external radiation at work and to internal 
radiation following inhalation of radon will ordinarily cause the 
average effective dose equivalent rate substantially to exceed 
5 mSv per year; and in this opcupation the annual accidental 
fatality rate itself alone often greatly exceeds the 
value ßgj. . 

I believe therefore that when the dose limits are treated 
truly as limits which are never to be exceeded by any workers in 
any year, and when exposures are held as far as reasonably prac-
ticable below this limit, the total fatalities of occupational 
origin will usually be within the range of those observed in 
industries of recognised safety, unless the occupation itself 
also involves substantial accidental hazards. Where however 
the traumatic hazard is high, or in industries or sections of 
industries in which, as the Commission warns / Ï 7 . the exposure 
is planned so that a large fraction of workers receive dose 
equivalents approaching the annual limit, in these cases the 
occupation must of course be recognised as not having a simi-
larly high standard of safety. 

While reviewing occupational hazards in terms only of 
fatalities, the Commission discusses the limited application of 
this criterion, and refers to its Publication 27, a report on 
"Problems involved in developing and Index of Harm" /77. 
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This report considers ways in which the total effect of occu-
pational harm might be represented by an index based on the 
average length of time lost from normal healthy life, not only 
as a result of all fatalities from occupational causes, but also 
by non-fatal accidents and diseases attributable to the 
occupation, and by radiation effects on the embryo or foetus of 
pregnant workers, as well as by effects on the germ cells in 
causing genetic harm. The variation of radiation risk with sex 
and with the age at the time of exposure is also considered. 

When account is taken in this way of a wider range of dis-
abilities, including non-fatal industrial injuries and non-fatal 
radiation induced cancers, an occupation involving a mean 
radiation exposure of 5 mSv per year and an annual fatal 
accident rate of (l to 2)-10-5 appears equal in harm to one with-
out radiation or toxic chemical exposure but with a fatal acci-
dent rate of (U to 5)'10~5. These rates lie between those for 
factories producing leather goods, and those engaged in work on 
timber or furniture in the United Kingdom (TableII), and are 
somewhat below that for workers employed in trade in the United 
States (Table I). 

If in an extreme case, however, radiation exposure were to 
be planned or conducted so that all workers received the dose 
limit of £0 mSv per year, the harm would on the same criteria be 
equivalent to that of an occupation with a fatal accident rate 
of 3UxlO~5 per year. This would correspond to the risks 
recorded for transport and publiq utility workers in the United 
States (Table I), for quarry-workers in Prance (TableIII),or as 
the average for coal miners in the United Kingdom from 1967 to 
1976 ßjj. 

RISK TO TBE PUBLIC 
The maximum radiation risk to members of the general public 

is much less readily expressed in relation to comparable risks, 
for several reasons. Firstly, the limits recommended for 
exposure of a member of a critical group in any one year (of 
5 mSv) are likely in most cases to be related, not to the dose 
actually received, but to that which might be received on the 
basis of environmental models designed to maximise the estimated 
exposure. And secondly, it is difficult to select other environ-
mental sources from which the risk is imposed on the public in 
the same way and for which the risk is known quantitatively. The 
risks from atmospheric discharges from coal-fired power plants 
are similarly "imposed" but - remarkably - cannot yet be esti-
mated with,confidence. The risks from natural phenomena can be 
estimated, but are not imposed in the same way, by human action. 
The Commission reviewed various types cf environmental risk, as 
have many authors , 15> 16, IJ^and expressed the opinion that 
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annual risks of fatality from an environmental source of 10~6 to 
10"5 (i.e. with a risk of "killing the individual" once in 
100 000 years or longer) "would be likely to be acceptable to 
any individual member of the public" / 1 А 

The subject of public risk is not addressed in Publication 
27. The estimate of harm by length of life lost may however be 
applied to a member of the public who was exposed continually to 
radiation at the limit suggested for lifelong exposure, of 
1 mSv per year / Т 7 » (This limit applies to exposures actu-
ally thought to be received, rather than as estimated by the 
maximising assumptions of an environmental model). Taking 
account of the likely latencies in the expression of radiation 
induced cancers, both in childhood and in adult life, the con-
tinuous lifelong exposure of such an individual at the limiting 
rate would appear on average to involve a life shortening of 
about six days. For perspective, it would be useful if esti-
mates were made of the mean life shortening attributable to 
other environmental agents. The Commission refers in 
Publication 26 to the average risk of death from traffic acci-
dents. In the UK population, the mean life shortening from 
this cause is about 1.5 days The mean loss of life 
from man-made radiation exposures, if similarly averaged 
throughout the population, would be about 3>3 days, of which 
3.1 days would be attributable to exposures from medical radi-
ology, and 0.2 days from all other sources f^^J. 

ACCEPTIBILITY OF RISKS 

It must be repeated, that neither statements of the numeri-
cal level of risk, nor comparisons of these levels with those 
arising from other activities, should or will determine 
occupational or public acceptability of the risk or choice of 
the activity. Where radiation is involved, such decisions are 
likely to be affected also by many other considerations: by the 
type of risk, with carcinogenic risks coloured by the fear of 
cancer and by the nature of the disease, and genetic risks 
associated with the unfairness of affecting later generations by 
the activities of today; and the presence of carcinogens and 
mutagens also in fossil fuel and other chemical discharges is 
often not recognised. An accidental death is often felt by the 
worker, rightly or wrongly, to be due to a lack of skill on the 
part of the victim, whereas this cannot be true of a cancer 
resulting from a given radiation exposure sustained under normal 
working conditions. The very action of estimating the size of 
radiation risks may also suggest their severity, particularly to 
those to whom the levels, and even the occurrence of risks from 
other sources is unknown. ' Moreover, the need to estimate the 
risks of low doses prospectively and partly on theoretical grounds 
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will necessarily carry less conviction than when risks can be 
determined retrospectively from observed statistics. . And above 
all, risks from unfamiliar sources are usually more feared, or 
are felt to be greater, than those from sources which have long 
been commonplace. This remains true for radiation, even des-
pite the fact that the average annual exposure from all arti-
ficial sources (apart from medical ones) is probably less than 
2% of that which has always been received from natural 
sources /J2/ 

So the importance of radiation risk assessment may lie, not 
only in the necessity for knowing that the public health pro-
tection is adequate in circumstances where some exposure is 
unavoidable, nor yet in the need to accompany any recommended 
limits by a statement of their implications. It must lie also 
in part in attempting to ensure that an informed public and 
their representatives make correct and informed decisions which 
minimise human harm. 
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DISCUSSION 

H. BRUNNER: It may be misleading to compare the risk of a high-dose 
group of radiation workers (5 rem per year during a lifetime) with the average 
risk in other industries. ICRP Publication 27 contains no information about 
the distribution of risks in these other industries. A high-dose group such as 
reactor maintenance workers should be compared to high-risk groups in other 
branches, such as the manufacture of explosives within the chemical industry. 
Only the average risk for all radiation workers should be compared with the 
average risk in other types of occupation. 

E.E. POCHIN: Yes, and most of the comparisons that I made were indeed 
between the average fatal accident rates observed in various industries and the 
average risks of fatal cancer induction in industries which involved mean 
exposures throughout the industry of 5 mSv per year. I also compared the 
radiation risk estimates for types of work which regularly entailed higher 
exposure rates with accidental fatality rates in industries of higher risk. This 
comparison could, however, have been made with sections of other industries 
in which, for example, certain chemicals were used, and in which higher risks — 
including risks of cancer induction — have been observed. 

V.K. GUPTA: The radiation protection standards are based on a com-
parison with risks occurring in other (safe) industries. Could you please clarify 
whether formal safety standards or requirements have been enforced in these 
conventional industries and whether the risk estimates are optimized or not? 

E.E. POCHIN: No suggestion is made that safety standards are in fact 
at present optimized, either in the conventional industries or in those involving 
radiation exposure. The purpose of the comparison is simply to illustrate the 
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relationship between the occupational fatality rates found in these two types of 
industry. It is however true to say that safety and health precautions are 
regularly reviewed and emphasized in most industries. The decreases in fatality 
rates that are observed (often by one or more per cent per year) indicate the 
effect of this. 

Y. NISHIWAKI: It is certainly important to compare radiation risks such 
as cancers and malignancies with other types of risks such as those of fatal 
accidents. I assume that what you call "fatal accident rate" in your paper means 
the product of the probability of an accident and the probability of death per 
accident rather than the rate of accidents in which one or more human lives 
are lost. I would like to know whether in the probabilities or risk factors for 
cancers and malignancies given in ICRP-26, the probability of death per cancer 
or malignancy is taken to be unity for all age groups and for all tissues and 
organs or whether the values are the probabilities of fatal cases alone. Perhaps 
you could say what the ratio of fatal to non-fatal cases would be for the different 
age groups and for the various tissues and organs. 

E.E. POCHIN: The rates which I reported are based directly on the observed 
numbers of accidental deaths resulting from occupational causes in the various 
industries, but expressed as rates per million persons "at risk"; they are not 
derived indirectly from a probability of accidents and an assumed frequency 
of death following such accidents. Similarly, for radiation-induced malignancies, 
the estimates are ordinarily based on direct epidemiological evidence of the actual 
numbers of deaths — in excess of expectation — from the various types of 
cancer following radiation exposure. One exception to this is that some surveys 
of breast cancer induction report the excess incidence, rather than (or as well 
as) the excess mortality. The other exception is that all studies of radiation-
induced thyroid cancer are of the incidence of this malignancy following radiation. 
As noted in the 1977 UNSCEAR report, only a few per cent of radiation-induced 
thyroid cancers prove fatal, at least within 20 to 25 years of exposure. The rate 
of fatal thyroid cancer induction is therefore likely to be only a small fraction 
of the total induction rate. Radiation-induced skin cancers are also rarely likely 
to prove fatal. Overall, it may be expected that of the order of half of all 
cancers induced by whole-body radiation may prove fatal. 

W.R. BUSH: Although the same annual limits apply to women and to men, 
the ICRP recommends that any necessary exposure of women be received at 
"an approximately regular rate", so as to protect a possible embryo or foetus 
that a woman might unknowingly be carrying. In order to translate this 
recommendation into a regulation, it is desirable to quantify the idea of "regular 
rate" by specifying a dose limit for some period shorter than a year. Perhaps 
four weeks would be a reasonable period; this would yield a pro rata limit of 
0.4 rem per four weeks. If such a limit were specified, it would imply that 
0.4 rem could be received acutely, all in a single day for example. What I would 



IAEA-SR-36/50 51 

like to ask is whether an acute dose (deep dose-equivalent index) of 0.4 rem 
would be acceptable for a woman of reproductive capacity. Similarly, if a 
woman was known to be pregnant, would an acute dose of, say, 0.1 rem be 
acceptable? If not, what should the maximum acceptable value be in these cases? 

E.E. POCHIN: I believe that the proper solution to this problem would 
depend on a knowledge of the likelihood of harm being caused to the human 
embryo or foetus by different amounts of radiation exposure at various stages 
of intra-uterine development. Some quantitative evidence was reviewed in the 
1977 UNSCEAR report of risks to the conceptus in various mammalian species 
from such exposure, but direct evidence as to the thresholds or risks for 
developmental injury in man is still very limited. 

H.P. JAMMET: I would like to add that the recommendations contained in 
ICRP Publication 26 are based on the assumption that operational radiation 
protection would be carried out by responsible and competent personnel and 
on the idea of flexibility in application. If the exposure of women of 
reproductive age is regularly distributed in time, no other limits are required; 
if it is not, then the responsible authority involved should set special local limits. 
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Abstract 

JUSTIFICATION: T H E O R Y AND APPLICATION. 
The concept of just i f icat ion implies tha t a specific decision as to the relative merits of 

benefi ts and costs and detr iment be made whenever: (1) a new practice is in t roduced that 
involves an indirect or direct increase in radiat ion exposure; or (2) an existing practice affect ing 
radiation exposure is modif ied ; or (3) an increase in radiat ion pro tec t ion of an existing pract ice 
is to be considered. Such decisions are imprecise and involve intangible values. ICRP has, 
however, developed a mathemat ica l model to express the s t ructure of such decisions. The 
utility of this model for making the key parameters of just i f icat ion decisions visible is explored 
in this paper in two ways. First , the s t ructure of the model and its implications are explored 
in the abstract . Secondly, several specific applications are studied to de termine if the model 
has utility in s tructuring application decisions, and the ex tent to which conclusions can be 
evolved in a meaningful , visible manner . 

1. INTRODUCTION 

ICRP requires that a practice causing radiation exposure should be justified 
on an overall cost-benefit basis. The process of justification is basically, therefore, 
a policy decision, not a scientific or technical one, and involves intangible values 
and policy considerations which cannot be easily quantified. The responsibility 
for making the policy decision may range from completely political decisions for 
major practices to policy decisions made by radiation protection authorities for 
ordinary practices. The role of the scientist is one of presenting some portions 
of the information required by the decision-maker, specifically the technical inputs. 

Justification as to the relative merits of costs, benefits, and detriment must 
be made in three distinct cases: 

( 1 ) A new practice is introduced that involves an indirect or direct increase 
in radiation exposure; or 

(2) An existing practice affecting radiation exposure is modified; or 
(3) An increase in radiation protection for an existing practice is to be 

considered. 

53 
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In each case a distinct, visible balancing is required to assure that the increased 
benefit of the new or changed practice is sufficient to offset the change in detriment 
incurred. The balance, by its nature, will involve value judgements, and will be 
imprecise due to inclusion of intangible values,.measurement limitations, and use 
of non-commensurate parameters. Thus, any justification decision cannot be made 
on a completely numerical basis. Numerical values, together with their stated 
uncertainties and limitations, can help clarify and denote the value judgements to 
be made, but are insufficient alone for policy decisions. 

2. GENERAL FORM OF JUSTIFICATION 

Although a justification decision is not purely numerical, a mathematical 
structure of the justification process can be quite useful for understanding the 
process and application. The structure presented here is thus a study mechanism, 
not an end in itself. 

Justification is determined in general form by examining the difference 
between the new (or changed) practice (n) and a reference condition (r) in the 
form of a difference equation. 

where В = Benefit (NET) 
V = Worth of practice 
P = Production cost of introducing the practice 
X = Cost of radiation control 
S = Detriment from increased exposure 
си = Value of a man • sievert for justification 

The parenthesis around AV~AP is to emphasize the difference of these 
parameters from those associated with radiation protection and exposure parameters. 
Thus justification consists of two parts, the first involving the worth and costs of 
the practice, and the second involving the implementation of radiation protection 
practices and a judgement of the social costs of the remaining detriment. This 
separate identification of the value of alpha for justification is to indicate that it 
may be a different value from that used in optimization. Usually optimization 
precedes justification and is based upon assuring that: 

( B n - B r ) = (Vn—Vr) - (P„-P r) - ( X n - X r ) - as (S n -S r ) (1) 

AB = (AV-AP) - AX-ajASj (2) 

A X 
(3) 
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where the subscript о refers to optimization for both the value of alpha and the 
change in detriment. In practice, the variations of the protection and detriment 
costs are not continuous, and optimization implies the selection of one of a group 
of alternative control procedures. In these cases, optimization is approached by a 
series of incremental variations carried out such that 

and the options have been ordered by increasing protection cost. 
Optimization is well covered elsewhere, and will not be covered in detail 

here, but it is important to note the differences for alpha and detriment for 
justification and optimization. The total detriment, AS, consists of two parts: 
(1) the detriment removed by optimization at cost AX, and (2) the remaining 
detriment not removed, but attributable to the practice. It is the latter detriment 
which is of concern for justification since AX in monetary units will have been 
spent to remove AS0. Thus: 

AS = ASo + ASj (5) 

The remaining change in detriment from the change in practice, ASj, is the 
parameter of concern for justification. 

The value of alpha for justification, ay, may differ from that for optimization, 
oí0, but aj cannot be less than the a 0 . That is, 

otj > a0 (6) 

This arises since the value of alpha for optimization, a 0 , may be limited 
by the availability of resources. When all radiation protection and other hazard 
reduction needs are considered and the value of prevention of a stochastic 
fatality or illness is considered 'across-the-board', only a limited amount of 
resources may be available for the total. When such limits apply, a selection of a 
lower value for alpha in justification means that radiation protection will have 
a disproportionately lower influence in justification decisions. This in turn would 
reflect an uneven allocation of resources. 

Alpha may be higher for justification since here one uses a value inferring what 
society ought to do (not just what it can do for limited resources in optimization), 
and in many cases the radiation impact costs may not even be specified in 
monetary terms since the judgements involved may be at a higher level of abstraction. 
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3. PROBLEMS IN DETERMINING PARAMETER VALUES 

Although the determination of detriment is of most interest to radiation 
protection practitioners, in most cases the values of AV, ДР, and oq will be the 
least precisely defined variables. Thus, these decisions cannot be more precise 
than these imply. 

3.1. Boundary condition analysis 

Nevertheless, it is possible to use the justification equation to undertake a 
boundary condition analysis to evaluate these parameters. Many situations 
provide large variations under these conditions which make the choice obvious or 
the analysis helps identify the critical parameters. The boundary analysis takes 
place where ДВ = 0 such that : 

3.1.1. Differ en tial analysis 

In this case, neither AV or ДР need be known, but their difference, which 
may be estimated, can be compared to the radiation protection considerations. 
Such differences may be on a scale that dwarfs the radiation portion. For a 
radiation protect ion decision where oq = a 0 , ДХ = a 0 A S , and if 

the practice is obviously justified. 

3.1.2. Radiation protection practice 

When neither AV nor ДР change, as in the case of increasing radiation 
protection for an existing practice, or if ( ДР-AV) = 0, then the decision reduces 
to assuring that optimization has taken place resulting in: 

3.1.3. Evaluation of ranges of alpha 

The justification may be used at the limit to investigate possible ranges of 
alpha. This may be appropriate in cases where alpha itself may not be known, 
as discussed below. In this case the following equation is examined at the limit 
for varying ranges of uncertainty in parameters: 

(AV-ДР) = AX + OjASj (7) 

( AV-ДР) > ДХ (8) 

AX > a 0 A S (9) 
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(ДУ-ДР) - ДХ 

ASj 

Examples of this will be covered subsequently. 

(10) 

3.2. Problems in measuring detriment 

The problems in measuring detriment are the same as those for optimization, 
and are well covered elsewhere. However, some of the difficulties are listed as 
reminders of the uncertainty in such measures. The quanti ty of interest is the 
collective dose commitment . 

Uncertainties in dose-effect relationships at low doses; 
Use of simplifying assumptions such as weighting factors; 
Truncation of long-term dose commitments; 
Population size assumptions; 
Values attr ibuted to stochastic health effects in the distant future; 
Performance of controls in obtaining and maintaining stated decontamination 

factors. 

On this basis numerical values of detriment alone are probably an inadequate 
means to express detriment. Explanations of the causes and ranges of uncertainty 
must also be included. 

3.3. The value of alpha 

3.3.1. Additional considerations for natural exposures 

Both justification and optimization assessments require that a monetary 
value for alpha be assigned to the unit of collective dose. Values used in different 
countries for alpha have been published, and needs for global alpha values 
discussed. However, it becomes apparent that alpha can have different values as a 
result of other factors. This is particularly apparent when considering modification 
of exposures f rom natural radiation sources. In these cases it may depend on 
whether the exposed individual can be identified as well as the voluntary nature 
of the exposure action. 
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3.3.2. Factors affecting the value of alpha 

Four alternatives result f rom consideration of these factors: 

(1) Unidentified individuals exposed involuntarily 

This is the usual situation for radiation protection and represents the 
conditions for which the value of alpha is usually determined, e.g. nuclear 
power plant emissions. This is the base case. 

(2) Identified individuals exposed involuntarily 

An example of this case is the presence of uranium mill tailings used 
under houses in Grand Junction, Colorado, where such tailings were not 
considered as posing a radiological problem. Funds spent for remedial 
actions are not borne by the individual. 

The value of alpha in this case would be higher than for the base case. 

(3) Identified individuals exposed voluntarily 

An example of this case is houses built on tailings in Ontario, Canada, 
where no government funds were available for remedial action and a 
homeowner must make a voluntary decision to spend his own funds. 

The value of alpha in this case would be much lower than the base case. 
This reasoning may explain in part the reticence of individuals to take steps 
to avoid natural exposures such as flying in airplanes or living in high-
background areas. 

(4) Unidentified individuals exposed voluntarily 

Examples for this case are rare. One example might be the case of a 
builder of houses on land reclaimed from phosphate mining. He may be 
willing to pay some additional costs for building designs to minimize fu ture 
exposures to unidentified buyers of the houses. The builder's benefit may 
be the ease of selling a house built on low-cost land. 

3.4. Incremental versus absolute analysis 

The linear dose-effect relation leads to the use of incremental analysis of 
detriments, i.e. change in detriment f rom one source is considered to be the sáme 
as an equivalent change in another source. Such incremental analysis may not 
reflect the perception of detriment by the risktaker on an absolute basis when 
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there are similar risks from other sources present. This is particularly important 
in naturally-occurring radiation when uncontrollable natural background levels 
are present. In these cases, the perceived detriment may be quite different.from 
the estimated detriment. A perceived detriment index (PDI) might be expressed as: 

PDI = AS 
AS + Rj + R2 + . . . R n 

AS 
(11 ) 

AS + ь 
i— 1 

where R, is the risk from uncontrollable background, R2 is the risk from other 
natural radiation sources, R 3 other radiation risks, R 4 . . . R n other similar risks 
to which the risk agent is exposed. If the detriment from the practice, AS, is 
the predominant risk, the PDI is close to one. If other risks dominate, the PDI 
becomes fractionally smaller. In these cases, the estimated detriment might be 
multiplied by the PDI for use in the justification determination as a 'perceived 
detriment' adjustment. 

It is important to note that such an analysis is only valid for individual risks 
for identified situations. It is not applicable for examination of collective dose 
in large populations. This arises since the perception of risk is an individual 
behavioural perception of identified risk agents. Such consideration is valid when 
the risktaker is making his own decision, but becomes increasingly less valid as the 
population size in a decision increases and such analyses become regulatory decisions. 

4. LIMITS TO CONCEPTUALIZATION 

The purpose of using a mathematical structure to review justification is to 
provide a vehicle for better understanding of the difficulties, limits, and 
applicability of formal justification procedures. Such structures are only useful if 
they do not counter intuition where intuition has been found to work. Thus any 
approach must work in practice, and work under all conditions. 

Some of the most difficult questions arise when considering modification of 
exposures from natural radiation. Thus several examples were chosen from these 
as examples of the application of justification. The purpose is not to substitute 
numerical structures for justification decisions, but to show how such conceptualiza-
tion can contribute to better justification decisions. 
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5. APPLICATIONS 

Several applications in the modification of natural radiation exposure have 
been examined. These include: 

Radon removal f rom natural gas; 
Radon removal from liquid petroleum gas (LPG); 
Moving to avoid high natural background levels; 
Houses built on phosphate tailings. 

5.1. Radon removal from natural gas in the USA [ 1 ] 

Natural gas contains varying amounts of radon-222, which becomes dispersed 
in homes when natural gas is used in unvented appliances. Radon decays to alpha-
emitting daughter products which can contribute to lung cancer when inhaled 
and deposited in the respiratory system. The natural gas system already exists. 
The decision to be examined is whether controls to reduce radiation risk should 
be imposed. In this case, the change in system value, AV, is zero since the system 
will remain unchanged. The same is true for the system production costs which 
are already invested. Thus, the justification equation should only consider the 
detriment and the cost to reduce it. The balance equation reduces to: 

= (12) 
AS 

The estimate made for AS and AX by Johnson et al. [ 1 ] for use of unvented 
kitchen ranges and space heaters in homes, using available data, has a number 
of inherent uncertainties. 

Without belabouring the study's conclusions, and assuming an order of 
magnitude uncertainty in either direction, the estimate of detriment is:1 

"For the average use of unvented kitchen ranges and space heaters, 
the tracheobronchial dose equivalent to individuals was estimated as 
15 and 54 mrem/a, respectively, or 2.73 million person-rems per year 
to the United States population. A review of exposure conditions, lung 
model parameters, dose conversion factors, and health effect factors 
indicated this population dose equivalent could potentially lead to 
15 deaths a year f rom lung cancer. This represents only 0.03 to 
0.08 per cent of normal lung cancer mortal i ty." 

1 For determinat ion of dose-effect coefficients see Appendix . 
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For control cost data, the following information is extracted f rom the 
reference: 

"At the present t ime the most feasible method for removing radon 
from natural gas would be to store the gas and take advantage of the relatively 
short half-life of radon-222 (3.83 days). For example, a storage period 
of two weeks between production at the well head and the use of natural 
gas would reduce radon levels by radioactive decay to less than 10 per cent 
of the original content. Storage is also a first consideration for radon 
control, because this is already an integral part of the gas industry. As 
noted previously, storage is used to provide the necessary balance between 
a constant production rate and seasonal demands for natural gas. Most 
storage operations are now carried out by using underground reservoirs, 
mainly depleted gas and oil wells. Such reservoirs presently have sufficient 
capacity to store about 30 per cent of the annual net marketed production 
of natural gas. Since the average storage time is probably between two and 
six months, then much more than 30 per cent of the annual production 
could be routed through storage." 
The range of detriment is 1.5 to 150 health effects per year with a mid-range 

estimate of 15, as calculated by Johnson et al. [ 1 ]. The cost of storing gas f rom wells 
with high levels of radon covers about 10% of annual production and ranges 
f rom U S $ ( 6 . 5 - 8 . 0 ) X 109 for high-pressure gas. This would reduce about two-
thirds of the avoidable detriment. A value of $7 X 108 is a mid-range value. 

( $ 6 . 5 - 8 . 0 ) X 109 ($7 X 109) 

° = 2 / 3 ( 1 . 5 - 1 5 0 ) = Ш m i d - r a n g e ( 1 3 ) 

a = 6.5 X 1 0 7 - 8 X 109 $/health effect 

= 7 X 1 0 ® (mid-range) $/health effect 

At these levels of alpha one would hardly recommend action. However, 
this analysis does not address individual risks higher than average such as at 
' farm taps' where ICRP dose limits may be exceeded. Data are not available 
on control costs to make an analysis at this time. 

5.2. Radon removal from LPG in the USA [2] 

Using the same method as in the above study, the authors state that : 

"Liquefied petroleum gas (LPG) contains varying amounts of 
radon-222 which becomes dispersed within homes when LPG is used 
in unvented appliances. Radon-222 decays to alpha-emitting daughter 
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products which are associated with increased lung cancer when 
inhaled and deposited in the respiratory system. The average dose 
equivalents to the bronchial epithelium from the use of LPG in 
unvented kitchen ranges and space heaters are estimated to be 
about 0.9 and 4.0 mrem/year, respectively. When extrapolated to the 
United States population at risk, the estimated tracheo-bronchial dose 
equivalents are about 20 000 and 10 000 person-rems per year for 
these appliances, or a total of about 30 000 person-rems per year. 
These doses are very small compared to other natural and man-made 
sources of ionizing radiation. It is estimated that these low doses 
would result in less than one lung cancer a year for the total USA 
population. Consequently, the use of LPG containing radon-222 does 
not contribute significantly to the incidence of lung cancer in the 
United States. Furthermore, the cost for control of radon levels in 
LPG would be over $50 million for reduction of one health effect, 
therefore it is concluded that a requirement for such controls would 
not be cost-effective on a national basis. This study did indicate that 
individual dose equivalents could possibly exceed 500 mrem/year. 
However, existing data are not sufficient to determine the significance 
of such potentially high individual doses. ORP will be evaluating this 
matter further." 

In this case, both AV and ДР are zero as in the previous case. The range of 
alpha at the balance level may be derived from the range of health effects and 
control costs given in the reference. 

The health effect estimates range from 0.1 to 10 per year with a best estimate 
of 1 per year. An increased storage of two weeks for LPG from the States of 
Texas and California (which account for 51% of production) is the control 
method selected. Costs are in the range of $38 to $48 million. LPG from Texas 
and California has the highest radon levels and such control would be highly 
effective in total population dose reduction 

$ ( 3 8 - 4 8 ) X I 0 6 ($43 X 106) 
mid-range (14) 

0 . 1 - 1 0 (1) 

ot= 3.8 X 10s — 4.8 X 107 $/health effect 

= 4.3 X 106 $/health effect (mid-range). 

Once again these values seem very high in contrast to levels where action 
might be warranted. Individual dose conditions have not been investigated. 
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5.3. Decisions involving moving from a high- to low-background radiation 
location (hypothetical cases) 

In the State of Colorado, a mid-continent State with mountainous terrain, 
the natural background annual average is 2.25 mSv [3]. Of this, 1 . 20mSvi s 
f rom cosmic radiation to the whole body and 1.05 mSv f rom terrestrial sources. 
The State of Florida, a low-lying coastal peninsula, has an average annual 
background level of 0.95 mSv, of which 0.35 mSv is f rom the cosmic component 
and 0.60 mSv f rom the terrestrial [3]. This represents a change in background 
exposure of 1.30 mSv annually if one changes one's place of residence f rom 
Colorado to Florida. 

A change of 1.30 mSv per year represents a change in individual risk of 
8 X 10"5 fat./a for the relative risk model and 1.2 X 10" s fat . /a for the absolute 
risk model. Assuming that the change of location takes place at age 20, such 
change would involve 50 years of subsequent life. Thus it would represent a 
change in risk commitment of 4 X 10~3 fa t . /50 a to 6 X 10"4 fa t . /50 a for the 
two risk models, respectively. 

If a family of six were involved, 1.30 mSv/a is essentially 0,008 man-Sv per 
year and about 0.40 man-Sv for 50 years. This is a risk of 4 X 10~3 fat . /50 a for 
somatic risk and another 4 X 10"3 fa t . /50 a for genetic risk, a total of 
8 X 10"3 fa t . /50 a. (For one individual, this is 1.3 X 10"3 fa t . /50 a and lies 
within the above range for relative and absolute risk models). 

Using this change in detr iment to an individual or a family, a variety of 
scenarios for moving can be considered. Several are examined as follows: 

Scenario 1. Free choice to relocate at either site 

An individual is asked by his employer to move at no cost to the 
individual to either Colorado or Florida f rom his present location (in a 
neutral area). Assuming there is no preference for temperate mountains 
over tropical coastal areas, the only difference is the detriment, i.e. AV, 
ДР, and ДХ are all zero. However, one could ask if the risk in driving 
f rom one's location to Florida instead of Colorado were large enough t o 
offset this detriment. In 1973 the motor vehicle death rate in the USA 
was 4.27 X 10"8 fatalities/mile [4]. Thus one would have to take a trip 
of 14 000 miles or 94 000 miles as the equivalent to the 50-year absolute 
or relative risk, respectively, due to change in background radiation. 

The value of alpha is not involved nor does the length of driving 
seem to enter into the decision. The intangible preference for one location 
or the other versus the change in detriment would govern the decision, 
an individual personal choice. 
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105r 

V A L U E OF A L P H A IN D O L L A R S / F A T A L I T Y 

FIG.l. Willingness to pay to move as a function of alpha to avoid high background radiation. 
(AV, AP = 0.) 

Scenario 2. Assuming no change in the worth of moving or losses of 
income, how much would an individual pay to move? 

Assuming that ДУ and ДР were both zero, how much would an 
individual pay in moving costs (both transportation and relocation expenses), 
i.e. what is the value of ДХ? In this case: 

ДХ = - a A S o (15) 

so that it is a function of alpha. 
Figure 1 is a plot of the value of ДХ as a function of alpha for 

avoiding detriment for both the relative and absolute risk models. At 
best an individual might be willing to spend up to $400 to move for an 
alpha of $100 000 per fatality avoided, but only $4 if he is only willing 
to assume an alpha of $1000. Thus if government or an institution were 
paying for the move, they might pay between $400 to $4000 for the move 
( a = S105 — $106 /fat .) , whereas an individual using his own money would 
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only be in the $4 to $40 range. From this one can see why an individual 
might be unwilling to move, all other things being equal, to avoid the 
background detriment if he has to pay his own costs. 

For an individual living in Colorado to move to Florida to avoid 
background radiation as the motive for moving, the value of ДХ would 
have to exceed changes in other values in making such a move. Thus 

ДХ > (ДР-ДУ) = amount to move ( 16) 

The upset in moving might be an intangible production cost change; 
a change in the status quo or valuing one location over the other as a place 
to live would represent an intangible change in worth which could go in 
either direction. The low value of ДХ would indicate that it would probably 
not be a dominant factor in a decision to move. This seems to track present 
behaviour of Colorado residents in addressing such decisions. 

Scenario 3. Moving an existing townsite with 10 000 people 

In this case a government is considering relocation of a town of 
10 000 people. On a collective dose basis of about 3 X 10s m a n r e m s 
avoided over 35 years (assuming mean age of 35), this would involve about 
70 early fatalities in the population. For a value of alpha of $1 000 000/fat . 
this would represent а ДХ of $70 million ($7 million for alpha = $100 000/fat.). 

Other factors notwithstanding, the cost of the move should not exceed 
this value, which represents $7 000 per individual ($700 at the lower value). 
Considering building costs for existing or new housing at the new location 
(costs at the existing site are treated as sunk costs) and the actual cost of 
the move, it would seem that any move could not be made under these 
values. Thus, unless other factors (ДV, ДР) were involved, the limitation 
of ДХ < oc AS would be limiting. 

Scenario 4. Choosing a new townsite for 10 000 people 

In this case a new town is to be established. To what extent would the 
radiation background enter into the selection? Assume two alternate sites, 
one of high background (2.25 mSv) and the second of low background 
(0.95 mSv). In this case there is no extra cost for radiation protection, 
i.e. ДХ = 0. Thus the worth and costs of location at the alternate sites must 
be worth more than the value of the detriment to make the choice of the 
site with high background justifiable. The form of the justification equation is: 

(Vi - V2) - (Pi - P2) > a ASj (17) 
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Assuming that all people move in at the same time at an average age 
of 35, the deciding value is $70 million, as in the preceding scenario. Here 
the decision is not moving costs but the value and costs of selecting one site 
over another. It is quite possible that $70 million would be a significant part 
of the value difference and radiation background could be a significant factor. 

5.4. Remedial action for houses built on phosphate tailing reclaimed land in 
Florida2 

Approximately 4 000 structures in Central Florida have been built or will 
be built on phosphate lands, i.e. unmined lands containing phosphate deposits, 
reclaimed mined tailings, and any other areas containing significant quantities 
of residues from phosphate mining activities. About 600 structures have radon 
concentrations3 in excess of 0.03 working level (WL) and range up to 0.12 WL. About 
1 000 structures exceed a level of 0.005 WL above background, the operational 
measurement limit. Gamma doses range f rom a high of 27 /urem/h (190 mrem/a) 
to less than 5 jurem/h above background.4 

Remedial action, which is 75% effective, ranges f rom a cost of $300 to 
$5500 per structure. Occupancy is assumed to be at a level of 75% such that 
exposure to 1 .WL = 20 cumulative WL months. At an assumed average age of 
35 years at which time corrective action is taken, the remaining 35 years of a 
70-year average lifespan is the interval for which remedial action is effective. 
On this basis, exposure to 1 WL for 35 years is equal to 700 cumulative working 
level months (CWLM). 

Assuming an occupancy of 3.5 people per dwelling, that remedial action 
reduces exposure by 0.02 WL at each dwelling on the average, about 50 CWLM/ 
dwelling is avoided over a 35-year interval: 

3.5 Ind./Dwell. X 0.02 WL X 20 CWLM/a X 35 years = 50 CWLM 

Assuming 200 health effects per million CWLM, this represents about 
0.01 health effects per dwelling f rom radon. In the same way, assuming a 
reduction of 25 mrem/h to 5 mrem/h for gamma exposure in the same dwellings, 
this represents a reduction of 140 mrem/a to an individual and a total of 

3.5 Ind./Dwell. X 1 .40mSv/a X 35 years= 0.17 m a n s V 

2 The values are used only for t he scenario here and to represent any promulgated values. 
3 Including an average background of 0 .004 WL. 
4 Average gamma background is 6 mrem/h . 
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TABLE I. COMPARISON OF ICRP AND EPA ESTIMATES 

Cost ICRP values for 
35 years 

EPA est imates for 
70 years 

Middle 

High 

Low $ 40 000 /HE 

$ 80 000/HE 
$420 000 /HE 

S 6 000 /HE 

$12 000/HE 
$68 000/HE 

It would seem that if the government or an inst i tut ion were paying for the remedial act ion, 
such action would be warranted in all but the ICRP high-cost case, and perhaps even in tha t 
case. On the o ther hand, if only the individual homeowner is paying for the remedial act ion, 
the low-cost cases (and EPA middle cost) might be in the range of consideration. 

This is equivalent to 3.5 X 1СГ3 health effects (both somatic and genetic) 
over the period in question. The total health effects avoided is 13 X 1СГ3 health 
effects per dwelling from both sources. 

At $500 remedial cost per dwelling, this represents about $40 000/health 
effects avoided. At $1000, $80 000/health effect , and $420 000/health effect 
at $5500 per dwelling. The U.S. Environmental Protection Agency in making its 
estimates used a lifetime exposure of 70 years instead of 35 years and a relative 
risk model for radon exposure. As a result, its estimates of alpha are considerably 
lower, as can be seen from Table I. 

The determinat ion of de t r iment , AS, f r o m radiation exposure for natural radiat ion 
occurs f r o m b o t h inhalation of radon and its daughter products and exposure to o ther 
naturally-occurring radionuclides and radiat ion f rom a variety of pathways. Unfor tuna te ly , 
dose-effect data for radon and its daughter products are measured in terms of working level 
months while o ther dose-effect data are in man- rem (man-sieverts) . For impàct analysis here 
in the absence of published ICRP values, a collective dose for radon and its daughters of 106 

working level m o n t h s (WLM) is postulated to cause 200 fatal lung cancers. This number may 
be compared t o the published ICRP values of impact f rom collective dose f rom other radiat ion 
sources of 100 somat ic ef fects and 100 genetic effects f r o m a collective dose of 106 man rem 
(10 4 man-sieverts). 

Appendix 

DETERMINATION OF DETRIMENT 
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On this basis, the det r iment f r o m exposure to one WLM is equivalent to the detr iment 
f rom exposure to 0.01 man-Sv or one man-rem. The purpose of this assumption is simplification 
of analysis, not t o establish the validity of such arguments. If at a later t ime bet ter estimates are 
available, propor t ional constants can be used to adjust the value used in the detr iment est imation. 

In this report individual exposure to risk f r o m radiat ion is based upon a "Cohor t Analysis 
of Increased Risks of Dea th" (CAIRD) [5], where the increased risk of death f rom exposure to 
radiation of 100 000 people whose l ifet ime risk is profiled has been calculated using bo th 
relative and absolute risk models f rom the 1972 BEIR Report . In this model an exposure over 
an average l ifetime of 70.75 years of a cohort or 100 000 for a constant exposure of 0.01 Sv 
(1.0 rem) is 

4 400 early fatalities on a relative risk l ifetime plot 
670 early fatalities on an absolute risk l ifetime plot . 

This represents about 6 X 10~4 fatalities/year to an individual for a relative risk model 
and about 9 X 10~s fatali t ies/year to an individual for an absolute risk model for a 10 man-Sv 
exposure per year. 
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DISCUSSION 

H.J. DUNSTER: You indicated that the individual's perception of a risk 
would take into account any proportional change in relation to other existing 
risks. In contrast, institutions should take into account only the absolute value of 
risks. Do you not think that institutions should consider the individual's 
perception of risk rather than the absolute values? Why should society expect 
me to pay more for an increment of protection than I would pay myself? 

W.D. ROWE: The difficulty anses as a result of resource availability. 
A regulatory authority can redistribute resources for risk reduction by forcing 
the risk producer to pay. This ability to balance the distribution of risks and 
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benefits allows the authority to find the most cost-effective means of reducing 
a collective risk. Conversely, an individual has limited resources and must make 
judgements within his own limited capability of protecting himself. 

Essentially, society looks at sources of risk from the control point of view, 
while individuals regard themselves as risk recipients. There is also an element 
of voluntary risk aversion in the individual decision. Society must pay the 
'welfare cost' of taking on the voluntary decision of the individual. 

B. LINDELL (Chairman): Mr. Dunster's question is fundamental. It is 
a common mistake to confuse individual-related and source-related assessments. 
If I were a civil servant in, say, the United States Lottery Inspectorate and 
somebody requested a licence for a lottery in which, each year, one American 
was selected entirely at random and then killed, I would find that the two 
assessment methods gave different answers. The individual-related assessment 
would indicate that the risk to each individual would be entirely insignificant 
(being about 5 X 10 - 9 per year). The source-related assessment would say that 
nevertheless it is not acceptable (justified) to permit a practice that would kill 
one individual every year for no good reason. The justification of the source 
only follows if each individual exposure is not only insignificant but also justified. 

M.J. CLARK: Your paper includes some estimates of cost per health 
effect averted which you regard as high. Have you therefore any comments on the 
United States Nuclear Regulatory Commission's interim value for a ($1000 per 
man-rem), which could imply $10 million per health effect averted? 

W.D. ROWE: I can only say that when I personally started to consider a 
value for a , I began with an extreme range of $10 to $10 million per health effect 
and then narrowed it down from there. Thus the use of the upper limit of my 
range would seem to be over-conservative. In fact, I do not think the Nuclear 
Regulatory Commission actually uses this number directly. 

J.J. COHEN: In your perceived detriment index (PDI), you present a 
formula for rational decision-making. However, most people are not rational in 
their risk assessment decisions, particularly those involving radiation. This 
irrationality may even be reflected in government policies. I would like to ask 
if you are presenting the PDI as the way people think about risk or the way 
they ought to think. 

W.D. ROWE: What do you mean by irrational? Irrational according to 
yourself or to others? The particular situation in question is where an individual 
voluntarily considers his own risk-reduction capability. This is therefore an 
individual decision (not a source-related one). In this instance 'rationality' is 
what people do. They seem to act in the way prescribed by the PDI. However, 
one must remember that the PDI expresses an idea. It should not be interpreted 
mathematically. 
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Abstract-Аннотация 

APPLICATION OF THE ICRP (1977) RECOMMENDATIONS IN THE PREPARATION OF 
SOVIET RADIATION SAFETY STANDARDS. 

In 1976 new radiat ion safety s tandards (NRB-76) were drawn up in the Soviet Union. 
Thanks t o the close links between the National Radiat ion Safety Commission and the Inter-
nat ional Commission on Radiological Protect ion (ICRP) it was possible, when preparing 
NRB-76, par t ly to incorporate the recommenda t ions contained in ICRP Publication 26. The 
paper contains a brief description of the basic provisions of the Soviet radiat ion safety standards 
of 1976 and indicates the ex ten t to which the r ecommenda t ions of ICRP Publication 26 were 
used in them. 

ПРИМЕНЕНИЕ РЕКОМЕНДАЦИЙ МКРЗ 1977 г. ПРИ ПОДГОТОВКЕ ОТЕЧЕСТВЕННЫХ НОРМ 
РАДИАЦИОННОЙ БЕЗОПАСНОСТИ. 

В 1976 г. в Советском Союзе созданы новые нормы радиационной безопасности - НРБ-76. 
Благодаря тесным связям Национальной комиссии по радиационной защите (НКРЗ) с Междуна-
родной комиссией по радиационной защите (МКРЗ) удалось частично учесть рекомендации, содержа-
щиеся в Публикации № 26 МКРЗ, при подготовке НРБ-76. В докладе кратко описаны основ-
ные положения отечественных норм радиационной безопасности 1976 года и указано, в какой сте-
пени в них использованы рекомендации Публикации № 26 МКРЗ. 

7 июня 1976 года Главный государственный санитарный врач СССР утвердил 
"Нормы радиационной безопасности СССР", НРБ-76, являющиеся основным законо-
дательным документом, регламентирующим в нашей стране безопасные условия ис-
пользования радиоактивных веществ и других источников ионизирующих излуче-
ний в народном хозяйстве. Вскоре этот документ был издан в СССР большим тира-
жом [1]. 
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Новые "Нормы радиационной безопасности СССР" подготавливаясь рабочей 
группой Национальной комиссии по радиационной защите (НКРЗ) в течение пяти лет. 
НКРЗ на различных этапах подготовки этого документа заслушивала председателя 
рабочей группы на своих заседаниях и давала свои рекомендации по его дальнейшему 
усовершенствованию. Проекты НРБ-76 рассылались во все заинтересованные учреждения 
страны и отдельным ведущим специалистам в области радиационной защиты с целью 
получить их мнение по предлагаемому нормативному документу. Все замечания и 
предложения, как учреждений, так и отдельных специалистов, тщательно изучались, 
анализировались рабочей группой и наиболее ценные из них использовались при даль-
нейшей работе над проектом НРБ-76. О тщательности составления новых НРБ свиде-
тельствует, в частности, тот факт, что этому вопросу НКРЗ посвятила 27 заседаний. 

Следует отметить, что текст новых НРБ в значительной степени учитывает дух и 
существо последних рекомендаций Международной комиссии по радиационной защи-
те (МКРЗ), опубликованных в 1977 году в виде Публикации № 26 МКРЗ [2], то есть 
практически через год после утверждения НРБ-76. Это объясняется тесным и плодо-
творным научным сотрудничеством НКРЗ и МКРЗ. Ведущие ученые СССР, ра-
ботающие в различных областях радиационной безопасности (проф. Летавет A.A., 
проф. Москалев Ю.И., проф. Шамов В.П., проф. Рамзаев П.В., проф. Ковалев Е.Е.,канди-
дат технических наук Моисеев A.A., доктор биологических наук Алексахин P.M.), при-
нимали участие в составлении целого ряда публикаций МКРЗ на разных этапах их под-
готовки, в том числе и наиболее фундаментальной — Публикации № 26 "Радиацион-
ная защита. Рекомендации МКРЗ". Это позволило советским ученым, принимавшим 
участие в подготовке НРБ-76, оперативно учесть новейшие тенденции в мировой прак-
тике нормирования ионизирующих излучений при составлении отечественных НРБ, 
принять на вооружение наиболее интересные положения разрабатываемых рекомен-
даций МКРЗ, позволяющие осуществить дальнейшее совершенствование системы ра-
диационной безопасности в нашей стране. 

Советские специалисты всегда с интересом относились к деятельности МКРЗ и 
ее публикациям. Учитывая этот интерес, НКРЗ организовала издание на русском язы-
ке практически всех наиболее значимых новых публикаций МКРЗ. Так, например, в 
последние годы были изданы на русском языке Публикации № № 14, 17, 22, 23, 25, 26 
МКРЗ большим тиражом (от 1 ООО до 10 ООО экземпляров). Публикации № № 24, 28 и 29 
МКРЗ будут изданы на русском языке в 1979-1980 гг. Естественно, что наиболее цен-
ные положения, содержащиеся в этих публикациях, были учтены при подготовке НРБ-76. 

Поскольку НРБ-76 являются официальным документом Минздрава СССР и по 
положению имеют силу закона, они менее пространны и более конкретны, чем реко-
мендации МКРЗ (Публикация № 26). 

МКРЗ формулирует свои основные положения и принципы организации радиа-
ционной защиты следующим образом: 

— никакой вид деятельности не должен вводиться в практику, если его приме-
нение не принесет реальную "чистую" пользу; 

— все дозы облучения должны поддерживаться на таких низких уровнях, какие 
только можно реально достигнуть с учетом экономических и социальных факторов; 
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— эквивалентная доза облучения отдельных индивидуумов не должна превышать 
предела, рекомендуемого Комиссией для соответствующих условий (§12 Публи-
кации № 26 МКРЗ). 

Национальная комиссия во введении к НРБ-76 эти основные принципы изла-
гает в следующей редакции, более краткой по форме, но практически вкладывая в 
них тот же смысл, что и МКРЗ: 

— исключение всякого необоснованного облучения; 
— снижение доз облучения до возможно низкого уровня; 
— непревышение установленного основного дозового предела. 
Так же как и МКРЗ в Публикации № 26, НКРЗ в НРБ-76 выделяет три кате-

гории облучаемых лиц: 
— категория А — персонал; 
— категория Б — ограниченная часть населения (в рекомендациях МКРЗ — от-

дельные лица из населения!) . К ней, по определению, относятся лица, которые не рабо-
тают непосредственно с источниками излучения, но по условиям проживания или раз-
мещения рабочих мест могут подвергаться воздействию радиоактивных веществ и 
других источников ионизирующих излучений, применяемых в учреждениях и (или) 
удаляемых во внешнюю среду; 

— категория В — население. К этой категории в СССР может быть отнесено в за-
висимости от обстоятельств население не только всей страны, но и население отдель-
ной области, края или республики. 

В отличие от МКРЗ Национальная комиссия решила на данном этапе сохранить 
понятие критического органа и не использовать для нормирования нестохастических 
эффектов облучения положение МКРЗ о том, что риск должен быть равным вне зави-
симости от того, облучается все тело равномерно или неравномерно, то есть не исполь-
зовать понятие эффективной эквивалентной дозы и применять систему взвешивающих 
факторов для расчета этой дозы. Это наиболее существенное различие между двумя 
рассматриваемыми документами (Публикацией № 26 и НРБ-76) . 

В НРБ-76 основные дозовые пределы установлены для трех групп критических 
органов. В первую группу входят все тело, гонады и красный костный мозг; во вто-
рую — мышцы, щитовидная железа, жировая ткань, печень, почки, селезенка, желудоч-
но-кишечный тракт, хрусталик глаза и другие органы, которые не вошли в I и III груп-
пы; в третью — кожный покров, костная ткань, кисти, предплечья, лодыжки и стопы. 

Ранее в НРБ-69 кисти рук, предплечья, лодыжки и стопы были выделены в чет-
вертую группу критических органов, для которой предельно допустимая доза для про-
фессионалов устанавливалась равной 40 бэр за квартал и 75 бэр в год. На осно-
вании анализа имеющихся экспериментальных и эпидемиологических наблюдений 
за лицами, подвергавшимися облучению в терапевтических целях или при аварийных 
ситуациях, советские ученые пришли к выводу о нецелесообразности устанавливать 
для этих участков тела человека столь высокие нормативы. Поэтому НКРЗ приняла 
решение в НРБ-76 перевести их из четвертой в третью группу критических органов и 
установить для них годовую дозу 30 бэр. Это решение хорошо согласуется и с реко-
мендациями МКРЗ, которая считает, что нестохастические эффекты будут полностью 
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ТАБЛИЦА I. ДОЗОВЫЕ ПРЕДЕЛЫ ОБЛУЧЕНИЯ 

Дозовые пределы внешнего 
и внутреннего облучения 

(бэр/г) 

Группа критических органов 

III 

Предельно допустимая доза (ПДЦ) 
для категории А 

Предел дозы (ПД) для категории Б 

5 

0,5 

15 30 

1,5 3 

исключены, если доза облучения не превысит предела эквивалентной дозы 50 бэр в 
год во всех органах и тканях (за исключением хрусталика глаза) ( § 103 Публика-
ции № 26 МКРЗ) . Дозовые пределы облучения для категорий облучаемых лиц А (про-
фессионалы) и Б (ограниченная часть населения) приведены в табл. I. 

Как видно из представленной таблицы, НКРЗ сохранила в НРБ-76 основные до-
зовые пределы облучения органов, входящих в первую группу критических органов 
(5 бэр в год для профессионалов и 0,5 бэр в год для ограниченной части населения) . 

НКРЗ специально рассмотрела вопрос о допустимых дозах облучения щитовид-
ной железы. Как известно, МКРЗ в своей Публикации № 26( § 56) указывает, что чув-
ствительность щитовидной железы к ионизирующему излучению (по частоте возник-
новения рака) выше радиочувствительности красного костного мозга (по частоте воз-
никновения лейкемии) . Тем не менее, учитывая, что смертность от рака щитовидной 
железы значительно меньше, чем от лейкемии (главным образом благодаря достигну-
тым успехам в лечении рака щитовидной железы и из-за медленного развития этого 
вида опухоли) , МКРЗ констатирует, что общий коэффициент риска смерти от рака 
щитовидной железы составляет лишь 1/4 риска смертности от лейкемии при облучении 
костного мозга такой же дозой. 

Национальная комиссия считает, что даже если в результате оперативного хирур-
гического вмешательства заболеваемость раком щитовидной железы и не приведет к 
летальному исходу, сам факт заболевания и проведения хирургического вмешатель-
ства является серьезным аргументом, который необходимо принимать во внимание 
при нормировании облучения щитовидной железы. Несомненно, эти факторы 
можно отнести к серьезному ущербу для здоровья. Поэтому НКРЗ сочла целесооб-
разным снизить допустимую дозу для щитовидной железы до 15 бэр и перевела этот 
орган из третьей во вторую группу критических органов. 

В своих более ранних рекомендациях МКРЗ рекомендовала для профессиональ-
ного облучения регулировать и темп накопления дозы в течение года. Например, од-
нократная профессиональная доза должна быть ограничена половиной установленного 
прежде предела годовой дозы. НКРЗ- в своих НРБ-69 также регламентировала темп 
накопления дозы и, кроме годового предела дозы (5 бэр), ввела допустимую дозу 
за квартал (3 бэр для первой группы критических органов) . 
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В настоящее время НКРЗ, так же как и МКРЗ, считает, что в свете имеющихся 
научных данных нет никаких оснований устанавливать какие-либо ограничения темпа 
накопления годовой дозы (за исключением женщин репродуктивного возраста) . По-
этому в новых нормах радиационной безопасности НРБ-76 эти ограничения сняты. 

Однако, в подходах МКРЗ и НКРЗ к вопросам обеспечения безопасных условий 
для плода есть некоторая разница. Хорошо известно, что плод и ребенок более вос-
приимчивы к воздействию ионизирующих излучений, чем взрослые люди. Поэтому 
МКРЗ в Публикации № 26 ( § 115) отмечает, что "в тех условиях, когда женщины де-
тородного возраста в профессиональных условиях подвергаются облучению дозой, 
не превышающей соответствующих пределов, и при сравнительно постоянной мощ-
ности дозы, эмбрион вряд ли может получить дозу более 5 мЗв (то есть 0,5 бэр) в те-
чение первых двух месяцев беременности матери. Там, где есть вероятность такого 
облучения, выполнение указанных рекомендаций обеспечит необходимую защиту фор-
мирующегося организма в важный период органогенеза". НКРЗ в § 4.2 НРБ-76 дает 
более конкретную формулировку: "Для женщин репродуктивного возраста (до 40 лет) 
вводится дополнительное ограничение облучения: доза на область таза не должна пре-
вышать 1 бэр за любые два месяца". 

НКРЗ в НРБ-76, так же как и МКРЗ в Публикации № 26, не устанавливает преде-
лов генетически значимой дозы (ГЗД) для населения. НКРЗ полностью разделяет 
мнение МКРЗ, что сохранение в нормативных документах предела ГЗД для всего на-
селения (а ранее была установлена величина 5 бэр за 30 лет или 170 мбэр в год!) явно 
необосновано. Прежний норматив (170 мбэр в год) слишком велик по сравнению с 
реальным уровнем облучения населения, существующим в настоящее время и предви-
димым в обозримом будущем даже при самых интенсивных темпах развития ядерной 
энергетики. Сохранение старых нормативов в НРБ-76 противоречило бы стремлениям 
МКРЗ и НКРЗ к оптимальному снижению и поддержанию уровней облучения на мини-
мальных значениях, достижимых с экономической и социальной точек зрения. В поль-
зу отказа от нормирования ГЗД свидетельствуют и фундаментальные открытия в об-
ласти радиационной генетики (к их числу авторы данного доклада в первую очередь 
относят пострадиационное восстановление) . Анализ этих данных [3] дал основание 
советским радиобиологам существенно пересмотреть данные о степени генетической 
опасности при малых дозах и малых мощностях, которые наблюдаются на практике. 
НКРЗ поддерживает МКРЗ в части необходимости оценивать влияние малых доз об-
лучения больших групп людей в единицах коллективной дозы (в человеко-бэрах). 
Поэтому в НРБ-76 даются лишь общие указания ( § 6.1) о том, что регламентация и 
контроль за облучением лиц категории В относится к компетенции Минздрава СССР 
и что во всех случаях необходимо принимать меры по ограничению облучения населе-
ния путем снижения дозы облучения отдельных лиц и ограничения числа лиц, подвер-
гающихся облучению (§6.2). 

Национальная комиссия проанализировала большое число отечественных и за-
рубежных работ, посвященных изучению относительной биологической эффективности 
(ОБЭ) альфа-излучения. Имеющиеся экспериментальные [4] и теоретические иссле-
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дования [5] советских ученых убедительно свидетельствуют о том, что величина этого 
показателя при малых дозах может достигать 20 и более. Это дало основание НКРЗ 
повысить численное значение коэффициента качества (КК) для альфа-излучателей с 
10 до 20. Этот шаг хорошо согласуется и с выводами МКРЗ, которая в своих реко-
мендациях (§ 20 Публикации № 26) также увеличила КК для альфа-излучателей до 20. 

В последние годы появились публикации, позволяющие предполагать наличие 
радиобиологического механизма, обуславливающего рост ОБЭ нейтронов при сниже-
нии мощности дозы нейтронов. Наиболее интересные данные по этому вопросу опу-
бликованы недавно в обзоре [6]. Национальная комиссия тщательно проанализиро-
вала все эти данные и считает, что они нуждаются в дополнительной эксперименталь-
ной проверке. При подготовке НРБ-76 Национальная комиссия использовала ранее 
принятые в научной литературе "традиционные" значения ОБЭ и зависимости коэф-
фициента качества от ЛПЭ. Для нейтронов с энергией менее 20 кэВ КК принят равным 
3,адля энергий 0,1-10 МэВ КК равен 10. Важным практическим шагом НКРЗ, пол-
ностью отвечающим духу Публикации № 26 МКРЗ, является введение контрольных 
уровней наряду с основными дозовыми пределами допустимых (производных от ос- • 
новных дозовых пределов) уровней. Система контрольных уровней введена в нор-
мы радиационной безопасности впервые, хотя в практике организации и проведения 
радиационного контроля на предприятиях нашей страны она используется сравнительно 
давно. НКРЗ решила узаконить эту практику в НРБ-76, дала четкие определения этим 
терминам и разъяснила, как на практике использовать эти контрольные уровни. 

В своей последней Публикации № 26 МКРЗ большое внимание уделяет вопросам 
ограничения облучения населения за счет различных факторов так называемого "тех-
нологически повышенного естественного радиационного фона" ( § 234) . Она рассма-
тривает виды практической деятельности человека, которые могут повысить уровень 
облучения за счет естественного радиационного фона (применение определенных ма-
териалов при строительстве зданий и дорог, полеты на большой высоте и т.д.) . Наци-
ональная комиссия сделала первый практический шаг в этом направлении и в НРБ-76 
установила нормативы для содержания естественных радионуклидов в строительных 
материалах, используемых во всех вновь стролщихся жилых и общественных зданиях: 
концентрация этих нуклидов в стройматериалах не должна превышать для 
226Ra — M0' s Ки/кг, для 232Th — 7 • 10~9 Ки/кг и для ̂ К — 1,310"7 Ки/кг. Для 
смеси указанных радионуклидов с концентрацией С (Ки/кг) должно выполняться 
следующее условие: 

CR, / 1 - 1 0 " 8 + C i h / 7 - Ю - 9 + Ск/1 ,3 1 0 - 7 < 1 

МКРЗ в своих последних публикациях практически полностью перешла на новые 
единицы активности и дозы (беккерель, грэй, зиверт), полностью отказавшись от 
применения старых внесистемных единиц (кюри, рад, бэр) . Национальная комиссия 
по радиационной защите более консервативна в этом вопросе. Все численные 
значения различных нормативов в НРБ-76 приведены в старых единицах. Советские 
ученые и практические работники, работающие в области радиационной защиты и до-
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зиметрии ионизирующих излучений, с большой осторожностью относятся к рекомен-
дациям МКРЗ по введению новых единиц в системе СИ (беккерель, зиверт, грэй). 
Введение этих единиц в практику радиационного контроля повлечет за собой нанесе-
ние новых шкал на все дозиметрические приборы радиационного контроля, переиз-
дание большим тиражом нормативной и учебной литературы. Все это потребует ко-
лоссальных материальных затрат, усилий многих специалистов, дезорганизует спе-
циалистов, осуществляющих радиационный контроль на предприятиях и в учрежде-
ниях, где проводятся работы с радиоактивными веществами и другими источниками 
ионизирующих излучений. По мнению Национальной комиссии, введение новых еди-
ниц в СССР должно проводиться постепенно, до 2000 года старые и новые единицы дол-
жны использоваться параллельно. В НРБ-76 Национальная комиссия ограничилась 
лишыем, что в разделе "Основные понятия, определения и терминология" привела 
новые единицы (беккерель, грэй и зиверт) и показала, какая связь существует между 
старыми и новыми единицами активности и дозы. О серьезности проблемы перехода 
на новые единицы свидетельствует и тот факт, что большая группа специалистов, не-
однократно читавших верстку НРБ-76 перед их окончательным выходом в свет, "про-
смотрела" две опечатки в численных значениях коэффициентов перехода от "старой" 
единицы измерения к новой: для ЛПЭ от кэВ/мкм к Дж/м и для экспозиционной дозы 
от Р к Кл/кг. 

С учетом основных дозовых пределов МКРЗ в Публикациях № 2 и № 6 рассчитаны 
численные значения ряда вторичных или производных показателей для условий профес-
сионального облучения. К сожалению, до настоящего времени Комитет 2 МКРЗ еще 
не подготовил свои новые рекомендации по пределам годового поступления радио-
нуклидов для профессионалов. Поэтому НКРЗ для расчета численных значений раз-
личных производных уровней (в НРБ-76 они называются допустимые уровни) исполь-
зовала материалы, приведенные в Публикациях № 2 и № 6 МКРЗ, внося в них в ряде слу-
чаев коррективы с учетом экспериментальных данных отечественных ученых. В 
НРБ-76 приведены данные по таким показателям, как допустимое содержание ра-
дионуклидов в критическом органе, допустимое годовое поступление радио-
нуклидов через органы дыхания, допустимая их концентрация в воздухе рабочих 
помещений для профессионалов. Для лиц категории Б (ограниченная часть населения) 
приведены: предел годового поступления через органы дыхания и пищеварения и до-
пустимая концентрация радионуклидов в атмосферном воздухе и в воде. Кроме того, 
дано большое число других производных показателей, крайне необходимых при про-
ведении радиационного контроля, а также дозовые характеристики различных видов 
излучения, прозволяющих связать результаты измерения плотности потока излуче-
ния с дозой. 

В НРБ-76 впервые даны дозовые характеристики основных видов ионизирующих 
излучений, включая значение коэффициента изотропности, предложенного советски-
ми учеными. 

Изложенное свидетельствует о большом практическом значении рекомендаций 
МКРЗ при подготовке отечественных норм радиационной безопасности. 
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DISCUSSION 

H.P. JAMMET: Are the annual limits for the critical organs based on the 
recommendations in Publication 9 or on the values given in the weighting tables 
of Publication 26? 

Yu.V. SIVINTSEV: In NRB-76, the limiting doses for critical organs of 
groups I, II and III are set at 5, 15 and 30 rem per year respectively. The 
weighting factors for the individual organs recommended by ICRP-26 were not 
used. 

R. KRAMER: Why did the Soviet National Commission decide to retain 
the old critical organ concept? 

Yu.V. SIVINTSEV: Soviet scientists believe that radiation protection 
regulations should be characterized by a certain conservatism. In particular, 
it is desirable to avoid introducing principles and methods which have not been 
extensively tested over a number of years. For this reason, the Soviet regula-
tions do not include the concepts of effective dose equivalent and effective 
dose equivalent index. 

G.W. DOLPHIN: In the last ten years, data have been reported which 
show that the female breast is probably the organ with the greatest radiosensi-
tivity (during reproductive life). Do you have any special limitation of dose to 
this organ? 

Yu.V. SIVINTSEV: No, NRB-76 does not specify special dose limits for 
the mammary gland. However, I should add that for women of reproductive 
age (under 40), an extra limitation has been introduced: the dose to the pelvic 
region must not exceed 1 rem in any two months (§ 4.2). Moreover, it is an 
unwritten rule that women are not engaged to carry out work which is dangerous 
from the radiation point of view. 
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H.T. DAW: Are the annual limits on intake in the USSR based on the old 
model of ICRP-2 or the forthcoming new ALI values (which rely on the concept 
of an effective dose). 

Yu.V. SIVINTSEV: The values used in NRB :76 for the annual intake 
limits for occupationally exposed persons (group A) and for individuals from 
a limited section of the population (group B) and the limiting content for 
groups A and В are calculated from the maximum permissible dose to the critical 
organ for the corresponding categories. We are of course anxiously awaiting 
publication of the ICRP Committee 2 report, which will be studied in detail by 
the Soviet National Commission. 

R.J.A. NEIDER: You mentioned that in your country the new radiation 
protection regulations set a limit for the specific activity of naturally occurring 
radionuclides in building materials. How did you justify this requirement and 
how are the authorities going to monitor its observance? 

Yu.V. SIVINTSEV: It will be necessary to carry out radiation monitoring 
in the factories where the building materials are produced, and in particular this 
will need to cover the raw materials used to make concrete, for example. Such 
monitoring is already carried out during the construction of facilities for low-
level counting measurements, where the naturally occurring radioactive nuclides 
often have an inadmissibly high specific activity. 

B. LINDELL (Chairman): In connection with these limits for radio-
nuclides in building materials,' was the value for 226Ra derived on the basis of the 
external exposure from gamma radiation or of the resultant radon concentration 
in indoor air? 

Yu.V. SIVINTSEV: Our analysis included a study of both radon emana-
tion, especially in buildings with low air replacement rates, and radium gamma 
radiation in the case of adequate ventilation. For the purposes of the regulations, 
we used the lowest values obtained when both factors were taken into account. 

O. ILARI: In your description of how the three basic principles (justifica-
tion, optimization, dose limits) of ICRP-26 were incorporated into the new 
Soviet regulations, you said that all exposures had to be kept as low as possible. 
Does the fact that you use the expression "as low as possible" instead of "as low 
as reasonably achie.vable" imply that the cost-effectiveness methodology pro-
posed by ICRP-26 is not accepted in your country? 

Yu.V. SIVINTSEV: We did not use the cost-benefit philosophy in drawing 
up NRB-76 for the simple reason that we are not yet sure how this concept 
should be applied. What is proposed in ICRP-26 is only a general idea and no 
details about its practical applications are given. 

F.D. SOWBY: Is one to assume then that all doses up to the dose limit 
are considered to be satisfactory? 

Yu.V. SIVINTSEV: No, of course not! However, as I just said, the 
"optimization" proposed in ICRP-26 is really little more than a general concept: 
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The incorporation of this concept in its present form into NRB-76 would have 
entailed a lot of difficulty for radiation protection practitioners. Until such 
time as a large amount of quantitative information has been accumulated about 
the quantities ДХ and ДВ, the use of cost-benefit analysis will be of little 
practical value. 

B.R. HOOKWAY: Can I be quite sure about this? ICRP-26 places 
importance on the process of optimization. Do your national regulations reflect 
this importance? 

Yu.V. SIVINTSEV: Let me repeat: cost-benefit analysis is hardly used 
in the Soviet Union. The main reason is that very little of the initial informa-
tion required for the quantitative optimization of radiation protection by this 
method is available. The technique is used, however, for cases related to the 
impact of nuclear facilities on the environment. 

O. ILARI: In connection with your last remark, I would like to call your 
attention to the fact that one problem where optimization could be both 
important and appropriate is that of the protection of workers within nuclear 
plants. The radiation exposure of workers (especially that resulting from 
maintenance, repair and in-service inspection) is continually increasing and the 
application of the optimization methodology, balancing the cost of protection 
against the detriment, is certainly justified. It can be done by treating the 
workers as a specific population group and applying to this group the usual 
collective dose calculation methods. 

R.E. ALEXANDER: Is any use made in USSR regulations of collective 
dose limits or objectives for the purposes of occupational radiation protection? 

Yu.V. SIVINTSEV: The idea of a collective dose limit has not been used 
in NRB-76. Although it has been successfully applied in scientific studies of 
the potential effect of nuclear facilities on the environment, I do not know of 
any attempts to use it in practice for occupational protection in Soviet nuclear 
facilities. 

W.R. BUSH: Are dose limits ever exceeded? If so, what action is taken? 
Yu.V. SIVINTSEV: As everyone here is well aware, there is no such thing 

as a technology with one hundred per cent reliability. The actual reliability 
is always below this figure and so incidents (and this includes radiation incidents) 
do occur. 

In the Soviet Union, all cases where the irradiation limits are exceeded are 
made the subject of a special investigation by a committee consisting of repre-
sentatives from the three independent control bodies — the radiation protection 
service of the enterprise, the health authorities and the technical inspectorate 
of the trade unions. The committee will, depending on the reason for the excess 
radiation exposure, recommend either technical or organizational measures to 
be taken to prevent its repetition such as changes in the equipment or its method 
of use, changes in work procedures and improvements in the training of person-
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nel for radiation work. Those responsible for the incidents are usually punished 
by a fine. Each case is discussed by a workers' collective. 

J.C. ZERBIB: You said that before ICRP-26 appeared, you had taken a 
quality factor of 20 for alphas and neutrons.- What work did you base this on? 

Yu.V. SIVINTSEV: An extensive programme of radiation biological studies 
was carried out in the USSR (mainly by Prof. Moskalev and his co-workers) to 
investigate the blaštogenic effect of transuranium elements. The results, which 
pre-dated ICRP-26, suggested a value of Q(a) = 20 and this was used in NRB-76. 

J.C. ZERBIB: You have been specially interested in the problem of low 
doses. Could you tell us something about the work carried out on this subject 
in the Soviet Union and about the results obtained? 

Yu.V. SIVINTSEV: Scientists in the USSR have done a lot of work on low 
radiation doses. In addition to publications in Russian which have appeared in 
Soviet journals, fairly detailed reviews of this work are regularly presented at 
•IAEA conferences and symposia and also in UNSCEAR reports. 

V.H. GRAY: Could you tell us how the various factors in the formula 
for underground uranium mining, i.e. radon daughters, thoron daughters and 
gamma are applied? Also, could you say what methods are used for control 
of the total dose? 

Yu.V. SIVINTSEV: Successful solutions have been found to the problem 
of the radiation protection of uranium miners. A combined system of overall 
arid individual protection against the effects of radon decay products is used; 
this involves sealing of worked galleries, covering of the walls with materials 
which are not easily penetrated by radon, the use of respirators and so on. 

S.A. AL-HADDAD: Are the standards for iodine uptake by the thyroid 
in NRB-76 related to the diet of the population? 

Yu.V. SIVINTSEV: No. The standards do not take into account the 
trace element content of the diet but are based essentially on the ICRP 
"reference-man" concept. 
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Abstract 

OPTIMIZATION OF RADIATION PROTECTION. 
The conceptual basis for implementing the opt imizat ion requirement of the system of 

dose l imitat ion is discussed, in particular the quanti t ies representing the radiat ion de t r iment 
and its cost. Simple cases of opt imizat ion of radiat ion pro tec t ion are discussed and exemplif ied 
in the case of con t inuous and discrete p ro tec t ion levels. Opt imizat ions of complex systems are 
treated for the case of independent sub-systems, which can be opt imized separately, and for 
the case of interrelated sub-systems. 

1. INTRODUCTION 

One of the basic components of the system of dose limitation 
recommended Ъу the ICRP (l) is the requirement that all exposures 
should be kept "as low as reasonably achievable", taking into 
account the relevant social and economical consideration. This 
requirement, as recommended by the ICRP, is source-related and 
consists of increasing the level of protection to a point such 
that further improvements achieve exposure reductions which are 
less significant than the additional efforts required. The re-
quirement is usually called optimization of radiation protection. 

The efforts involved in protection are taken to be quantifi-
able in terms of-'cost. Provided that the radiation detriment (re-
presenting all exposures from the source, given the protection 
under consideration) can be expressed as a social cost, optimi-
zation can be expressed ás 

X(w) + Y(w) = minimum 

where X is the cost of protection, and Y is the cost of the 
radiation detriment, both at a level of protection represented 
by w (e.g., shielding thickness, ventilation rate, alternative 
options of protective equipment, etc.). It should be noted that 
w, and X(w) and Y(w)', can in some cases be continuous, while in 
other cases they take only discrete values. 

85 
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Being a source-related requirement, optimization tends to 
be applicable in a more quantitative manner to the design of in-
stallations and equipment than to operations planning. In the 
case of design, the change from one level of protection to an-
other is obtained by well-defined modifications of protection 
systems, for which it is possible to assess the costs involved 
and the resulting changes of radiation exposure. The level of 
protection, in operations, on the other hand, depend on a number 
of parameters, many of which are difficult to quantify. 

It is expected, therefore, that optimization in operation 
planning will contain substantial qualitative value judgement. 
It should be noted that even in design optimization a large part 
of the process is also intuitive. The quantitative techniques 
discussed below are a substantial aid to the process of optimi-
zation, but do not constitute the complete process itself. 

2. THE RADIATION DETRIMENT 

As optimization takes place in a region of individual doses 
smaller than the dose limits, only the induction of stochastic 
effects of radiation will contribute to the radiation detriment. 
The "detriment" in an irradiated population group is defined as 
the expectation of the harm incurred, taking into account not 
only the probabilities of each type of deleterious effect but 
also the severity of the effects (l). If p. is the risk of 
suffering the effect î , the severity of which is measured by 
a factor g., then the detriment G in a group of N persons 
is G = NXS p.g.. i i l 

Several approaches are possible to give values to the seve-
rity factors g.. One possibility for quantifying severity is 
the use of the reduction of life (in relation to normal life ex-
pectancy) or, in the case of occupational exposures, the working 
time lost. For radiation protection purposes it can be assumed 
that the detriment is dominated by the induction of fatal malig-
nancies and of severe genetic effects in the first two genera-
tions, assigning a severity factor of one to all these effects. 

2.1 Quantities related to the radiation detriment 

2.1.1 Effective dose equivalent 

In order to limit the risk of stochastic effects, the ICRP 
has introduced the concept of limitation of the weighted mean 
whole body exposure. This concept is based on the principle that 
at a given level of protection the risk should be equal whether . 
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the whole body is irradiated uniformly or whether there is non-
uniform or partial irradiation. This condition is met by requi-
ring that the limitation applies to the quantity 

H, = S w T H T 

where H^ is the sum of the weighted organ dose equivalents, cal-
led the "effective dose equivalent", w T is a factor representing 
the fraction of risk resulting from tissue T when the whole body 
is irradiated uniformly, and H^ is the dose equivalent in tissue T. 

The values of w^ recommended by the ICRP are: gonads 0.25; 
breast 0.15; red bone marrow 0.12; lung 0.12; thyroid 0.03; bone 
0.03; remainder 0.30. Regarding the remainder, the ICRP recommends 
that a value of w^ = 0.0б is applied to each of the five organs 
receiving the highest dose equivalent, and that the exposure of the 
other remaining organs is neglected. The gastrointestinal tract 
is treated as four separate organs (stomach, small intestine, upper 
large intestine and lower large intestine). The skin, lens of the 
eye, hands, forearms, feet and ankles are not included in the re-
mainder. Regarding the skin, however, the assessment of detriment 
from exposure of population groups may require consideration of 
the small risk of fatal cancer resulting from exposure of the whole 
skin to soft beta radiation. In this case, a value of ŵ , of 0.01 
may be applied to the mean dose equivalent over the entire surface 
of the skin. 

The effective dose equivalent is directly related to the risk 
of stochastic effects (induction of lethal malignancies or of im-
portant gejjetic defects in the first two generations), and a value 
of 1.7x10 per rem has been used by the ICRP (2) for its new re-
commendations . 

2.1.2 Collective effective dose equivalent 

The collective effective dose equivalent, S^, in a popula-
tion is defined by the expression (3,^) 

SE = f ^ V ^ 

where N(Hg) is the population spectrum in effective dose equi-
valent, n u m^er of individuals receiving 
an equivalent in the range H to H + dH . Integrals of this 
type are usually called weighted products, the collective effec-
tive dose equivalent being the weighted product of effective dose 
equivalent and number of individuals in the exposed population. 
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In some cases, the exposure of the population is delivered 
at a varying rate over a period of time. In these cases it is 
convenient to define a collective effective dose rate, Šg(t), 
as the weighted product of effective dose equivalent rate due to 
the source and number of individuals in the population 

®E = Г^Е N( V ^ E о 
The total collective effective dose equivalent from a source 

k, Sg , or the total collective effective dose equivalent rate, 
Sg 'are obtained by including in the population under consi-
deration all individuals receiving a dose from the source k. As 
the integral remains unchanged if the population is made arbitra-
rily larger than the actual exposed group by adding unexposed per-
sons, it is convenient for the purpose of assessing the total col-
lective effective dose equivalent rate, from a source, to specify 
the population as the world population. This specification is not 
necessary if the exposed group is small and well defined, and 
every exposed individual can be accounted for. 

In some cases, the exposure of the population is delivered 
over considerable ti m e after the. originating event. In order to 
have a measure of the total exposure of the population, caused 
by the source, the collective effective dose equivalent commit-
ment (3, h) is used. The collective effective dose equivalent 
commitment, S , due to a given event, decision or finite prac-
tice к is defined as the infinite time-integral of the collec-
tive effective dose equivalent, Sg k(.t), caused by that event, 
decision or finite practice ' 

SE,k = f S E , k ( t ) d t 
о 

The collective effective dose equivalent commitment can be 
used as an indirect measure of the radiation detriment for opti-
mization purposes. In the definition of detriment (section 2), 
if there is a proportional relation between H^ and p^, and if 
g. is independent of H, then it can be shown that the detri-
ment G is proportional to the collective effective dose equi-
valent. Under the assumed linèarity, therefore, the detriment 
from a radiation source at a given level of protection can be 
assessed by the resulting collective effective dose equivalent 
commitment. 

2.2 The cost of the radiation detriment 

Nothing is more difficult to value than human life. How-

ever, countless policy decisions affect the incidence of death 
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and none tries to minimize this incidence regardless of cost. 
Implicit in any of such decisions, therefore, is some valuation 
of human life. 

A key feature of the modern approach for taking account of 
life in cost-benefit analysis (5) is that it does not value life 
(or death) as such, but only changes in the probability of death. 
The valuations are thus for a potential statistical death, and no 
attempt is made of assigning a value to an actual death. 

Optimization assessments require dimensional compatibility 
between cost of protection and cost of detriment. The detriment 
being a mathematical expectation of death (and serious genetic 
harm), the assignment of a cost to the detriment would agree with 
the approach outlined above. As the detriment is propor-
tional to the collective effective dose equivalent commitment, the 
problem reduces to the assignment of a monetary value to the unit 
of collective .effective dose equivalent. Obviously, this assign-
ment is a value judgement rather than a scientific determination. 
It has been attempted by assigning values to the increased probabi-
lity of death, or by observation of the values Fociety actually 
is willing to pay to reduce exposures in given practices. 

With the first approach, values ranging from 20 to 200 dollars 
per man.rem can be deduced from assessments of "cost of a statisti-
cal life" and a risk of 1 to 2x10 per rem. 'The second approach 
gives somewhat higher values for a man-rem, up to a few hundred 
dollars. A value of 1000 dollars per man•rem has been provisio-
nally selected by the Ünited States Nuclear Regulatory Commission 
for assessments of safety in nuclear installations. A value of-
about 100 to 200 dollars per man»rem seems to be adequately re-
presentative, and could be used for planning purposes in those 
cases where the competent authority has not yet established the 
value to be used. 

For the purpose of optimization analysis, therefore, the 
cost of the detriment can be expressed as 

Y = a S 

where Y is the cost of the detriment, a is the monetary cost 
assigned to the unit of collective effective dose equivalent and 
S is the collective effective dose equivalent commitment asso-
ciated with the level of protection under consideration. 

3. The ideal optimization case 

In the ideal' case, there is only one exposed group, and 
one protection parameter or a simple set of protection options. 



90 OUDIZ et UZZAN 

A basic requirement of this ideal case is the existence of a 
quantitative relationship between the collective effective dose 
equivalent commitment, S, and the maximum annual effective dose 
equivalent, H* 

H* = f (S) 

Optimization takes place in a region of individual doses 
smaller than the dose limits. The dose limits are not intended 
to be design or planning values but the lower boundary of a not 
permitted region of values. Values above the limits are speci-
fically not permitted, but values below the limits are not auto-
matically permitted. In this sense, the limits are constraints 
for optimization procedures. However, as the dose limits apply 
to combined exposure from many practices, they cannot be used 
to constrain a single source or practice. In fact exposures at 
the limit from one single practice would leave no space for other 
exposures of the same critical group. Furthermore, each year of 
a continuing practice can in some cases cause exposures which are 
partly delivered in the future and which add to the contribution 
of other years. Operational limits, L, usually a fraction of 
the relevant dose limits, are therefore used as constraints for 
optimization procedures. It is not the purpose of this paper 
to review the criteria used for setting operational limits, but 
only to discuss the influence that individual dose limitation 
has on optimization procedures. 

Using the symbols defined previously, optimization in the 
ideal case can be expressed as the set of conditions 

(1) x(w) + a S(w) = minimum 

(2) .f (S) S L 

The minimum for the first expression, usually called the obje-
ctive function, can be obtained by differentiation and making 
the result equal to zero: = - a , or dw dw 
as usually presented ( t f ) = ~~ a- optimized value 

' S ° 

S Q corresponds to a given optimum protection parameter w 0 and 
a given protection cost, X 0, because X can be expressed as 
a function of S, the function being called the constraining 
function. 

The optimized value S 0 must, however, comply with the 
second condition given above, namely the limit equation 
f (S0) < L. Therefore, optimization is achieved at a value 
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of collective effective dose equivalent commitment, S Q, such 
that 

/dXx 
{ ä E ]

a
 = - a 
S 0 

provided that f (SQ) < L, and at a value S Q = f ^ (L) 
in all other cases. 

The procedure can be exemplified by an optimization asses-
sment for a concrete shield of large surface area. In order to 
ensure respect of the dose limits for workers, it will be assumed 
that there is initially enough'shielding to limit the effective 
dose equivalent rate against the surface to a value R^ = 5 rem/a. 
It will also be assumed that there is a constant ratio, cp, 
between maximum effective dose rate and average effective dose 
rate. All doses can be reduced by addition of further shielding, 
assumed to be between the present shield and the radiation sources. 

With the assumptions presented above, the protection cost 
and the collective effective dose equivalent commitment can be 
expressed as 

X = с A w 

S = R1 e~UW cp N 6 

where с is the cost of installed concrete per unit volume, A 
. is the surface area of the shield, w is the additional thickness 
of shield, u is the effective absorption coefficient (including 
the effects of build-up), N is the number of workers involved, 
and 6 is the expected life-time of the installation. 

The optimum thickness, w Q, can be found by the relations 
dX dSN — = - a — ) dw dw 
, dX . dS shown previously: ("г- = - OL 

с A = a u Rje - 1 1^ ф N б 

This expression сап be rearranged as 

="Uw0 = _ с 
a u Hj Ф б N 

—uw 
where e о is the optimized dose reduction factor for the addi-
tional shield, and ^ is the average area per worker of the shiel-
ded surface. 
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For an installation expected to operate for 20 years, where 
the gamma-radiation energy is about 0.7 MeV (the effective U 
being about 1*4 m •*•), and with an average shield surface area of 
15 m /worker, the following optimum reduction factor would apply 

e-Uv0 _ (100 $/m3) (15 m2/man) и o 1 
(100 $/таП'Геш) (lU m-1) (5 rem/a) (0.1) (20 a) 

In this calculation a value of 0.1 has been taken for the ratio 
between average and maximum dose, and of 100 $/man-rem for a, 
and the cost for installed concrete has been estimated to be about 
100 $/m3. 

In many practical assessments of optimization, the changes 
in control levels are achieved in finite increments, both X and 
S being discrete instead of continuous variables. The decision 
of going from a level of control A to a more expensive level 
of control В would be taken if 

• • - < « 

S B - S A -

The selection of a control for the release of short-lived 
noble gases from a BWR will be discussed as an example. In BWRs 
continuous removal of non-condensible gases in the steam flow 
occurs via the main condenser air ejector systém. The noble gases 
enter the gaseous waste stream primarily at this point. Secondary 
pathways include the turbine gland seal system, the condenser me-
chanical vacuum pump, and any leakage of process fluids to venti-
lated building spaces. 

The analysis for a model BWR (BWR 3000 of ASEA - ATOM) and the 
cost of the different possible alternatives refers to the Swedish 
situation. The assessments of collective effective dose equivalent 
commitment is based on the assumption of 0.1 % of fuel with pin-
hole damage, information on the effectiveness of each alternative 
and environmental dosimetric models (6). 

The alternative levels of control considered are: 
A. Sandtank, as a delay allowing for decay, as in the reactors 

Oskarshamn 1 and 2. 
B. Sandtank plus recombiner (of the type of the reactors 

Barsebäck 1 and 2). 
C. Sandtank plus recombiner plus activated charcoal column 

(of the type of the reactors Forsmark 1 and 2). 
D. Type С plus and inactive gland seal system. 
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The collective effective dose equivalent commitment in each 
alternative (for an assumed plant life of ho years) and the cost 
of each alternative (including installation cost and assuming an 
operation cost for 1+0 years equal to the installation cost) are 
shown in the following table, together with the application of 
the optimization technique given above. 

A l t e r n a t i v e s 

А В С D 
S (man-rem) 12000 1б0 12 8 
X (106 dollar) 2.32 3.26 1+.66 9 . 3 2 

ДХ (106 dollar) 0.9I+ i.h U. 66 
AS (man-rem) 1181+0 lh8 1+ 
ДХ 
AS (dollar/man* rem) 79 91+60 II65000 

Using a value of 100-200 dollar/man.rem for a, the cri-
terion given previously indicates the selection of alternative 
В as the result of optimization. As the resulting collective dose 
equivalent commitment is directly proportional to the released acti-
vity for a given mixture of radionuclides, the result of the opti-
mization can also be stated as a plant-life (or an annual) release 
activity. Individual doses in the critical group, in this case, 
do not have a limiting effect, as for alternative В they turn 
out to be about 0.2-mrem in a year. 

1+. Optimization in complex systems 

When exposures from a given source or practice can be regarded 
as composed of contributions of sub-systems, each requiring appro-
priate protection measures, optimization implies that 

E (X. + a S.) = minimum j J J 

where X. is the cost of protection of sub-system j, S. is the 
collective effective dose equivalent commitment resulting from sub-
system j when its cost of protection is X., and a is the mone-
tary value per unit collective effective doáe equivalent. 

l+.l Independent sub-systems 

Optimization procedures in this situation can be difficult. 
In one case, however, the constraining functions in the optimi-
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zation procedures can be readily established, namely when the sub-
systems j are independent, in the sense that the control in one. 
of them does not influence the collective effective dose equiva-
lent commitments from the others. In this case, differentiating 
the objective function with respect to each S s and making each 
result equal to zero, the following set 
for j = 1, 2, ... n 

of equations are obtained 

d S j 
a = о 

because for all X. and S. where i ф j, the derivatives are 

equal to zero ( 
dX. . i 
dS. J 

of the sub-systems. 

= 0 and 
dS. i_ 
dS. J 

0), due to the independence 

As individual annual doses should not exceed the operational 
limit, a further set of equations (limit equations) are obtained: 

f. (S.) < L 
J J 

It follows from both sets j of equations that the optimization 
of control can be obtained by optimizing each independent sub-sys-
tem taken separately. Similarly, the optimization for the combined 
exposures from several installations at a given site can be obtained 
Ъу optimizing separately the protection at each installation, pro-
vided the condition of independence applies. 

^. 2 Interrelated sub-systems 

In cases where the sub-systems are not independent, optimi-
zation procedures can be difficult. Classical methods of analy-
tical- optimization are feasible only when the number of variables 
is relatively small. For larger problems, methods of programming 
or direct search must be used. 

The protection to be optimized can conceptually be divided 
into sub-systems 1 = 1, 2, ... n, while the exposed group can 
be conceived as composed by sub-groups m = 1, 2, ... n'. The 
collective effective dose equivalent commitment caused by a gi-
ven sub-system in a given sub-group is denominated S^ m. The 
maximum annual effective dose equivalent in a given sub-group 
caused by a given sub-system is denominated H*^ m-

The sub-systems and sub-groups must be selected in a way 
such that there is a defined relationship between S-̂  m and 

H», „ = fn „ (S-, „). In the extreme case each sub-
1 ,m' ± ,m 1 ,m X ,m group would correspond to a single individual. 
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With the conditions described in the p r e c e d i n g paragraphs, opti-
mization can be formalized in the following sets of relations: 

(a) Objective function 

E (X, + a S S.. ) = minimum 
1 l m i ,m 

(b) Constraining functions 

S, l,m 

(с) Limit equations 

w 

E f (S ) < L 
m l,m l,m 

If the number of sub-systems and sub-groups is quite small, 
the solution can be obtained by the classical method of Lagrangian 
multipliers, introducing slack variables (7). However, i n m o s t 
cases, the number of variables will be too large and program-
ming or direct search methods will have to be used (8). 
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D I S C U S S I O N 

W . R . B U S H : Y o u d e f i n e d o p t i m i z a t i o n as s o u r c e - r e l a t e d , b u t t h e o p t i m i z a t i o n 

p r o c e s s s h o u l d a l s o b e a p p l i e d t o d a y - t o - d a y o p e r a t i o n s , i . e . i t i s a l s o w o r k e r - r e l a t e d . 
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In certain cases, substantial reductions in dose can be obtained, at very low cost, by 
work-related optimization. Some examples might be: holding work-related dis-
cussions in low radiation fields rather than in a high-field location in a working 
area; avoiding routine radiation surveys in high fields when these are not strictly 
necessary; and balancing the advantage of a plastic suit (tritium protection) against 
the higher gamma dose resulting from a possibly extended working time due to 
the hindrance caused by the suit. Could you please comment? 

D. BENINSON: Quantitative optimization tends to be more applicable to the 
design of installations or equipment; optimization of operations depends on a 
large number of parameters which are difficult to quantify. However, even this 
intuitive optimization would be source-related because all the exposures due to 
the particular work in the given radiation field would be taken into account, 
rather than the total exposure of any given individual (which may include contri-
butions from other sources or practices). 

Y. NISHIWAKI: I think your examples of optimization based on'cost-benefit 
analysis are extremely important and useful as far as the economic and technical 
aspects of radiation protection are concerned. In Japan, where 18 nuclear power 
stations with a total capacity of 11.5 X 103 MW(e) are operating and an additional 
ten with a total capacity of 9.3 X 103 MW(e) are under construction in what is a 
relatively small and densely populated country, we have certain social and psycho-
logical problems which force us to take into consideration other factors in the field 
of radiation protection, such as public acceptance and relations with the labour 
unions. Sometimes the general public and the unions seem to have difficulty in 
accepting the idea of optimization in terms of a monetary value. Therefore, in 
some of the nuclear power plants it is considered necessary to adopt an exposure 
level lower than that justified by the optimization procedure recommended in 
ICRP-26. This reduction involves some extra cost, but generally speaking, the 
lower the level, the easier it is to win public acceptance. As compared to the 
enormous loss that would be caused by a hold-up in electricity production, the 
extra cost required to reduce the exposure level is usually considered to be small. 
In order to gain public acceptance it is often necessary to show that the risks 
estimated for the reduced exposure level are substantially lower than those associated 
with other industries in Japan. 

Even if some money were to be saved by economic and technical optimization 
of radiation protection, this would be of no benefit if the people voted against 
the operation of the whole nuclear power station as in the case of Zwentendorf 
in Austria. In this respect, I think it is important to pay a little more attention to 
the interaction with the sociosphere (in addition to that with the atmosphere, 
hydrosphere and ecosphere) in the field of nuclear energy and radiation protection. 

D. BENINSON: Optimization is only part of the dose limitation system used 
.for decision-making. The factors you mentioned could be taken into account in 
the justification analysis after a formal optimization has been applied. In this 
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subsequent analysis, many non-quantifiable factors would be considered, and the 
result might in some cases require a more ambitious protection scheme than that 
suggested by the optimization. 

R.B. COULON: In your example of the application of optimization to 
the treatment of effluent f rom a BWR, you come to the conclusion that option В 
should be adopted because it corresponds to a man-rem value below the selected 
level of $100-200 . Do you not think that the results of these studies should be 
interpreted with a certain amount of caution in view of all the uncertainties 
involved in the evaluation and that a decision should only be taken if these uncertain-
ties cannot affect the essential result ? 

D. BENINSON: In the particular case I dealt with, the result of the optimiza-
tion is not very sensitive to the value of a; the decision would have been the same 
for the highest selected value of $1000 per man ' rem. 

V.K. GUPTA: In the two examples you gave, you used the same value of 
a for the occupational and public man ' rem. Is it correct to have the same value 
for these two domains? In optimization the costs involved are explicit, whereas 
in basic-radiation protection they are implicit. 

D. BENINSON: Since the individual doses are always below the limits, I think 
that the same a-va lue should be applied for optimization of both types of protection. 

V.K. GUPTA: What effect do alternatives А, В, С and D have on the occupa-
tional man rem? 

D. BENINSON: Almost none at all. 
V.K. GUPTA: A direct transition between alternatives A and С gives an 

a-value which satisfies your criterion. It may therefore not be necessary to consider 
alternative В first before going to C. One could thus adopt a differential cost 
benefit analysis rather than going from step A to В and from В to C. 

D. BENINSON: All available alternatives should be used and ordered according 
to increasing cost. When this is done, optimization stops at alternative B. If, by 
mistake, the step A -*• С is tested, it would be found that ' the return С ->• В would 
also be indicated. The step A -> С would be valid only if alternative В were not 
available. 

H.P. JAMMET: I would like to make one or two comments here. Firstly, 
what you have described is not a true optimization, but rather a choice between 
a number of discontinuous options. 

Secondly, with regard to the choice of a , it is important to note that the 
authorities do not generally use the same value for the two domains. It would be 
very interesting in fact to make a study of the implications of different choices 
(explicit or implicit) of a-values. 

Finally, may I just announce that Committee 4 of ICRP has a special working 
group on optimization and I would invite anyone who has a contribution to make 
to write to us. 
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D. BENINSON: Optimization has of course been applied to many continuous 
variables, such as the ventilation flow rate in uranium mines or hot laboratories. 
Even in the discontinuous case, the procedure I have described is the best available 
approach and still perhaps deserves to be called optimization (in the engineering 
if not in the classical analytical sense). 

Regarding the value of the man-rem, we must be careful, as Dr. Gupta has 
said, to distinguish between measures taken to observe the limits (irrespective of 
cost) and those associated with optimization below these limits. 

G.W. DOLPHIN: I would like to point out that the equation H E = 2 W T H T 
does not include the effect of radon; ICRP does not convert WLM to T 

doses to the lung. 
D. BENINSON: It does not refer specifically to radon daughter contributions. 

The conversion of WLM to lung doses is not made for the purpose of setting exposure 
limits or for comparison with these limits. Nothing prevents one from making the 
conversion in order to calculate Se for optimization purposes. I might perhaps 
mention that when the conversion is made, the risk of a given exposure in WLM 
corresponds fairly well to the risk of the resultant effective dose equivalent. 

G.W. DOLPHIN: In your example about shielding, the conclusion seems to be 
critically dependent on your choice of values for dollars per man' rem and metres 
squared per man. 

D. BENINSON: I agree. Optimization is of course dependent on the con-
ditions (a as established by the competent authority, and A/N as applicable to the 
case being considered). 

G.W. DOLPHIN: The collective dose in the United Kingdom nuclear industry 
is 15 000 man-rem per year. Hence the total amount of money available per year 
at S100 per т а п т е т is $1.5 X 106. This total is very small if current practices 
are to be changed in order to optimize exposures. 

W.D. ROWE (Chairman) : Perhaps I could answer this. The value of a 
man-rem is based upon a differential analysis, and the use of a in a non-differential 
sense as you propose is invalid. 

H.T. DAW: Radiation protection costs include many safety features which 
are aimed at preventing over-exposure and accident situations. I would like to 
ask Dr. Beninson to what extent the costs of these safety features are included 
in the optimization process. If the prevention of accident situations is considered, 
additional elements of uncertainty are introduced. Furthermore, if high exposures 
are included, the concept of collective dose is no longer applicable. 

D. BENINSON: The case of safety devices introduced to prevent relatively 
small accidents of significant probability could be taken into account in optimiza-
tion of protection by using the mathematical expectation of collective dose and 
the cost of these devices. Prevention of serious (catastrophic) accidents involves 
the use of the best available technology rather than optimization. 
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H.J. DUNSTER: I suggest we need to make a decision about the scope 
of the term detriment. It could be restricted to direct detriment, excluding 
indirect effects such as fear or political reactions. Alternatively, an attempt 
could be made to include these factors by introducing different values of a . 
However, the total detriment would not then be proportional to the collective 
dose equivalent and the mathematical approach would become more difficult. 
Optimization based on the first definition would have to be followed by a separate 
decision-making process which made specific allowance for the social factors. 
Optimization based on the second alternative would not produce an unequivocal 
answer but it would provide some guidance. It would be closer to a true overall 
optimization but would contain a substantial intuitive element. 

D. BENINSON: In any choice between the alternatives you suggested, it 
has to be remembered that optimization is to a large extent an intuitive process. 
Its quantitative techniques are an important tool of the process but not the 
complete process itself. In my opinion it would be preferable first to take care 
of the optimization based on stochastic health effects (the only ones relevant at 
the individual dose levels involved) by means of the quantitative procedures 
indicated in my paper. After this formal optimization based on collective dose, 
the other factors (anxiety and so on) could be taken into account by non-formalistic 
techniques. 

H.P. JAMMET: May I comment here that the practical implementation of 
the principle of optimization is by no means an easy task and that we are only 
now beginning to deal with this problem. It is essential, for example, to include 
the effects of accidents. It may be very difficult to estimate the detriment f rom 
these, but it has to be done. 

We must recognize that the concept of a collective dose has meaning only 
for very low doses when linearity still holds. In the case of accidents, we get 
high doses and we can no longer use this concept. We have instead to consider 
the actual detriment (deaths, radiological burns and so on). This is of course much 
more complicated. 

D. BENINSON: Of course, cost-benefit analysis can be applied to accidents 
but what I have described is optimization of the dose-limitation system in reference 
to normal operation. 

W.D. ROWE (Chairman): One cannot separate optimization from justification 
or dose limits. A decision-maker may decide to reject an optimized practice during 
justification and order the radiation-protection practitioner or authorities to increase 
protection, in order to obtain a justified decision to proceed. The reasons for 
"over-optimization" may have no monetary basis. 

D. BENINSON: I agree completely. The three components of the dose limi-
tation system cannot be separated in the decision-making process. 
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Abstract-Résumé 

SOME METHODOLOGIES FOR THE OPTIMIZATION OF RADIATION PROTECTION. 

Optimization of radiation protection in the nuclear power sector calls for decision-making 

studies with a view to elucidating the balance between expenditure on protection and health 

risks. The quantitative methods used for reaching such decisions are numerous and the cost-

benefit analysis suggested by the ICRP is only one example. Others are cost-effectiveness 

analysis, multi-attribute analysis, utility functions and so on. The paper summarizes the 

principles of these different methods and describes the different aspects of a decision study 

as well as the manner in which they are interrelated. It emerges that optimization, or rather 

rationalization, of radiation protection options can be approached via many different 

quantitative methods, some of which differ appreciably from cost-benefit analysis; An 

exploratory investigation of these methods in particular decision-making contexts may in the 

future show some to be superior to others and better suited to general use in radiation protection. 

QUELQUES OPTIONS METHODOLOGIQUES DESTINEES A L'OPTIMISATION 

DE LA RADIOPROTECTION. 

L'«optimisation» de la radioprotection dans le secteur nucléoélectrique implique la mise 

en oeuvre d'études décisionnelles destinées à éclairer les arbitrages entre les dépenses de 

protection et les risques sanitaires. Les méthodes quantitatives permettant de parvenir à de tels 

arbitrages sont nombreuses et l'analyse coût-bénéfice suggérée par la Commission internationale 

de protection radiologique n'en constitue qu'un exemple parmi d'autres. On peut citer l'analyse 

coût-efficacité, l'analyse multicritère, les fonctions d'utilité, etc. La communication donné 

très succinctement le principe de Ces diverses méthodes ainsi qu'une description des différents 

aspects constitutifs d'une étude décisionnelle et de leurs liens réciproques. Il en ressort que 

r«optimisation» de la radioprotection, ou plutôt la «rationalisation» des choix de radio-

protection, peut être abordée à l'aide de nombreuses méthodes quantitatives, dont certaines 

diffèrent notablement de l'analyse coût-avàntage. Une approche exploratoire de ces méthodes 

dans des cadres décisionnels particuliers permettra peut-être à l'avenir d'en privilégier certaines, 

plus adaptées que d'autres au contexte général de la radioprotection. 

Introduction 

Les recommandations récentes de la CIPR 
soulignent la nécessité de procéder dans la mesure du possible 

101 
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FIG. 1. Allure générale de la variation du risque en fonction des coûts. 

à 1' "optimisation" de la radioprotection. Nous nous intéresse-

rons ici à 1' "optimisation" dans le secteur électronucléaire, 

dans le cadre du fonctionnement normal des installations du 

cycle du caribustible. 

Le problème qui se pose aux responsables 

chargés ď "optimiser" la radioprotection est essentiellement 
le suivant : 

A divers niveaux de radioprotection relatifs 
à une ou plusieurs installations du cycle du caribustible, on 
peut faire correspondre les différents niveaux de risque rési-
duel qui en résultent ( nous nous contenterons à ce stade 
d'évoquer le risque sans préciser davantage comment on l'ex-
prime ). L'effort de radioprotection peut se traduire en termes 
de coûts de protection et il est dès lors possible de considé-
rer la variation de ces coûts en fonction du niveau de risque 
résiduel. Cette relation coûts-risques a l'allure générale représentée à la figure 1. 

Les premières dépenses de protection entraî-

nent une réduction notable du niveau de risque résiduel,mais 

à partir d'un certain stade, seule m e dépense très élevée peut 

permettre une diminution marginale du risque. 

Il s'agit dès lors pour les responsables de 

la protection de parvenir à un arbitrage " raisonnable " entre 
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des coûts de protection d'une part, et des niveaux de risque 
d'autre part. Déterminer les niveaux de doses " les plus fai-
bles que l'on puisse raisonnablement atteindre compte tenu des 
aspects économiques et sociaux ( "ALARA" )" (Y} équivaut en 
effet à arbitrer entre les coûts de protection et les niveaux 
de risque dans la mesure où l'on admet que les risques et les 
doses varient ensemble aux faibles doses (1). 

L'expérience considérable accumulée dans le 
daraine de la radioprotection autorise souvent à opérer des 
arbitrages de ce type sans toutefois que les décideurs concer-
nés disposent dans chaque cas spécifique traité d'une 
connaissance approfondie des risques, des coûts et de la varia-
tion des uns en fonction des autres. En cela, de tels arbitra-
ges présentent une certaine part " d'arbitraire ". Il est clair 
dès lors que les arbitrages seront plus rationnels et plus 
clairs si l'on se donne les moyens d'expliciter les données 
relatives aux risques et aux coûts, ainsi que les critères de 
choix propres aux décideurs. Une étude décisionnelle répond 
précisément à une telle préoccupation. Celle-ci peut s'appuyer 
dans certains cas sur m e analyse " coût-avantage ", comme le 
suggère la CIPR, mais il existe en réalité un assez vaste en-
serrtole de méthodes quantitatives pouvant contribuer utilement 
à 1' "optimisation" de la radioprotection. Dans la mesure oû 
des méthodes quantitatives telles que l'analyse coût-effica-
cité , l'analyse multicritère, les fonctions d'utilité, ne 
renvoient pas nécessairement au concept ď "optimum", nous 
utiliserons dans ce qui suit l'expression " rationalisation 
des choix de protection " pour désigner le processus d'opti-
misation évoqué par la CIPR. 

Le contenu des études de rationalisátion des choix de radio-
protection (fig. 2) 

L'étude décisionnelle destinée à rendre plùs 
rationnels les choix de protection implique un certain nombre 
de choix d'ordre méthodologique qu'il convient de justifier 
le plus clairement possible. En particulier, le choix, puis 
l'application d'une méthode quantitative s'appuient inévita-
blement sur la discussion des indicateurs de risque, elle-
même liée à celles concernant la procédure d'évaluation des 
doses collectives et individuelles, le choix des relations 
doses-risques, etc.... 

(1) Conformément à l'hypothèse de linéarité sans seuil'et sans 
influence du débit de dose aux faibles doses. Par abus de lan-
gage, on parlera systématiquement de dose au lieu d'équivalent 
de dose. 
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FIG.2. Schéma général d'une étude décisionnelle. 
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Objectif décisionnel 
spécifique faisant l'objet 

de l'étude (ex: rationalisation . 
de la protection dans le cas 

d'une centrale, du cycle, etc....) 

Caractéristiques du 
/systêne faisant l'objet de l'étude 
( ex : types et irodalités de rejets, . 
démographie, utilisation de l'envi-

ronnement , etc.. ) 

Méthodes quantitatives 
envisageables 

.(ex : coût-efficacité, coût-1 

Vbénéfice, multicritêre, etc...)\ 

Divers indicateurs des risques 
et des coûts ( ex : dose col-
lective engagée, coûts annua-

lisés, etc... 

Contraintes à respecter 
( ex : normes individuelles 
corps entier, thyroïde, etc..) 

FIG.3. Interdépendance des divers aspects d'une étude décisionnelle. 

L'étude décisionnelle met ainsi en jeu un 

certain nombre d'aspects plus ou moins dépendants les uns des 

autres (voir fig.3). 

Ces divers aspects vont être à présent évo-

qués brièvement afin de souligner les relations de dépendance 

mutuelle dont ils font l'objet et de donner un aperçu du con-

tenu d'une étude décisionnelle dans le domaine de la radio-

protection . 

De nombreux objectifs décisionnels peuvent 

être envisagés. Il est évident que l'objectif doit être expli-

cite dans chaque cas spécifique à traiter. Citons en quelques-

uns parmi les plus généraux : 
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1. Au niveau d'une installation donnée : Quels sont les 
systèmes de traitement des effluents liquides et gazeux qui 
conduisent aux niveaux de doses " ÄLAPA " ? 

2. Au niveau du cycle du combustible, compte tenu de 
l'extension prévue d'un programma nucléaire selon un calen-
drier et dans des zones d'implantation déterminées : Quels 
sont les systèmes de traitement oui conduiront à un horizon 
donné (par exemple en l'an 2000) aux niveaux "ALARA"? 

3. Au niveau du cycle du combustible, compte tenu de 
l'extension d'un programme électronucléaire : quels sont les 
systèmes de traitement qui conduiront à un niveau de risque 
comparable à celui d'une autre filière de production élec-
trique, par exemple ? 

Il est clair qu'une telle liste pourrait 
être allongée et inclure notanment un problème aussi parti-
culier que celui de la détermination du niveau de rétention 
des gaz rares ou de certains radionuclides de longue période 
conduisant aux doses " ALARA " ( pour une installation ou 
pour le cycle du combustible ). 

Les caractéristiques du système faisant l'objet de l'étude 

A chaque objectif correspond un système 
ayant ses caractéristiques propres. Il convient dans chaque 
cas d'expliciter dans cet ensemble celles des caractéris-
tiques qui interviennent dans l'évaluation des risques 
et des coûts, compte tenu de l'objectif retenu et des con-
traintes à respecter. 

Ainsi, par exemple, certains problèmes 
décisionnels pourront conduire à évaluer les risques pour 
les travailleurs en fonction des divers systèmes de traite-
ment dans le but de vérifier que les contraintes relatives 
à la protection des travailleurs demeurent respectées. 

D'autre part, selon que l'objectif affecte 
le long terme ou pas, il faut aborder par exemple les ques-
tions liées ä l'évolution de la démographie et à l'utilisa-
tion future de l'environnement, etc 

Inversement, certaines caractéristiques 
propres à un système peuvent suggérer de nouveaux objectifs 
décisionnels spécifiques : ainsi, par exemple, l'existence 
de radionuclides de longue période susceptibles d'être 
rejetés en quantités notables du fait de l'extension des 
programmes électronucléaires peut inciter à considérer la 
réduction " ALARA " des doses provenant de ces radionuclides. 
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Les contraintes à respecter 

Les limites de dose constituent une con-
trainte importante : l'obligation de maintenir les doses 
individuelles des personnes du public au-dessous de 500 
mrem/an peut constituer a priori dans certaines circonstances 
une contrainte active dans l'étude. 

D'autre part, les réglementations relatives 
aux travailleurs peuvent aussi intervenir dans la mesure où 
une diminution des niveaux de risque du public peut s'accom-
pagner corrélativement d'un accroissement des risques des 
travailleurs. 

D'autres contraintes non réglementaires 
peuvent être introduites à titre indicatif dans l'étude afin 
de situer, par exemple, les niveaux de doses " ALARA " par 
rapport aux valeurs évoquées dans la publication 26 de la 
CIPR à propos du risque moyen pour le public (2). 

Mais on pourrait concevoir d'autres con-
traintes moins " immédiates ". Par exemple, on pourrait 
s'imposer de tenir canpte des niveaux de dose provenant 
d'autres activités d'origine humaine afin de veiller à ce que 
la résultante de ces doses n'excède pas, par exemple, la 
limite de dose individuelle de 500 mrem/an. 

Les indicateurs des risques et des coûts 

Les indicateurs de coûts s'expriment en 
général selon les formes traditionnelles du calcul économique 
( dépenses d'investissement, coûts d'exploitation et d'en-
tretien, coûts annualisés, etc... ). Les indicateurs de ris-
que méritent une attention particulière puisqu'ils se retrou-
vent au carrefour de plusieurs influences-coircne l'a montré 
la figure 3. 

La contrainte liée au respect de la limite 
de dose individuelle pour le public et l'existence de radio-
nuclides susceptibles d'entraîner des doses individuelles 
relativement élevées ( Iode 131 par exemple ) conduisent à se 
doter d'un indicateur du risque individuel associé aux popu-
lations les plus exposées. Un indicateur largement utilisé 

(2) Une dose de 1 mSv ( 100 mrem ) par an durant toute la vie 
( cf D U § 117 et suivants ) . 
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Effectif de 
la population 
exposée N(H)' > 

"2 • 

Groupe critique 

Dose individuelle (H) 

h = Dose individuelle délivrée au groupe critique 

H = ее 

Dose collective H N (H) d H » En . ( h. - h ) i i i-i 

FIG.4. Histogramme de distribution des doses. 

est la dose individuelle moyenne reçue par le " groupe cri-
tique ", lequel n'est autre que le percentile le plus élevé 

de l'histogramme de distribution des doses au sein de la 

population totale (3) (figure 4). 

L'histogramme de la distribution des doses 

constitue dans son ensemble un indicateur " primaire " du ris-

que collectif. L'indicateur est qualifié de " primaire " pour 

souligner le fait qu'il est à la base de toute élaboration' 

visant à obtenir de nouveaux indicateurs reflétant les risques 

sanitaires (4) ( voire les conséquences de ces derniers, coûts 

de soins par exemple ). La dose collective n'est en fait que 

l'intégrale de la distribution des doses individuelles et cons-

titue par conséquent un indicateur agrégé du risque collectif 

total (5). 

(3) Ceci est vrai, rappelons le, dans la mesure où l'on admet 

l'hypothèse de linéarité sans seuil de la relation dose-

risque et sans influence du débit de dose. 

(4) A travers le recours aux relations dose-risque, notanment. 

(5) Si le système considéré comporte des radionuclides de 
période assez élevée, on utilise le concept de " dose engagée 
collective ". 
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Imputation 1 
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des effets 
sanitaires 
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\ 
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" Pfonëtarisation" 
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FIG. 5. Des doses à l'expression monétaire de leurs conséquences. 

On peut noter au passage que la forme des 
indicateurs de risque dépend de l'objectif décisionnel d'une 
manière indirecte, par l'intermédiaire des caractéristiques 
du système à étudier. Ces dernières peuvent en particulier in-
citer à faire certaines remarques d'ordre pratique sur l'am-
pleur du travail d'élaboration qui mérite d'être effectué à 
partir des indicateurs primaires. Ainsi, par exemple, 1'étude 
du deuxième et du troisième objectif de la liste donnée plus 
haut porte sur des risques peut-être assez élevés pour justi-
fier que l'on aille au-delà des seules doses collectives et 
que l'on tente d'évaluer les différents types d'effets sani-
taires susceptibles d'apparaître d'après les relations doses-
risques utilisées. Par contre, il peut paraître vain de procé-
der à une évaluation aussi fine lorsque l'étude concerne le 
premier objectif. 

De telles constatations de bon sens peuvent 

être utiles lors du choix de la méthode quantitative à retenir 

dans le cadre de l'étude. Mais, inversement, la méthode quan-

titative n'est pas sans influencer la forme des indicateurs 

" secondaires " ( élaborés ). En particulier, certaines mé-

thodes exigent un niveau d'agrégation des indicateurs plus 

élevé que d'autres. Ceci est vrai notamment de l'analyse 

coût-bénéfice, laquelle requiert une expression monétaire 

des conséquences. Le recours à une telle méthode implique 

par conséquent que l'on procède à plusieurs " imputations " 

et " évaluations " (figure 5). 

A priori, une telle procédure vise à amélio-

rer l'exploitation des indicateurs dans une perspective déci-

sionnelle ( dans l'exemple considéré ici, par l'intermédiaire 

d'une " monétarisation " systématique des conséquences en vue 
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de 1'analyse coût-bénéfice ). Or, elle entraîne en retour une 
perte de qualité de l'indicateur final ainsi obtenu parce que 
d'une part, les évaluations sont entachées d'incertitudes, 
d'autre part, les imputations sont plus ou moins hasardeuses, 
enfin, parce que l'agrégation est plus ou moins légitime. 

D'autres méthodes, telle l'analyse coût-
efficacité, peuvent se satisfaire d'une expression du risque 
sanitaire en termes de dose collective, mais a priori, on ne 
saurait préférer systématiquement cette situation à la précé-
dente. Un indicateur aussi primaire ne rend pas bien compte 
en effet de l'ampleur et de la nature des risques, encore 
moins de leur gravité (6) . 

Les méthodes quantitatives envisageables 

Rappelons qu'il existe plusieurs méthodes 
quantitatives envisageables et qu'aucune a priori ne paraît 
meilleure que les autres dans le présent contexte. 

Les indicateurs de risque et de coûts une 
fois mis en place, il est possible de rechercher les valeurs 
correspondant à chacune des options de traitement des effluents 
liquides et gazeux pouvant être associées au systone étudié. 
Ces valeurs peuvent dès lors être considérées comme représen-
tatives de chaque option. La méthode quantitative doit alors 
permettre de classer ces options (7). Sans entrer dans les 
détails, il est possible de donner un bref aperçu de la 
résolution d'un tel problème de classement. 

a. L'analyse coût-avantage 

La procédure suivie est schêmatiquement 
celle-ci (8) : A chaque option, il est possible d'attacher 
un coût de protection exprimé par exemple sous la forme d'un 
coût annualisé et le risque résiduel ( annuel ) exprimé sous 

(6) L'EPA aux Etats-Unis a mis en oeuvre une telle, méthode 
coût-efficacité ( cf [2] ). Elle a cependant jugé 
préférable de recourir a un indicateur de risque exprimé en 
termes d'effets sanitaires et non de doses collectives. 

(7) En effet, il est rare que le problème du classement 
soit " trivial " et il est dès lors nécessaire de recourir 
à un traitement mathématique pour le résoudre. 

(8) On en trouvera évidemment de multiples descriptions dans la 
littérature. Dans le dcmaine de la radioprotection, on se 
référera notamment au rapport BEIR 1977 [3] et au rapport de 
l'USAEC [4]. 
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fonte irionétaire ( coût annualisé du détriment ) . On est alors 
conduit à désigner l'option à l'aide d'une valeur monétaire 
unique appelée " coût social " ( annualisé ) qui est égale à 
la sormie du coût ( annualisé ) de protection et du coût " an-
nualisé " du détriment. La meilleure option ou encore " opti-
male " est celle qui conduit au coût social minimal. 

Le procédure précédente est désignée par le 
terme ď "optimisation". Une telle méthode, a priori sédui-
sante, suscite en réalité plusieurs remarques de fond. 

En effet, la notion de " coût social " 
que certains appellent " coût pour la société " ne découle pas 
du simple bon sens. C'est l'économie néoclassique qui consti-
tue la toile de fond conceptuelle permettant de conférer à des 
éléments aussi fondamentalement différents qu'un système 
technique et une vie humaine, une commensurabilité a priori. 

La légitimité d'une telle approche peut 
être mise en question à divers niveaux : théorique (9), prag-
matique, voire moral, etc.. Ceci ne signifie pas qu'il faut 
proscrire le recours à cette méthode, mais plutôt qu'il faut en 
faire un usage prudent et ne pas lui conférer un statut privi-
légié qu'elle ne mérite pas. 

En particulier, cette méthode pourrait être 
explorée en se fondant sur des valeurs implicites de la vie 
humaine ou de 1'hanme-rem ( obtenues à partir de l'examen des 
pratiques antérieures de radioprotection ). 

b. L'analyse coût-efficacité 

Cette méthode a déjà fait l'objet d'une 
application dans le contexte électronucléaire (10). Le 
principe en est grossièrement le suivant : A chaque option, 
il est possible d'attacher un coût de protection et un risque 
différentiel (11) exprimé par exemple sous la forme d'une dose 

(9) Voir, notamment les travaux de LEVY et al [5] et de 

DUMENIL [6]. 

(10) cf " L'étude de l'USEPA " [2]. 

(11) Différentiel et non plus résiduel : Dans cette méthode, 
l'indicateur pertinent est le risque évité en ajoutant une 
option aux précédentes. Il fournit en cela une mesure de 
l'efficacité de l'option. 
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collective, ou en termes d'effets sanitaires. Chaque option 
est dès lors représentée par le rapport : 

coût de l'option 

risque évité 

Le classement des options s'effectue alors 
en ordonnant les rapports par ordre croissant. Dans le cas où le 
risque ne peut être exprimé par un indicateur agrégé unique, il 
est nécessaire d'introduire plusieurs rapports ; 

" coût " 
indicateur de risque 

pour caractériser chacune des options. Celles-ci peuvent se 
classer dès lors différemment selon l'indicateur de risque 
•considéré. Une discussion est, dans ce cas, nécessaire en vue 
de sélectionner les options les plus performantes vis-à-vis 
de 1'enseirble des indicateurs, compte tenu des coûts. On peut 
remarquer que le processus de sélection conduira inévitablement 
à se fixer, entre autres, une valeur implicite, du risque évité 
( ou de la vie humaine ) (12). 

D'autres façons de procéder permettent a 
priori de considérer les différentes facettes du risque en 
conservant leur hétérogénéité. Ce sont les méthodes d'analyse 
" multidimensionnelle ", telles par exemple l'analyse des 
données, les fonctions d'utilité, l'analyse multicritère. 
Un trait commun à ces méthodes est qu'il est nécessaire 
d'expliciter les préférences du ( des ) décideur (s) afin 
d'établir tm classement des options. Ce point est repris 
maintenant à propos de l'analyse multicritère. 

с. L'analyse multicritère 

Celle-ci permet de tenir compte de plus de 
deux critères simultanément ( exemple : coût, dose collective, 
dose individuelle, dose travailleur, etc.. ). Il existe diver-
ses méthodes multicritère et elles se classent grossièrement 
en deux grandes catégories : celles qui agrègent les divers 
critères en un seul, telles les fonctions d'utilité ou les 
sortîtes pondérées ; celles qui s'appliquent dans les cas oû 
l'on ne peut agréger, telles les méthodes à éliminations 
successives, les analyses factorielles ou les méthodes de 
surclassement. 

(12) A moins que les budgets de protection soient une donnée 
de base de l'analyse.-
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On trouvera un exemple d'application d'une 
analyse par surclassèrent dans les références [7] et [8]. 

En quelques mots, mentionnons que les métho-
des par surclassement ont pour but de sélectionner un "noyau" 
d'options de traitement présentant les caractéristiques suivan-
tes : 

- Toute option éliminée ( n'appartenant pas au " noyau " ) est 
surclassespar au moins une option du " noyau ". 

- Aucune des options retenues ( appartenant au " noyau " ) 
n'est surclassée par une autre option faisant partie du 
" noyau ". 

Le surclassement sera dit " total " si une 
option i est " meilleure ou égale " à j pour tous les cri-
tères . 

En général, le surclassement " total " ne per-
met pas de discriminer suffisamment les options ; il faut alors 
recourir au surclassement " non total " et introduire les 
notions de " concordance " et de " discordance ". Dès lors, 
la pondération des critères selon les préférences des décideurs 
est amenée à jouer un rôle essentiel dans la procédure de 
surclassement. 

d. Les fonctions d'utilité 

Les fonctions"d'utilité" ont pour objet de 
traduire de façon mathématique les préférences d'un ( ou de 
plusieurs ) décideur confronté à un problème de choix en pré-
sence de critères multiples. Pour chacun de ces critères, 
le décideur est susceptible d'exprimer un avis sur les 
" valeurs " possibles pour chaque critère et ceci indépen-
damment de la question de la pondération des critères. 
L'utilité partielle traduira de façon numérique les préfé-
rences du décideur quant aux valeurs que les options prennent 
pour chaque critère. Ainsi, par exemple, l'analyste recourant 
aux fonctions d'utilité interrogera le décideur en vue de 
connaître sa position en ce qui concerne notamment les coûts, 
les doses individuelles, collectives, associés à chaque option 
à classer. A l'aide des appréciations ainsi recueillies, 
l'analyste sera en mesure de déduire des fonctions d'utilité 
partielles relatives à chacun des critères. L'utilité globale 
sera alors la moyenne pondérée (13) (afin de tenir compte de 

(13) On ne considère dans cette description samiaire que 
les fonctions additives. 

\ 
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l'importance relative des critères ) des utilités partielles. 
Les options sélectionnées seront celles gui s'avèrent les 
plus " utiles " globalement. 

Les fonctions d'utilité sont en principe plus 
performantes que les autres méthodes envisagées puisqu'elles 
permettent à l'analyste de s'adapter le mieux possible à la 
spécificité du problème qu'il traite. Elles nécessitent cepen-
dant plus de renseignements et peuvent être lourdes et fasti-
dieuses à mettre en oeuvre. 

Conclusion 

Tout ce qui précède tend à montrer que les 
études décisionnelles peuvent prendre des formes assez diver-
ses selon les objectifs spécifiques dont elles traitent. 
En particulier, il existe a priori une certaine liberté de 
choix quant aux méthodes quantitatives susceptibles d'être 
utilisées. Il n'est pas sûr cependant que celles-ci soient 
toutes pertinentes dans le contexte décisionnel de la radio-
protection. Il serait utile dès lors d'envisager une approche 
exploratoire de ces diverses méthodes dans des cadres déci-
sionnels spécifiques, tels que la recherche des niveaux "ALARA" 
pour les gaz rares, le tritium, pour une installation donnée, 
pour l'ensemble du cycle, etc.... Des études conçues sous 
l'angle méthodologique, fondées autant que possible sur des 
données technico-ëconomiques réalistes, pourraient permettre de 
mettre en lumière certaines méthodes quantitatives plus 
adaptées que d'autres au contexte général de la radioprotection. 
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Abstract 

APPLICATION O F THE ICRP RECOMMENDATIONS F O R OPTIMIZING RADIATION 
PROTECTION MEASURES IN A NUCLEAR RESEARCH CENTRE. 

The paper deals with simplifications and improvements to operat ional radiat ion 
protect ion resulting f rom the application of t he recommenda t ions of the ICRP in its 
Publicat ions 1 2 , 1 0 and 22. The main value of the 1977 ICRP recommenda t ions for opera-
tional radiat ion protect ion is seen f rom the fact tha t this logical and convincing system of 
dose l imitat ion, as well as the s ta tement on exposure-risk relations, may result in new 
at t i tudes being taken toward radiat ion pro tec t ion and the opt imizat ion of radiat ion protect ion 
measures. 

1. INTRODUCTION 

In the Central Institute of Nuclear Research, Rossendorf, basic and applied 
research into nuclear energy, physics and chemistry is carried out along with the 
production of radioisotopes on a large scale. The department of radiation protec-
tion has to ensure the supervision of all activities involving radiation sources and 
to conduct scientific investigations on problems of radiation protection so as to 
be capable of advising the management of the several departments and to decide 
for or against a given or planned operation. 

All radiation protection work and measures in the Central Institute are in 
accordance with the radiation protection legislation of the GDR. In the radia-
tion protection ordinance of the GDR [ 1 ] the stipulations of the annual maximum 
permissible dose equivalents and intakes are based on the recommendations of 
ICRP Publications 9, 2 and 6, respectively [2, 3 ,4] . They are supplemented by 
the statement that "all unavoidable exposures are to be kept to a min imum" 
and that "all operations with sources of ionizing radiation are to be carried out 
with the smallest possible amount of radioactivity". 

here. 
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To put this radiation protection policy into practice, the radiation protec-
tion ordinance was supplemented by a large number of radiation protection 
regulations and guides [5]. Every operation with sources of ionizing radiation 
has to be licensed by the National Board for Atomic Safety and Radiation 
Protection, the licensing authority of the GDR. The licensing procedure has to 
provide evidence that all the technical, technological and administrative pre-
requisites are met or to guarantee that the exposure of the workers and of the 
critical groups of the population is kept at a minimum when the operation is 
started. 

The work done in the Central Institute is dynamic. It is characterized by 
the continuous emergence of new tasks and concepts, by the construction of 
new nuclear facilities as well as the constant extension of licensed processes as 
in the case of radioisotope production. Therefore, the work of the department 
of radiation protection is to a large extent non-routine. It has to satisfy these 
conditions and to achieve radiation protection aims in order of importance. The 
operational and advisory work has to be optimized step by step. Knowledge 
and application of the recommendations given in ICRP Publications 10, 10A, 
12 and 22 [6,7, 8 ,9 ] as well as of the radiation protection publications of the 
IAEA have been of great importance for optimizing operational radiation 
protection. 

2. APPLICATION OF THE ICRP RECOMMENDATIONS IN 
OPERATIONAL RADIATION PROTECTION 

From the point of view of radiation protection the Central Institute of 
Nuclear Research, Rossendorf, is divided into four controlled areas and one 
supervised area. The controlled areas comprise the laboratories for research on, 
and production of, radioisotopes, the laboratories for research on nuclear fuels, 
the research reactors and the accelerators. The supervised area comprises the 
site of the Central Institute with its emission points for airborne and liquid 
radioactive releases as well as the environment of the institute. The supervision 
of the work in the controlled areas as well as advisory activities in radiation 
protection are carried out by control groups of the department of radiation 
protection. 

2.1. Steps to optimize supervision and monitoring in the 
controlled areas 

2.1.1. Employment of experts 

Until 1970 the control groups were headed by graduate physicists or 
engineers who were also charged with the function of radiation protection 
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officer. Since 1970 non-graduate engineers from technical colleges have replaced 
the graduate ones as heads of the control group and have been charged with the 
function of radiation protection officer. This step could be taken because 
operational radiation protection was and still is to a large extent characterized 
by monitoring tasks requiring the skill of an engineer rather than the scientific 
thinking of a physicist. Since 1970 the graduate engineers and physicists have 
worked in the groups concerned with whole-body counting and low level 
measurement, environmental monitoring, and project advisory work. Their 
individual knowledge and the results of their work provide the necessary assist-
ance for the radiation protection officers in the controlled areas. 

2.1.2. Monitoring guidance 

In order to support the radiation protection officers and their technicians 
and to unify the monitoring and, in particular, the recording and interpretation 
of the results of monitoring in the several controlled areas, a monitoring guide [10] 
was compiled by the experts of the department of radiation protection and 
submitted for confirmation to the National Board in 1970 as part of the licensing 
documents. This guide has been checked by its authors and users each year since 
1970 and has been revised as necessary. Included was the experience gained from 
using the guide, as well as data of new instructions from the National Board or 
data from recommendations of the ICRP and from radiation protection standards, 
respectively. 

In addition to the monitoring guide the radiation protection officers, 
whose knowledge of the literature is limited, were given special support in the 
form of recent data sheets [11 ] by the physicists and engineers from the above-
mentioned non-operational groups. These data sheets contain all the data relevant 
to operational radiation protection which have been found in journals and 
recommendations or standards designed to increase the efficiency of supervision. 

2.1.3. Measures for reducing exposure 

In monthly evaluations of the results of monitoring in the controlled areas, 
especially of individual external and internal exposures and the contamination 
of workplaces, those individual workers or groups of workers will be determined 
who were subject to the highest exposures or exceeded a given threshold of 
exposure. Furthermore, it will be determined which workplaces contributed 
most to the exposure of the workers or to the release of radioactivity into the 
environment according to the results of monitoring airborne and liquid radio-
active effluents. In order to reduce these exposures and releases the most 
important tasks of the radiation protection officers include investigating the 
working conditions of the workers concerned and determining if the work-
places meet the licensed conditions. 
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If the external exposure of an individual or a group of workers increases 
systematically or remains constantly high over some evaluation periods, or if an 
unplanned short-term external exposure or an intake of more than 1/20 of the 
annual maximum permissible dose equivalent or intake occurs in the course of 
an abnormal event more systematic investigations have to be carried out. It 
depends upon the situation whether the radiation protection officer or a mixed 
group of health physicists and operators conduct these investigations. The results 
will always be discussed with the head of the laboratory and the necessary 
technical or technological remedial measures will be taken and/or the necessary 
instructions for the staff issued. 

Occupational exposure in the Central Institute has been kept low by these 
measures. For years the exposures of about 90% of the workers subject to 
individual monitoring by film dose meters have lain in the dose equivalent range 
of < 10 mSv, about 10% in the range from 10 to 50 mSv. An annual dose equi-
valent of 30 mSv will be exceeded by only 2% of the workers. However, the 
exposures of the workers in the first group and to some extent in the second 
group, too, are safe values because a monthly exposure smaller than the 0.4 mSv 
detection limit of the dose-meter film will be recorded as a dose equivalent of 
0.4 mSv in the individual exposure record. The collective dose equivalent of 
the Central Institute's workers is calculated more precisely by taking the pro-
bable values of the exposures below the dose-meter detection limit f rom the 
lognormal distribution of all measured individual exposures. The annual mean 
individual exposure, derived from the collective dose equivalent, has lain in the 
range of 5 ± 1 mSv for years. 

2.2. Steps to optimize protection measures 

2.2.1. Exposure to radioiodine 

The above-mentioned method of evaluating exposures and workplace 
situations in 1970 showed that the radioiodine workers were the group most 
at risk. The intakes of radioiodine repeatedly exceeded the investigation level 
of 1/20 of the annual maximum permissible intake and due to abnormal events 
in a few cases it reached and even exceeded the annual limit. 

The main cause found by systematical investigations was a very simple 
and typical one. All the work had been done on the basis of routine thinking 
and without taking into account the fact that the permanent increase of activity 
and specific activity in the past aggravated the consequences of malfunctions 
too. Thus the intakes were caused by unauthorized alterations to the contain-
ment as well as by carelessness in taking and handling samples for quality checking 
and handling radioiodine-containing wastes [12]. 
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These causes were explained to the executive staff and the workers of the 
radioisotope laboratories and eliminated by changing the technology. 

The subsequently annually increasing production rate of radioiodine caused 
the radioiodine laboratories to remain the most important centres of operational 
radiation protection work and planning. In close co-operation between the 
executive staff of the laboratories, the health physicists of the Central Institute 
and the inspectors of the National Board new and partly optimized solutions 
were found for a new production facility, the Technological Centre [13], com-
missioned in 1976 for the technology of radioiodine processing to reduce releases 
of airborne iodine [ 14,15] as well as for air monitoring in the operators' 
zone [16]. 

The basic features of the system for the reduction of exposures and releases 
by technological means were: 

(1) The processes with the highest potential for airborne releases are to be 
installed in the high-activity cells of the Technological Centre. 

(2) The apparatus is to be set out in the technologically simplest but most 
reliable way to enable both easy dismantling as well as decontamination 
inside the cells using manipulators and relatively quick complete dis-
mantling by hand after opening the cells. 

(3) Items of process apparatus are to be laid out redundantly and if possible 
shielded against each other to enable both to continue work after a failure 
and to enable dismantling of the failed device after some half-lives without 
heavy exposure. 

(4) Releases of airborne iodine are to be removed as close to the release point 
as possible, i.e. in the smallest volumes or currents of air. 
This was implemented by fitting closed and filtered air circulation systems 
for processes with a high potential of release of airborne iodine. Further-
more, the cell air is filtered at the outlet to the air duct by an aerosol filter 
and all the air from the iodine cells is filtered by a safety filter before it 
reaches the final activated charcoal and aerosol filters and is discharged to 
the stack. The process filters in the closed circulation system and the 
safety filter are loaded with AgN03-impregnated silica gel. 
The aim is to reduce iodine releases to such an extent that they become 

smaller than or equal to iodine releases after some contamination or abnormal 
events in the operator's zone, or from cells or the transport system outside the 
iodine cell system. This system proved to be reliable; the exposure of the 
workers and the activity release into the environment were reduced drastically. 

2.2.2. Cost-reduced shielding of a particle accelerator 

The shielding of the 10 MeV Van de Graaff accelerator of the Central 
Institute was calculated and constructed for the radiation fields which were 
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found to be typical for the experiments in low-energy nuclear physics, but not 
for the maximum possible radiation fields which may be produced by this 
accelerator [17, 18]. Expensive shielding constructions such as heavy ceilings 
or shielding doors were unnecessary. 

The optimization was based on the consideration that low-energy nuclear 
physics experiments are characterized by the use of very thin targets of about 
1 mg/cm 2 or less and ion beams of ^ ljuA as well as by local shielding of all 
stray radiation sources to protect the detectors against disturbing background 
radiation. The typical radiation yield of an experiment was determined to be 
at least 3 orders of magnitude lower than the maximum radiation yield. Experi-
ments using thick targets, the maximum possible ion beam and yielding the 
maximum radiation field have never been made up to now and are not to be 
expected, because the maximum ion beam is far too low profitably to produce 
radioisotopes. The accelerator was put into operation in 1972. Up to now no 
annual individual exposure in excess of 1/10 of the annual maximum permissible 
dose has been monitored. 

2.3. Steps to optimize the monitoring of individual 
occupational exposure 

2.3.1. Monitoring'of neutron exposure 

In order to decide if individual neutron monitoring is necessary for the 
workers at the Rossendorf research reactor RFR and the zero-power reactors 
RRR and RAKE, the contributions of neutron and gamma exposure to annual 
total exposure were investigated [ 19, 20]. For three relatively homogeneous 
groups of workers, the operators of the RFR, the reactor physicists and the 
technicians of the workshop, the neutron and gamma exposures to be expected 
annually were estimated by evaluating the long-term monitoring results of all 
the typical work at the reactors and their technical installations in mixed gamma 
and neutron radiation fields as well as in pure gamma fields. The dose rate 
equivalents of the neutron and gamma radiation had been measured by a 10-inch 
moderator sphere dose meter of the Hankins type and a tissue equivalent ioniza-
tion chamber of the VA-J-15 type, respectively. 

The annually expected exposures were estimated by multiplying the mean 
dose rate equivalent at a given workplace by the mean working time for a typical 
operation at this place, summing up the results f rom all the workplaces examined 
for a working year and by fitting these sums of neutron and gamma exposures 
to realistic values by multiplying them with a correction factor. This correction 
factor was the quotient of the mean annual individual gamma dose for a group 
member divided by the annually expected gamma exposure. The mean annual 
individual gamma doses for the three groups were averaged f rom a total of about 
120 man-years of individual monitoring. 
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The results are valid for the RFR in the thermal power range from 4 to 
6 MW and for the licensed power of the zero-power devices. They allow the 
total annual exposure to be assessed as follows. 

(1) RFR, operators and technicians 
The annual neutron exposure is smaller than 15% of the annual gamma 
exposure and smaller than 3% of the annual maximum permissible dose 
equivalent. This value lies within the range of error of the monitoring 
of individual gamma exposure and will be neglected in the recording of 
exposures. 

(2) RFR and zero-power reactors, reactor physicists 
The mean ratio of neutron exposure to gamma exposure is about 4, but 
the annual gamma exposure is very small and amounts only to about 1% 
maximum permissible dose equivalent. The total exposure is obtained by 
multiplying the annual gamma exposure by a factor of 5. The gamma 
exposure is measured by pocket ionization chambers. 

The results of these investigations were evaluated with the Head of the 
reactor physicists and the members of the groups. The investigations will be 
continued for the new RFR-power range from 8 to 10 MW(th). 

For monitoring high neutron exposures from an abnormal event all workers 
at the reactors are equipped with neutron emergency dose meters. 

2.3.2. Monitoring of internal exposure 

The monitoring of internal contamination is carried out for gamma 
emitters by direct measurements with a whole-body counter and a thyroid-
iodine monitor as well as by excretion analyses for alpha and pure beta 
emitters. The concept of the monitoring of internal contamination as well as 
the construction and equipment of the counters is based on optimizing con-
siderations. These counters were not designed to measure very small internal 
contaminations with high accuracy but to measure safely the intakes if these 
reach or exceed 1 /20 of the annual maximum permissible intake during a super-
vising period, and to allow the assessment of internal exposure. The purpose was 
not to use these counters for research work but as monitors for detecting 
internal contaminations and then to influence without delay the radiation 
protection situation of the workplace and technologies for handling unsealed 
sources [21 ]. 

The whole-body counter was constructed as a shadow shield device with 
a tilted chair geometry. The 3 in. X 3 in. Nal(Tl) scintillation detector is 
connected to a 256 channel multichannel analyser with a punched tape output. 
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The spectra will be unfolded and the internal exposures calculated by the 
institute's computer using the ALGOL programs SPESUP and SPEDOS 
respectively [22]. 

For the greater part of the gamma-emitting radionuclides handled in the 
institute the 3 a detection limit lies in the range from 3 to 20 nCi for a measuring 
time of 2000 s. This sensitivity permits the measuring of an intake of 1 /20 of 
the annual maximum permissible intake within control periods which are accept-
able for both the health physicists and the management. 

This whole-body counter was by far the smallest device included in an 
intercomparison programme organized by CMEA member countries (Council 
for Mutual Economic Assistance), and its sensitivity and accuracy have proved 
adequate for operational radiation protection [23]. 

The construction of the thyroid-iodine monitor enables us to measure 
simultaneously 1311 and 12SI with 3 a detection limits of 1 nCi and 3 nCi 
respectively, for 100 s measuring time [24]. Weekly monitoring is compulsory 
for all workers handling radioiodine. It can be carried out without much loss 
of time. 

These two devices have been used for years, with minimum cost, in a 
routine monitoring programme. In 1978 about 200 checks of internal con-
taminations and about 800 checks of iodine uptake in the thyroid were carried 
out. Eighteen different radionuclides could be identified. However, the calcula-
tion of the dose-equivalent commitments was only justified in the case of 1311. 
The mean annual dose commitment to the thyroid of the 20 iodine workers 
checked from the older iodine laboratories amounted to 45 mSv in 1978 but 
will be decreased drastically by the reconstruction of these laboratories which 
is planned. 

These investigations were supplemented by a total of about 800 excretion 
analyses for eight different radionuclides. Tritium is here the most important 
radionuclide; the mean annual dose commitment was calculated at 4-2 mSv. 
The results of the other analyses would amount to dose commitments smaller 
than 1% of maximum permissible dose. 

The data obtained with the counters are readily available due to com-
puterized data processing and can be passed on without delay to the radiation 
protection officers and to the heads of the department from which the worker 
comes. The indication of internal contaminations, even if smaller than 1 /20 
of the annual maximum permissible intake, is almost always a reason for thé 
executive staff and the radiation protection officer to check in some way the 
containment, the process technology and the transport technology. This close 
co-operation has led to good conditions for raising the levels of technology and 
for keeping internal contamination low. 
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3. THE INFLUENCE OF THE 1977 ICRP RECOMMENDATIONS [25] 
ON OPERATIONAL RADIATION PROTECTION 

The experiences of many years of work in radiation protection at the 
Central Institute of Nuclear Research, Rossendorf, have shown that the prin-
ciples of radiation protection in any laboratory are met most efficiently if the 
Head of the Laboratory not only complies with the radiation protection laws, 
regulations and guides but also realizes the importance of radiation protection 
himself and takes an active interest in information on dose-risk ratios in the 
exposure range of the maximum permissible doses. The efficiency of radia-
tion protection experts and especially of radiation protection officers depends 
to a large extent on their ability to interpret the principal aims and the scientific 
basis of radiation protection in a convincing manner in addition to their daily 
supervisory and advisory work. 

Much attention is paid to this important task in the GDR. Since its 
foundation, the National Board has provided training courses in all fields of 
radiation protection both for persons responsible for radiation protection in 
the facilities and for radiation protection experts such as the radiation protec-
tion officers. On the other hand, an institute or nuclear facility after being 
commissioned has to provide for specialized training of the workers by the 
radiation protection officers. In the Central Institute a lot of specialized 
training courses have been carried out in line with the education and work-
place of the workers. Furthermore, basic lectures on radiation protection by 
the health physicists are part of the scientific seminars arranged by the depart-
ment of the Central Institute. However, all these training courses failed to 
answer the question concerning the risk connected with occupational exposure 
by referring to a recommendation of the main commission of the ICRP, i.e. by 
referring to data confirmed by the outstanding experts in radiation protection. 

Seen from this point of view, the answers to the following questions 
remained open until 1977: 

(1) How great is the risk of an exposure of individual organs compared with 
the risk of whole-body exposure? 

(2) How great is the risk if single organs and the total body are exposed? 
(3) How great is the risk of an occupationally exposed worker compared 

with the risk of a worker in a so-called safe occupation? 
(4) How much does the risk or the detriment to the population in the environ-

ment of a nuclear facility depen on the collective dose due to releases of 
radioactivity from the facility? 

These questions may now be answered with reference to "the system of dose 
limitation" in the 1977 ICRP recommendations. This will result in a new 
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attitude being taken toward radiation protection work. Activity in the field 
of radiation protection is based on knowledge of the principles, and the recom-
mendations in ICRP Publication 26 form a logical basis for the comprehension 
of all the legislative, technical and medical measures derived. 

An assessment of the total exposure due to external and internal irradia-
tion is now possible for a radiation protection expert and for any scientist 
interested in the problem. Using the formula from paragraph 110 of the 
recommendations it is even possible to assess formally the total exposure with 
respect to the annual maximum permissible dose equivalents and intakes indicated 
in the radiation protection ordinance. These limits for intakes are based on the 
concept of "critical organ" and therefore are lower than the annual limits of 
intake to be expected in the recommendations of the ICRP Commission 2. 

With regard to the logic of the assessment and the evaluation of occupa-
tional exposures, the principle "as low as reasonably achievable" will be better 
understood by the responsible persons and will be used in co-operation with 
the radiation protection experts to achieve optimized radiation protection 
conditions. 
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DISCUSSION 

on.papers SR-36/11 and SR-36/16 

M.J. CLARK: I would like to comment on the application of multi-
attribute utility analysis. Since, in essence, the technique involves reducing 
alternatives to pure numbers, i.e. their utilities, I foresee considerable dif-
ficulties in applying this methodology to the practical problem of deciding how 
much to spend on radiological protection. 

A. GARNIER: Whatever sum you have available for supplementary protec-
tion (constraints such as dose limits having already been laid down) you will 
always be forced to express a preference with regard to the selection criteria. 
These preferences may be represented, for example, in terms of weighting 
coefficients used in a composite indicator. The preferences I am talking about 
are not those of the person carrying out the analysis but those of the decision-
maker or of the people affected by the decision. We cannot avoid making a 
value judgement about the relative importance of these criteria, their effect on 
the choice of options and their monetary consequences if we are to provide 
the necessary information to those who have to make the final decision. 

It should also be noted that the application of this method does not require 
the value judgements to be converted into monetary equivalents at the beginning 
of the study; the study itself could in fact help to quantify the preferences and 
thus to complement cost-benefit methods. 

W.D. ROWE (Chairman)-. Multi-attribute analysis is more appropriately 
carried out as part of justification rather than optimization. It is useful for 
identifying critical parameters and value judgements for the decision-maker. 
It is a tool to help clarify the decisions, and will not in itself make those 
decisions. 

D. BENINSON: Multi-attribute analysis requires the introduction of 
weighting factors to qualify the attributes. The selection of these factors is 
the result of a judgement of the same type as that required to assign a monetary 
value to the collective dose unit. 

Yu.V. SIVINTSEV: I would like to make a general point here. Radiation 
protection optimization calculations represent something of a burden because 
of their high cost and they can still further increase the cost of the man • rem. 
These calculations involve the time of highly qualified programming personnel 
and the use of expensive computers. It hardly seems worth while to carry 
them out if the radiation level is less than 10% of the limiting value. I doubt 
whether at these low levels the cost of the calculations is justified by the reduction 
in exposure. 

129 
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W.D. ROWE {Chairman): Multi-attribute analysis involves only additions 
and multiplications. It may be economically implemented on interactive time-
sharing with direct feedback and sensitivity analysis. However, it is of course 
true that the cost of any analysis should not exceed its value. 

H. BRUNNER: We may have opened some kind of "Pandora's box" when 
we started speaking about risks to worker and public. In the "old days" people 
felt safe as long as they kept below the limits. Now we talk about the risk of 
death from cancer and we still expect them to feel comfortable. We are using a 
negative terminology while everybody else is using a positive one. Others talk 
about safety and protection factors, safety belts and so on; insurance companies 
speak of "life expectancy", not "death risk"; a bridge has a "safety margin", 
not a "risk of collapsing". Our negative terminology has complicated public 
relations in radiation protection work. 

W.R. ROSSBANDER: You are right. The use of this negative terminology 
may worry the workers in a nuclear facility in spite of all their training and it 
is certainly troubling the people who live in the neighbourhood of nuclear 
facilities. However, the management of a facility should be taught to implement 
the dose limitation system in a scientific manner so as to encourage a change in 
attitudes towards radiation protection. 

M.C.T. GRANDIN: Mr. Rossbander, you mentioned the role of radio-
protection practioners in everyday life. My question is really in the form of a 
comment on the human aspects of the practical application of protection. 

The examples already discussed (in particular by Dr. Beninson) refer to 
relatively objective questions such as the thickness of s shield or the treatment 
of waste; these problems can be solved in a planning office. In practice, how-
ever, a large part of radioprotection work is not just related to planning-office 
decisions but depends on subjective factors in the field and has to do more with 
human relations. I would like to know if the optimization system can take 
into account such things as radioprotection teams, the number of staff, the 
training of personnel, their state of mind and the level of mutual confidence 
between the operators and the radioprotection experts? 

W.R. ROSSBANDER: The optimization system in operational radiation 
protection has to include all the factors you mentioned in order to keep the 
collective dose equivalent of the total staff low and to reduce the exposure of 
the most highly exposed groups. In addition to the technical and technological 
aspects, it is important to consider subjective factors in this optimization. 

H.P. J AMMET: I would like to say that I am entirely in agreement with the 
idea that optimization should include human and social, as well as economic, 
aspects. 

A. GARNIER: I think this idea is clearly seen in the multi-attribute 
approach, where we can introduce criteria for acceptability, public opinion and 
so on. The difficulty is to know how much weight to attribute to each. 
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M.R. NUYTS: Mr. Rossbander, do the radioprotection experts at your 
institute have the right to judge the risks and make relevant decisions indepen-
dently of the management and the heads of the laboratory, and are there any 
objective regulations guaranteeing this independence of action? 

W.R. ROSSBANDER: The rights and duties of radiation protection officers 
in the German Democratic Republic are laid down in the radiation protection 
ordinance (see Ref. [ 1 ] of the paper). In the course of the licensing procedure 
for a nuclear facility, the manager has to appoint a health physicist from the 
staff to act as radiation protection officer. The appointment is confirmed by 
the National Board of Atomic Safety and Radiation Protection, which provides 
periodic training courses. 

If the radiation protection officer detects any departure from the approved 
radiation levels, he has to inform the head of the laboratory and request a cessation 
of the operation involved and an immediate improvement in the protection 
measures. If the situation presents an immediate danger, he has the right to 
demand that the operation be stopped without delay. He must then immediately 
inform the head of the laboratory and explain the reasons for his decision. If 
his request is not complied with, he has to report straight away to the National 
Board of Atomic Safety and Radiation Protection. The officer cannot as a 
consequence of this be removed from his post by the management. He can only 
be removed with the agreement of the National Board or at its request. 

D. BENINSON: In some organizations, the radiation protection officer 
only advises the manager in charge of operations. The responsibility for stopping 
an operation rests with this manager, who has more information about the 
situation, including any non-radiological hazards which may be involved. 

W.R. ROSSBANDER: The fact that the radiation protection officer has 
the right to stop an operation himself in case of potential danger does not 
exclude the possibility that he could discuss the matter with the person res-
ponsible for the.operation and request him to take action. 

R.J.A. NEIDER: I think you gave a very good example of what Dr. Beninson 
called an intuitive and qualitative optimization. Do you think it is possible to 
make a quantitative optimization, for example of your iodine-handling facility, 
and do you think it advisable that future radiation protection regulations should 
enforce the use of such exact optimization calculations? 

W.R. ROSSBANDER: I tried to calculate the optimization of the radia-
tion protection measures in one of our radioiodine handling facilities but I 
decided that, unless all our facilities for radioisotope production were equipped 
with additional apparatus for reducing releases, the results would be of very 
limited value and so I did not continue with this work. 

With regard to the second part of your question I believe that a regulation 
could only stipulate optimization calculations if it simultaneously gave the 
monetary value of the man • sievert. I cannot imagine any regulation in the 
German Democratic Republic including this value explicitly. 
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Abstract-Résumé 

PROBLEMS ARISING IN THE EVALUATION OF COLLECTIVE DOSE COMMITMENT. 

In order to apply the concept of optimization it is necessary to evaluate the collective 

dose commitment for the population as a whole. This is found by summing the dose commit-

ments for the different population groups involved, including persons occupationally exposed 

and members of the public both locally and globally. The average dose received by each of 

these groups can vary considerably: for occupational exposure it is about one order of 

magnitude below the limits, whereas for the general public it is far below, although certain 

local groups may be subjected to a much higher exposure than the overall average. The question 

arises, therefore, whether certain groups should not be weighted differently in order to take 

into account the heterogeneity of the distribution of exposure. As far as the validity of forecast 

evaluations is concerned, one may assume that for occupational exposure the dose commitment 

over the whole period of operation of a facility can be estimated fairly accurately. The overall 

collective dose commitment for the public is relatively insensitive to local variations in the 

environment and in the public itself but is strongly dependent on long-term developments 

which cannot at present be forecast. For the evaluation of dose equivalent to the critical group, 

local variations are of considerable importance and need to be foreseen, which is not always 

possible. By taking into account a period which includes the annual maximum collective dose 

equivalent one can make some of these difficulties less severe. 

PROBLEMES POSES PAR L'EVALUATION DE L'ENGAGEMENT DE DOSE COLLECTIF. 

Pour appliquer le concept d'optimisation, il est nécessaire d'évaluer l'engagement de dose 

collectif à l'ensemble de la population. Celui-ci s'obtient en sommant les engagements de dose 

aux différents groupes de population concernés, comprenant les personnes professionnellement 

exposées et les individus du public à l'échelle locale et à l'échelle globale. La dose moyenne 

reçue au niveau de chacun de ces groupes peut varier largement: dans le cas de l'irradiation 

professionnelle elle se situe à environ un ordre de grandeur au-dessous des limites, alors qu'en 

ce qui concerne le public elle en est très éloignée, certains groupes locaux pouvant toutefois 

subir une exposition sensiblement plus élevée que l'exposition moyenne globale. On peut donc 

se demander si un poids différent ne devrait pas être accordé à certains groupes pour tenir 

compte de l'hétérogénéité de la distribution de l'exposition. En ce qui concerne la validité 

des évaluations prévisionnelles, on peut penser que, s'agissant de l'exposition professionnelle, 

l'engagement de dose sur toute la durée de fonctionnement d'une installation s'apprécie 

convenablement. Au niveau du public, l'engagement de dose collectif global est relativement 

peu sensible à des modifications locales de l'environnement et de la population mais il est par 

contre très dépendant d'évolutions à long terme actuellement imprévisibles. Lorsqu'il s'agit 

here. 
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d'évaluer l'équivalent de dose au groupe critique, les modifications locales ont une importance 

considérable et doivent être prévues, ce qui n'est pas toujours possible. La solution qui consiste 

à prendre en compte une période englobant l'équivalent de dose collectif maximal annuel permet 

de pallier certaines de ces difficultés. 

Les trois principes fondamentaux sur lesquels la Commission 
Internationale de Protection Radiologique recommande que soit 
fondée la protection des personnes Dont dès à présent bien établis. 
Il s'agit : 

. de la justification, c'est-â-dire de la nécessité d'éviter 
toute exposition inutile 

. de l'optimisation, principe qui veut que l'exposition, 
lorsqu'elle est justifiée, soit maintenue au niveau le 
plus bas possible, compte tenu des contraintes et des 
aspects négatifs que cela entraîne; 

. de la limitation de l'exposition individuelle garantis-
sant que la protection de toute personne exposée, profes-
sionnellement ou non, est assurée. 

Ces principes se fondent sur l'hypothèse que toute exposi-
tions, aussi faible soit elle, comportant un risque, celui-ci 
doit être acceptable en regard des avantages économiques ou 
sociaux de la pratique qui le génère. 

Afin de ne pas se limiter à l'établissement de concepts 
abstraits, la Commission a voulu aller plus loin en proposant 
une méthodologie générale pour leur application. 

C'est ainsi qu'une procédure a été établie pour "optimiser" 
la réduction de l'exposition due à une pratique donnée : elle 
consiste en une analyse différentielle de l'accroissement du 
coût que le passage à un niveau de protection supérieur entraîne, 
et de la diminution correspondante du "détriment" subi par la 
populâtion exposée et ses descendants. 

Or si le coût de la protection constitue une notion fami-
lière à tout un chacun, celle de détriment, même bien comprise, 
paraît a priori difficile à évaluer. 

Lorsqu'il s'agit d'effets non stochastiques, la fixation 
de limites d'exposition inférieures à la valeur des seuils d'ap-
parition assure une protection totale des personnes exposées. 
Dans le cas des effets stochastiques, qui sont les seuls à être 
considérés ici, la Commission a adopté l'hypothèse de l'absence 
de seuil et de la linéarité entre la probabilité d'apparition 
de ces effets et l'exposition totale qui en est à l'origine : 
celle-ci est constituée par la somme de tous les équivalents de 
dose qui, pour une pratique donnée, sont et seront reçus dans 
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le futur par l'ensemble des individus de la population exposée, 
grandeur appelée "engagement d'équivalent de dose collectif". 
Le détriment étant lui-même proportionnel à la probabilité 
d'apparition des effets stochastiques (pondérée par leur gravi-
té), l'engagement d'équivalent de dose collectif en constitue 
donc une mesure appropriée. 

Les principes de base paraissent donc tout à fait fondés 
et la méthode proposée pour leur application très rationnelle. 
Toutefois, .au moment de cette phase d'application, un certain 
nombre de questions surgit montrant qu'il n'en va pas toujours 
aussi simplement. Parmi elles on peut en retenir deux, dont 
l'importance est loin d'être négligeable et auxquelles il n'est 
pas aisé de répondre : toutes deux sont liées à la distribution 
dans l'espace et dans le temps des équivalents de dose résultant 
d'une pratique donnée et aux problèmes posés par la sommation 
de grandeurs auxquelles peut s'attacher une importance variable. 

1. HETEROGENEITE DE LA DISTRIBUTION DE L'IRRADIATION AU SEIN DE 

LA POPULATION EXPOSEE 

Une des sources d'exposition potentielle principales de la 
population est constituée par la production d'énergie dJorigine 
nucléaire. Au cours de leur fonctionnement normal, les différen-
tes installations qui interviennent dans chacune des étapes du 
cycle du combustible constituent une source d'exposition directe 
ou indirecte (rejets d'effluents) pour la population. 

Le niveau auquel les différents individus concernés peuvent 
être exposés est très variable. On peut grossièrement les répartir 
selon deux groupes distincts : les individus professionnellement 
exposés d'une part, et d'autre part les personnes du public, ces 
dernières pouvant également être scindées selon qu'il s'agit de 
populations locale et régionale ou de la population mondiale. Une 
telle distinction n'est pas artificielle car, alors que l'irra-
diation professionnelle individuelle se situe à environ un ordre 
de grandeur en dessous des limites acceptées pour cette catégorie 
d'individus, l'irradiation du public s'échelonne entre deux ordres 
de grandeur (individus du groupe critique) et plusieurs ordres 
de grandeur en dessous des limites établies pour la population. 
L'évaluation de l'équivalent de dose collectif consiste donc à 
sommer sans distinction aucune toutes ces valeurs. La contribu-
tion des deux groupes de personnes (travailleurs et public) à 
l'équivalent de dose collectif est sensiblement du même ordre 
de grandeur puisque, d'après les données établies par l'UNSCEAR 
l'exposition professionnelle représente environ 70 % de l'expo-
sition totale pour l'ensemble du cycle du combustible (80 % au 
niveau de l'exploitation des réacteurs et 50 % au niveau de celle 
des usinesďenrichissement, de fabrication et de retraitement de 
combustibles). 



136 COULON et BEAU 

Si un poids différent devait être accordé à l'exposition 
des différents groupes concernés l'évaluation de l'exposition 
collective, donc du détriment correspondant, pourrait être 
sensiblement modifiée. Une telle attitude peut-elle se justifier ? 

Une première justification pourrait correspondre à une 
remise en cause de l'hypothèse de la linéarité de la relation 
dose-effet, hypothèse prudente adoptée antérieurement afin de 
permettre l'établissement d'un système de limitation de l'expo-
sition. Il faut remarquer que la Commission•elle-même émet 
certaines réserves sur la validité de cette hypothèse puisque, 
dans sa publication n° 26, elle reconnaît que les facteurs de 
risque peuvent varier avec les équivalents de dose accumulés 
précédemment. 

Dans le cas où la relation dose-effet ne serait pas linéaire, 
la sommation reste possible lorsqu'il s'agit de très faibles ac-
croissements de dose pour lesquels la loi de proportionnalité avec 
le détriment peut être conservée, même si la constante correspon-
dante n'est pas connue. L'exposition du public étant généralement 
du domaine de très faibles doses, il ne semble donc pas devoir 
se poser de problèmes pour évaluer son exposition collective 
quelle que soit la forme de la relation dose-effet. Dans certains 
cas toutefois, l'exposition des individus du groupe critique 
pourrait atteindre des niveaux correspondant à des conditions 
limites d'application du principe de la proportionnalité : s'agis-
sant d'un nombre d'individus restreint, la contribution de l'ex-
position de ce groupe à la dose collective totale est très faible 
et ne justifierait pas un traitement particulier. 

. Il n'en va pas de même en ce qui concerne l'exposition 
professionnelle dont la distribution est plus étendue, et l'on 
peut se demander si l'attitude précédente est toujours parfaite-
ment justifiée. Même si l'on suppose la relation linéaire pour 
les niveaux d'exposition correspondant à l'irradiation profession-
nelle, il se peut que sa pente soit différente de celle qui 
s'établit au niveau de l'exposition du public : dans ce cas la 
sommation ne pourrait s'effectuer sans une pondération appropriée. 
La difficulté pour établir une telle pondération réside dans 
l'absence d'informations précises sur la forme de la relation 
dose-effet ou tout au moins sur la variation des facteurs de 
risque en fonction du niveau d'exposition. 

Une autre justification pourrait découler de la prise en 
compte des aspects liés aux risques individuels. Bien que la 
limitation des équivalents de dose individuels garantissent pour 
chacun le caractère acceptable des risques qu'il encourt, il n'en 
reste pas moins que, du fait de la distribution hétérogène de 
1'exposition,certains individus sont soumis à des risques plus 
importants que d'autres. 
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Il ne serait sans doute pas fondé de tenir compte de la 
variation du risque individuel lorsque celui-ci se situe à des 
niveaux extrêmement bas (au niveau de 10 par exemple et en 
dessous). Par contre, lorsqu'il se situe au niveau de Ю ^ о и 
plus, ce qui peut être le cas dans le domaine de l'exposition 
professionnelle, il peut paraître normal de tenir compte des 
aspects individuels et de donner un poids plus important à 
l'exposition correspondante. 

A l'inverse, on pourrait tout aussi bien tenir compte du 
fait que le risque professionnel est un risque accepté, compensé 
par les aspects positifs de l'exercice de la profession corres-
pondante, alors que les personnes du public subissent une expo-
sition sans l'avoir individuellement choisie : de.ce fait, c'est 
à l'exposition du public qu'il conviendrait de donner un poids 
plus important. 

Ainsi, bien qu'il puisse sembler difficile de concevoir un 
système qui soit parfaitement satisfaisant à la fois sur le plan 
individuel et collectif et qui puisse être adapté à l'hétérognéité 
de la distribution de l'exposition au niveau des différents 
groupes de population, qu'ils soient ou non professionnellement 
exposés, il est indispensable que des solutions généralement 
acceptées soient trouvées. 

2. HETEROGENEITE DE LA DISTRIBUTION DE L'EXPOSITION DANS LE TEMPS 

Dans la plupart des cas, et en particulier lorsqu'il s'agit 
d'évaluer le détriment correspondant à des rejets ďeffluents 
radioactifs dans l'atmosphère et les eaux, il faut tenir compte 
du fait que l'exposition peut être délivrée sur des périodes de 
temps de durée variable pouvant aller de la durée de la pratique 
considérée jusqu'à des centaines de milliers d'années, voire des 
millions d'années, lorsque la période du radionucléide considère 
le permet. 

Etant donné que l'hypothèse de la linéarité de la relation 
dose-effet est indépendante de la durée pendant laquelle l'expo-
sition est délivrée, cette durée est donc sans influence sur 
l'évaluation du détriment. Il ne faut toutefois pas oublier que 
l'évaluation de l'engagement d'équivalent de dose collectif, 
qui sert de mesure pour le détriment à la santé, est fonction : 

. du comportement des radionucléides dans l'environnement 
lequel dépend, pour un radionucléide, de la forme sous 
laquelle il se trouve et des caractéristiques des dif-
férents milieux dans lesquels il est susceptible d'être 
transféré 



138 COULON et BEAU 

. des rapports que l'Homme entretient avec son environ-
nement et notamment de ses habitudes de vie et de son 
mode d'alimentation 

. du nombre d'individus concernés. 

Lorsqu'il s'agit d'évaluer l'exposition à laquelle la popu-
lation sera soumise, pour une pratique donnée, durant la période 
actuelle ou durant un futur relativement proche (à l'échelle de 
quelques années), il est relativement facile d'ajuster l'évalua-
tion en fonction de caractéristiques existantes ou prévisibles 
avec une grande certitude. 

Mais dès lors que le futur devient de plus en plus lointain 
il est évident que le degré de réalisme des hypothèses faites 
est de plus en plus problématique. 

Cette incertitude concerne essentiellement l'évaluation de 
l'exposition des personnes du public, celle des personnes expo-
sées professionnellement pouvant être plus facilement cernées à 
partir de l'expérience acquise, compte tenu de la durée de vie 
limitée des différentes installations utilisées. Si l'on s'inté-
resse à i'optimisation non plus au niveau d'une installation 
donnée mais au niveau d'une pratique devant se poursuivre pendant 
un temps long, ilfaut alors savoir que la possibilité d'apparition 
de techniques ou d'installations très .différentes de celles qui 
sont.actuellement utilisées et envisagées fait peser une incerti-
tude supplémentaire sur l'évaluation de l'exposition profession-
nelle comme sur l'évaluation de l'exposition du public. 

i) Caractéristiques de l'environnement et comportement des 

radionuclé ides 

Les caractéristiques de l'environnement sont suscepti-
bles de se modifier naturellement ou d'être artificiellement 
modifiées par l'action de l'Homme. Ces modifications peuvent 
affecter les voies d'atteinte de l'Homme, la forme sous 
laquelle se trouvent les radionucléides présents et par 
conséquent le niveau de leurs transferts et de l'exposition 
résultante. 

A court ou moyen terme, de telles modifications ne 
peuvent guère intervenir que localement, affectant donc peu 
l'exposition collective globale mais susceptibles de modi-
fier par contre profondément celle de certains groupes 
d'individus : ceci peut avoir une influence quant au niveau 
maximal de l'exposition individuelle. 
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A long terme par contre, on peut concevoir que l'en-
semble de la planète soit affecté par des changements pro-
fonds des conditions de milieu liés, par exemple, à des 
bouleversements climatiques : bien qu'il soit hasardeux de 
se livrer à une prospective en cette matière, on peut ima-
giner que de tels bouleversements puissent intervenir à 
l'échelle de quelques millénaires. 

Dans ce cas, les évaluations postérieures à l'occur-
rence d'une telle situation n'auraient plus aucun sens ce 
qui, dans le cas des radionucléides à vie très longue, 
fausserait totalement l'évaluation du détriment. 

ii) Rapports entre l 'Homme et l'Environnement 

Le problème de l'évolution des rapports qui existent 
entre l'Homme et son milieu et qui peuvent être déterminants 
pour l'évaluation de son exposition, se pose sensiblement 
de la même façon que celui des modifications profondes du 
milieu lui-même. 

Elles peuvent en effet intervenir à relativement brève 
échéance mais, avec dans ce cas, un caractère ponctuel (par 
exemple la transformation d'une zone rurale en une zone ur-
baine) donc une incidence limitée au niveau de l'exposition 
subie par certains groupes d'individus. 

Par contre, il est impossible d'imaginer ce que pourra 
être le mode de vie des populations dans-un futur lointain, 
en particulier en ce qui concerne la façon dont elles s'ali-
menteront, et cette incertitude confère un caractère tout à 
fait hypothétique à des évaluations portant sur de très 
longues périodes. 

iiij Importance de la population exposée 

Une modification profonde de la répartition et de l'im-
portance de la population du globe peut se produire à court, 
moyen ou long terme du fait d'événements catastrophiques 
imprévisibles : le caractère aléatoire d'une telle situation 
ne peut permettre sa prise en compte. Il est toutefois clair 
que la probabilité qu'elle survienne croît avec le temps. 

Par contre une évolution peut se manifester à très 
long terme, dans le sens d'une diminution ou d'une aug-
mentation, en fonction de l'évaluation des conditions du 
milieu, dont les conséquences sur l'exposition collective 
peuvent également être importantes. 
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En dehors des trois aspects évoqués ci-dessus, on peut éga-
lement imaginer que l'évaluation du détriment faite sur la base 
de la situation actuelle ne soit plus applicable aux individus 
qui, au-delà de quelques milliers ou dizaines de milliers d'an-
nées, subiront les conséquences différées de l'ère nucléaire. 
C'est ainsi que les facteurs de risque actuellement utilisés 
peuvent ne plus être appropriés dans un futur très lointain 
compte tenu des modifications éventuelles subies par l'Homme et 
son environnement. 

Tous les éléments évoqués ci-dessus concourent à mettre en 
évidence le degré d'incertitude qui s'attache à l'évaluation des 
conséquences d'opérations développées actuellement ou dans un 
futur proche pour des populations susceptibles d'exister dans un 
futur lointain. Ainsi ne paraît-il pas réaliste d'optimiser les 
niveaux de protection à mettre en oeuvre en accordant une même 
importance aux contraintes bien réelles qui vont en résulter 
pour l'actuelle société et aux risques hypothétiques encourus 
par une société future dont on ne sait pas dans quelles conditions 
elle existera si tant est qu'elle existe. L'évaluation d'un 
engagement d'équivalent de dose collectif tronqué constitue donc 
la solution raisonnable qui garantisse la crédibilité de l'appli-
cation du concept d'optimisation. Le problème qui subsiste est 
de fixer la limite de la période sur laquelle l'intégration peut 
être poursuivie. En réalité, aucun élément rigoureux ne peut à 
l'heure actuelle permettre de fixer la durée à prendre en compte : 
intuitivement, il semble qu'un ordre de grandeur du millier 
d'années peut, tout en garantissant qu'une part importante de 
l'engagement d'exposition aura été délivré à l'issue de cette 
période, constituer une limite de ce qui peut être appréciable 
à l'échelle humaine. 

Il serait préférable d'adopter une autre solution qui 
consisterait à limiter l'intégration à la durée de la pratique 
pour laquelle une optimisation a été entreprise, c'est-à-dire 
quelques dizaines d'années lorsqu'il s'agit d'une installation 
particulière ou de l'ordre de 500 années lorsqu'il s'agit de 
l'ensemble de la production d'énergie d'origine nucléaire. 

Cette méthode assure que l'évaluation englobe, sauf castrés 
particulier, la période où le débit d'exposition atteint son maxi-
mum et même si elle ne permet d'atteindre pour certains radionu-
clides qu'une partie de l'engagement d'équivalent de dose au 
moins conduit-elle à une évaluation aussi réaliste que possible 
de celle-ci. 

CONCLUSION 

Les .principes de base définis par la Commission Internatio-
nale de Protection Radiologique semblent très cohérents et tout 
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à fait aptes à permettre d'assurer une protection efficace 
des personnes, qu'il s'agisse des individus du public ou de 
ceux qui sont professionnellement exposés. Il faut cependant être 
conscient du fait qu'il s'agit de concepts théoriques, établis 
en dehors des considérations pratiques propres à chaque cas, 
considérations dont il faudra nécessairement tenir compte lors 
de leur application. Cette contrainte, jointe au souci de ne 
pas trahir l'esprit des recommandations, rend étroite la marge 
de manoeuvre. Il est cependant important que des solutions réa-
listes puissent être trouvées : il en va de la crédibilité et 
par conséquent du rôle que ces recommandations joueront en 
matière de protection radiologique. 
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Abstract 

THE COST O F COLLECTIVE DOSE EQUIVALENT. 
The successful application of the ALARA principle is dependent on a mone ta ry evaluation 

of collective dose, so tha t the costs of control may be directly compared with the costs of 
de t r iment . The paper initially reviews the traditional, quanti ta t ive me thods of valuing human 
life f r o m which a mone ta ry value of the man-sievert can be derived by subsequent application 
of risk factors. The political, ethical and economic implications of employing such techniques 
in radiological pro tec t ion are no ted . An alternative approach to the problem is then outl ined, 
based on estimating the marginal value of a change in risk. At low levels of individual risk this 
includes only the tangible, economic consequences of de t r iment f rom ou tpu t losses and medical 
costs. However, as risk levels rise, social costs related to the anxiety associated with radiation-
induced health effects are also incorporated and the valuation increases disproport ional ly. 
While such valuations are in principle measurable, in the absence of empirical data a risk/ 
de t r iment cost relationship is proposed, leading to a variable mone ta ry value of the man-sievert 
which is a func t ion of the per caput dose of a given populat ion sub-group. Application of this 
methodology will help to ensure tha t radiological protect ion resources are spent in areas where 
they are most required. 

1. INTRODUCTION 

The adoption of a 'no threshold' dose response relationship 
in radiological protection precludes the setting of environ-
mental quality standards which would lead to a zero damage 
situation. Detriment versus safety cost trade-offs below the 
dose,limits are, therefore, inevitable, and in the opinion of 
ICEP^ are best rationalised by the implementation of a 
cost-benefit methodology. This necessitates the evaluation of 
detriment in monetary terms, and in the case of practices 
involving ionising radiation, a monetary valuation of levels of 
exposure is subsequently required. 

In this paper we shall consider two fundamental approaches 
to the inherent problems in such valuations, firstly one based 
on an absolute valuation of human life and secondly one based on an 
individuals valuation of a marginal change in risk. 

here. 
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2. LIEE VALUATION 

The fundamentals of life valuation in the context of 
radiological protection can be made simple from a purely 
numerical point of view. The adoption of risk factors for 
exposure in ICEP-26 means that the effects of various levels of 
exposure can be quantified, say in terms of the number of fatal 
cancers/a produced in a population for a certain exposure. If 
an absolute value could be placed on human life then the monetary 
detriment at various levels of exposure сал be calculated. For 
example if we assume that 1 Sv exposure will give a risk of 
fatal cancers of 10~2 and that a human life is worth £^00 000 
then the value of exposure is S00 000 x 10~2 £ per Sv = £5000 per 
Sv (£$0 per rem). 

With this simplistic view in mind we will briefly review 
what is a complex but by no means a new area of research (see (3) ) 
and present the results from selected examples in Table I. 

2.1. The Human Capital Approach 

This method views individuals as if they were a type of 
capital equipment, with a potential output that is lost through 
premature death. Thus the value of life is equated to the value 
of livelihood, as reflected by the the loss of an individual's 
potential future earnings (often appropriately discounted to 
yield a present worth value). Furthermore,when a premature death 
is viewed from the loss to just the surviving members of society 
i.e. an ex-post approach, the previous value is usually modified 
by subtracting potential future personal consumption from 
income on the grounds that, while society has lost the value of 
the individual's output, it no longer needs to provide for his 
consumption. This 'net output' measure therefore represents the 
loss of net financial contributions that would have occurred 
between the individual and the rest of society. 

This technique has in the past been the most frequently used 
method as it lends itself without difficulty to direct 
quantification. However, because its only consideration is 
the contribution of individuals to Gross National Product (GHP), 
thereby ignoring all non-pecuniary losses associated with 
death, when used in isolation it leads to some unacceptable 
conclusions. For example it implies that the premature death 
of old age pensioners and people who are unlikely to be employed, 
say through a lack of general skills, confers a net benefit on 
society. 
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TABLE I. RESULTS FROM SELECTED LIFE VALUATION STUDIES 

Methodology Source Value of life Comment s 

Human capital 
approach 

Cost of road 
accidents in [13] 
Great Britain 

£ 1 9 000 Gross oupu t losses were used 
(i.e. includes consumpt ion 
losses), and non-resource 
costs of a fatal i ty (i.e. social 
cost) were arbitrarily valued 
at £ 5 0 0 0 

Publicly 
implied 
values [14] 

Screening of 
pregnant women 
to prevent still-
bir ths 

£50 maximum In 1968, it was est imated 
tha t screening of maternal 
oestriol concentrat ions would 
cost £50 per stillbirth averted. 
However, the procedure was 
not widely used, so tha t figure 
is assumed to be a max imum 
value 

Not to in t roduce 
child-proof drug 
containers 

£ 1 0 0 0 maximum In 1971 the government 
decided no t to proceed with 
this al though reduced 
admissions t o the NHS would 
have yielded some savings 

Changes in building 
regulations as a result 
of partial collapse of 
Ronan Point high-rise 
flats 

£ 2 0 0 0 0 0 0 0 
min imum or 
perhaps actual 

Decisions to change s tandards 
recommended by the repor t 
of the inquiry 

Legal 
compensat ion [4] 

UK court award £ 2 0 0 000 Awards for serious injury of 
£ 1 0 0 000 were doubled t o 
account for suffering to 
relatives and the non-
pecuniary componen t of 
the damage 

Insurance 
premiums 

Cost of air-line 
fatal i ty [15] 

£ 1 8 6 5 0 0 Uses a linear relationship 
between the probabil i ty of 
a person being killed (p) 
and the premium he would 
pay to cover the risk (c). 
The value of life then = c/p 
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In order to mitigate such policy implications these economic 
costs are always viewed as the minimum sum worth spending to save 
a life, or are sometimes supplemented by auxiliary ad-hoc calculations 
to account for the inherent social costs i.e. the victim's suffering 
and his family's premature bereavement. 

2.2. Use of Publicly Implied Values 

Whilst the value of life is obviously difficult to 
evaluate in an explicit manner, it is clear that society 
already uses an implicit value through political resource 
allocation decisions within life-saving areas. Furthermore 
where politicians axe elected and responsive to public opinion, 
it can be argued that from such judgements we should be able to 
calculate the true social value of life. 

The underlying justification for using this technique is 
that politicians are perfectly aware of society's current 
values and use these to satisfy long-term needs rather than 
taking short-term politically expedient measures. It also 
assumes that the range of alternative choices presented to 
decision-makers reflect genuine political preferences which 
have been correctly evaluated. 

On the assumption that these conditions hold, a number of 
past policies have been analysed in the U К and some results are 
presented in Table I. From this table it can be seen that the 
implied value of life has varied from £50 to £20M, which is to 
be expected where the sole common denominator between the 
policies is a reduction in mortality rates. Thus such 
comparisons ignore any further benefits from a particular 
policy which might include morbidity reductions and reductions 
in material damage which in themselves were considered as 
the overriding factors in the final decision. 

Furthermorejin order to determine a unique value of life 
from past decisions one must also consider, and if possible 
standardise, such qualitative factors as the age and back-
ground of the people at risk, the nature and absolute degree 
of risk and the future quality of the life saved. 

The quantitative results derived from this methodology 
are therefore of very limited use without further qualification 
through arbitrary value judgements. This would undermine the 
rationale behind the ALARA concept i.e. in evaluating a social 
optimum. The argument that one may use past ad-hoc decisions, 
albeit analysed in an elaborate manner, to yield an optimal 
expenditure for radiation protection is not only false, but 
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somewhat dishonest>for it merely perpetuates self-justification 
for both past and future decisions within this field. 

2.3. Use of Legal Compensation Principles 

One of the common functions of the courts is to assess 
the amount of damage to be paid for victims killed or injured in 
certain circumstances, and it can be argued that the size of 
awards made in some ways reflects society's values on compensation. 
With respect to the social costs of premature deaths it is 
clear that adoption of current awards for the death of an 
individual represents an ex-post approach in that only 
relatives and not victimscan be compensated. However Shepherd 
& Hetherington (I4.) suggest that it is possible to obtain from 
court awards an ex-ante value i.e. the amount society is 
prepared to spend to prevent a death, by examining compensation 
to seriously injured individuals whose life expectancy is not 
altered. This they justify by claiming that there is no 
consistently strong individual bias favouring serious disability 
over death or vice-versa. 

While this methodology has a certain appeal it also 
possesses a number of practical and theoretical weaknesses which 
can be outlined as follows: 

1 ) In many cases compensation for detrimental events is 
negotiated between the parties involved outside the 
courts. So by only examining court awards we may accept 
an in-built bias in our sample of compensation 
claims. 

2) Compensation in British courts is generally awarded 
under the tort of negligence. So without 
apportioning the fault of any incident which leads 
to a claim, awards cannot be made through the courts 
at all. Moreover, the damages paid tend to be 
reduced proportionally with the degree of blame 
allocated to the plantiff. 

3 ) With respect to the evaluation of the cost of a 
premature death or serious injury, the legal principle 
employed is to compensate only in as far as money can 
for the injuries received. Thus there might be a 
tendency for judges to under-value the non-pecuniary 
component of the damage,i.e. pain, suffering or 
premature bereavement,and thereby award what amounts 
to nominal sums. Furthermore if compensation mainly 
reflects the degree of financial dépendance of the 
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Risk 

FIG.l. The value versus risk graph implied by a valuation of $1000 per man-rem (assuming 
a risk factor 10~4 rem'1). 

relatives on the deceased, then as Mboney ($) points 
out, economists could provide a more accurate 
assessment through the net output method, making 
recourse to data on court awards redundant. 

2.Ц. Use of Insurance Premiums 

By examining the probability of death from a specified 
activity, and the life insurance premium that a person is 
prepared to pay to cover the risk, one can possibly calculate 
the implied value that the individual sets on his own life. 
However, insurance premiums have no direct effect on 
mortality risks but merely cover the consequences of death by 
compensating others. As Mishan (6) points out, the fact that 
a bachelor without dependants might not purchase life insurance, 
in no sense suggests that he does not value his own life. Thus 
such payments may only be viewed as a person's reflection of 
concern for his dependants. 

2.5. Implication of applying life valuation to radiological 
protection. 

In addition to the specific weaknesses of the four 
classic methods of life valuation already mentioned, the whole 
concept suffers from considerable political and ethical problems. 
It is extremely difficult to answer the criticism that it is 
impossible to place a cash value on human life because 
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I C o l l e c t i v e d o s e e q u i v a l e n t S 
O p t i m a I e x p o s u r e 

C o l l e c t i v e d o s e e q u i v a l e n t S 

C o l l e c t i v e dose e q u i v a l e n t S 

FIG.2. Cost benefit and marginal cost curves for single high and low valuations of the man-
sievert. 

human life is evidently priceless. While no analyst involved 
in this difficult area would claim that life could actually 
be traded for cash, his work being purely to ensure fairness 
in allocation of resources, the above argument is nevertheless 
a strong emotive one. It has led to legal repercussions in the 
USA to the Ford Motor Company when they applied the concept in 
a cost benefit analysis of automobile design ( 7 ) . Indeed the 
argument could for example be applied to the KRC's adoption of 
glOO 000 per man-sievert (01000 per man-rem) which implies a 
valuation of life equal to jé 10 million (see Figure l). While 
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such a high figure is eminently generous and might conform 
with extreme examples of Californian court awards for punitive 
damages, it is nevertheless finite and subject to the above 
criticism. 

Furthermore any single finite value for human life when 
combined with the linear dose-response relationship yields a 
constant valuation of the man-sievert, irrespective of absolute 
risk levels. The detriment curve, Y, and the marginal 
detriment curve, dY/dS, will therefore be straight lines (see 
Figure 2), and this' could lead to a misallocation of resources: 
a single high valuation of the man-sievert will divert a dis-
proportionate amount of resources to areas of hazard where the 
risks to individuals are very low; conversely a single low 
valuation could result in not enough being spent to protect 
individuals in 'critical groups'. 

Our final objection to the use of life evaluation studies 
lies in the fact that none of the techniques previously outlined 
are consistent with the rationale of theoretical welfare 
economics which provides the fundamental framework for cost 
benefit studies. To overcome this conceptual weakness 
economists such as Schelling (8^, Mishan ( 6 ) , Jones-Lee ( 9 ) , 
Mooney (5), Maler and Wyzga (lO; have proposed an alternative 
methodology, which we shall now examine. 

3. A RISK APPROACH 

In this section we will consider an alternative to the 
absolute life valuation methodologies which attempts to 
measure the amount of resources that society is prepared to 
allocate in order to change the risk of death or injury. It 
is concerned with estimating the value of changing the 
probability of death and not in evaluating life explicity. 
This we believe is an important difference. 

3.1. Cost Benefit Analysis and the Marginal Value of a Change 
in Risk: 

Cost benefit analysis is a technique which is commonly 
utilised to justify government investment decisions in terms 
of welfare economics. It sets out simply to discover whether 
an allocative change can lead to a potential net benefit to 
society after all the 'losers' from a project have 
theoretically been compensated (see (6) ). In this scheme 
individuals' gains or losses are measured by their compensating 
variations (C.V.s.), which reflect either the maximum sum of 
money those who stand to benefit from a project are prepared to 
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pay to see it implemented^i.e. positive C.V.; or the minimi mi 
sum of money those who lose by it are prepared to accept in 
compensation,i.e. negative C.V. 

As with all cost benefit analyses which implicity involve 
externalities, i.e. effects from the production and 
consumption of goods and services that are not reflected in 
their market value, the resultant detriment from an increased 
exposure to ionising radiation imposes both economic and social 
costs on society. The foimer of these arises from the economic 
consequences of additional genetic illnesses and cancer 
induction which include: l) the expected (in the statistical 
sense) medical expenditure for their treatment, 2) the expected 
loss of gross output during the period of treatment, and 3 ) 
the expected loss of net output from premature deaths which 
is equivalent to the loss of net financial contributions that 
would have occurred between the individual and the rest of 
society. 

For increased induction of stochastic effects in a 
society of N individuals these costs can be represented in 
mathematical notation as in equation (1). 

N 
Net economic costs = Z 

i=1 

+ P 2 P 1 E ( V t - C ) (1 +r)- ( t" h ) (1) 
t=h 

= increased risk of induction of stochastic effects 

= medical expenditure on treatment 

= income lost during treatment 

= conditional probability of dying from the health 
effects 

= life expectancy with increased risk 

= life expectancy in the absence of increased 
risk 

= total income of i-th individual lost due to 
premature death 

P.(ME. + W.) + 1 4 i 1 

where P^ 

ME. 
1 

W. 1 
P 2 

h 

Ь. 

Vit 
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FIG.3. , The assumed value versus risk curve for individuals. 

c. 1 personal consumption of i-th individual lost 
due to premature death 

Discount rate to apply in time t. 

Social costs on the other hand result not from the 
consequences of such health effects but from an increased 
perceived risk of them per se. In accordance with the net benefit 
criteria we must therefore account for the 'consumer' views on 
the anxiety from this risk change, in terms of their 
compensating variations. This may be mathematically formulated 
as follows: 

Where dV. i 
dP. 

о 

represents the marginal cost to the i-
individual 

th 

P. 
J 

given a subjective increase in risk for the jth person, (at an 
initial risk level of P-j)» then the minimum sum of money the i-th 
individual will require in compensation to accept an 
additional risk, P^ is : 

С7 ± = P 1 X 
H 
Z 

j=1 
dV. i 
dP. 

3 

J = 1 (2) 

P. 
J 
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The collective C»V. which we equate to the social cost is 
therefore represented by equation ( 3 ) . 

N 
X Z 
i=1 

N 
Z 

j=1 
dV. 

(3) 
J p. 1 

In summary then, where P.. equal, s the risk of stochastic 
health effects per unit of collective dose equivalent, the 
total cost of the resultant detriment to a society of N 
individuals is given by equation (]+). 

N 
a = Z P. 

i=1 1 

h -(t-h) 
(ME± + V L) + P 2 Z (Wit - C.) (1 + r) 

t=h 

N 
+ Z (dV./dP ) _ 
3=1 

(U) 
p. -1 j 

Where a = the monetary value of the man-sievert. 

P 1, P 2, ME^, W i t, W^, h, h, (L, r = as in equation (1 ) 
V., P., P. = as in equation (2) i J J 

3.2. Implications and applications 

The overriding advantage of this approach is that the 
detriment Y is now, in principle, measurable. It is possible to 
investigate how much individuals are prepared to pay for a 
change in risk and surveys have been carried out with admitted 
limitations (9). We are under no illusions that this approach 
will completely solve the political/ethical problems already 
touched upon. Indeed there is a fundamental problem in making 
sure that people understand risk changes and the values they 
place on such changes. Nevertheless we feel that this 
methodology has great promise and is very much in the spirit 
of 'economic and social considerations being taken into account1. 

An important feature of the concept of a marginal value 
of a change in risk is that it is likely to be variable 
depending on the level of risk. We have shown what we believe 
to be a typical curve for an individual in Figure 3» where 
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Sv/Sp progressively increases with increases in the absolute 
risk level p. This is at present a value judgement which we 
feel would he reflected in reality. The curve indicates 
that, faced with the certainty of death at p = 1 the 
individual's valuation is infinite; there is no amount of money 
that would force people to actually trade their lives. Equally 
at low risk the individual's valuation of a change in risk is 
likely to be small and in some cases could be regarded as 
negligible by a value judgement. However, for analytical 
reasons we may consider an individual's general compensating 
variation to have a pecuniary component as well as a 'risk 
premium' related to anxiety from risk increases. This consists 
of the loss of future consumption should he , or someone on 
whom he is financially dependant, die prematurely. Thus in 
such situations we shall take these expected potential 
consumption losses as a minimum valuation of social costs, 
and the detriment cost per man-sievert would be given by 
equation (5). 

a = Ejj + E(C) = Eg (5) 

Net economic costs per man-sievert (see 
equation (1)) 
Expected potential consumption losses per 
man-sievert 

Е^ = Gross economic costs per man-sievert. 

This is particularly relevant to many situations in radiological 
protection where a low risk change is experienced by a large 
number of people. The 'no threshold* hypo'thesis means that 
certain effects will occur but as the individual risk is so 
low and gives rise to no anxiety we need only consider resource 
and output contributions to the detriment. However, at high 
risk levels it is also clear that the Z (dV^/dP^p term 
could dominate due to an exponential increase and i n these 
cases it may even be possible to ignore resource and output 
losses as insignificant. 

3. 3. Monetär?/ Values of the man-sievert 

In this section we will consider the application of the 
methodology outlined in 3 "to the problem of valuing collective 
dose equivalent. 

It is important to note that the concept of collective 
dose as currently formulated in ICEP-26 having the units of 

Where EJJ 

E(C) = 
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man-sieverts gives no indication of average risk levels in the 
population receiving the dose equivalent. 1 man-sievert 
distributed among a population of 100 people will clearly 
give average risk levels and degrees of anxiety that aire very 
different from those in a population of 55 million receiving 
1 man-sievert. In order to establish a range of monetary 
values for collective dose equivalent we will consider two 
levels of risk, above and below a risk perception threshold. 

1.1.1. The value of the man-sievert at low risk 

Webb and McLean (ll) have proposed that an annual level 
of risk of death equalling 1 in 10° is 

"one that is not taken into account by 
individuals in arriving at decisions 
as to their- actions" 

We concur with this proposal and also assume that, up to a 
total risk level1 of 1 in 2.5 x 10° 

d7. 
Tjp^ = 0 for any i and j 

j 
and therefore the detriment would be given by equation (5). 
In a study at the National Radiological Protection Board we 
have examined the gross economic cost, i.e. resource and out-
put losses due to 1 man-Sv. distributed over the whole U К 
population in 1976. Some results are given in Table II and 
generally the values are within the range £1+00 to £2 800 per man-
sievert (£l+.00 to £28.00 per man-rem) depending on various 
assumptions about discount rates, the economic output of women 
in the home, genetic effects and others. This range may be 
assumed to hold for levels of insignificant risk, as defined 
above. 

3.3.2. The value of the man-sievert at high risk 

In cases where a collective dose equivalent is actually 
giving a high risk to individuals the inclusion of the 

N N Г dV~| 
Z 2 I "âp-| _ term is necessary. 

i=l j=l L U P j 

1 Considering the multiplici ty of sources of radiation exposure, they reduce this 
negligible annual risk level by 100, i.e. to 10~8 per practice. Given that the expected remaining 
lifetime for the UK popula t ion is 40 years ( 12) this corresponds to a to ta l negligible risk level 
of 40 X 10"8 = 4 X 10~7 or 1 in 2.5 X 106. 
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TABLE II. MONETARY VALUE OF THE MAN-SIEVERT EXPRESSED AS GROSS ECONOMIC COSTS 

Effective discount 
rate (value judgements) 

Excluding housewives as producing output 
(£ per man-sievert) 

Including housewives as producing output 
(£ per man-sievert) 

For somatic 
detriment 
per annum 
(%) 

For genetic 
detriment 
per generation 
(%) 

Output losses 
from employed 
population 

Output losses 
from total 
labour force 

Output losses 
from total 
UK population 

Output losses 
from employed 
population 

Output losses 
from total 
labour force 

Outpi 
from 
UK pi 

0 0 1600 1650 2600 1700 1750 2800 

0 10 1150 1200 1950 1250 1300 2050 

0 20 950 1000 1600 1050 1100 1750 

3 0 1400 1450 2200 1450 1500 2300 

3 10 950 1000 1550 1050 1050 1650 

3 20 750 800 1200 800 850 1300 

8 0 1300 1350 2000 1350 1400 2150 

8 10 900 900 1350 900 950 1450 

8 20 650 700 1050 700 700 1100 

О Г > 
93 

D. 
4 r M м 
SB s 
> 2 

£ at 1976 value. 
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FIG.4. Monetary value of the man-sievert at varying per caput dose equivalents. 

While the actual valuation of these terms is possible, the 
only surveys undertaken so far on members of the general public 
are not relevant to radiological protection. Hence we must revert 
to value judgements until such surveys are carried out and for 
the purposes of this paper we will assume a relationship with the 
following components: 

1) A psychologically weighted risk factor of 1.25 x Ю ~ 
health effects per sievert. 

2) A risk-related anxiety threshold of U x 10 . 

3) To reflect our assumption of progressively increasing 
social costs at increasing risk levels, collective 
C.V.s axe set proportional to (individual risk)n 

where n > 1. At present we will set n = 3/2. 
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TABLE III. THE EFFECT OF RISK/DETRIMENT COST RELATIONSHIP 
ON THE MONETARY VALUE OF THE MAN-SIEVERT 

Per caput dose Percentage of dose Mean individual Monetary value 
equivalent equivalent limit risk of the 
H (for members of the public) (r) man-sievert 
(Sv) (%) (H X 1.25 X 10"2) a 

(£ man-Sv" 1 ) 

10~5 0.2 1.25 X 10"7 1050 

3.2 X 1(Г5 0.64 4 X 10"7 1050 

5 X 10"5 1 6.25 X 10" 7 1175 

К Г 4 2 1.25 X 10"6 1650 

5 X 1СГ4 10 6.25 X 10"6 8950 

10"3 20 1.25 X 10" s 23 630 

5 X 10~3 100 6.25 X 10" s 254 830 

From this risk/detriment cost relationship, the monetary 
value of the man-sievert may be calculated at any high individual 
risk level by equation (6). 

a = E J J + C.V at r > U X 10~7 (6) 
where r = mean individual or per caput risk level. 

CY = к (r) 3 / 2 

and к = E(C).(U x Ю - 7 ) " 3 / 2 

Using typical values from our current work for gross and 
net economic losses and for expected consumption losses i.e. 

R, = £10^0 per man-sievert (j 
Ejy = £ 920 per man-sievert at 1976 Ж prices 
E(C) = £ 130 per man-sievert 

this relationship of monetary value of the man-sievert versus 
per caput risk level can be represented diagramatically. 
However, for the sake of clarity we have replaced per caput 
risk level by per caput dose in Figure losing the linear 
hypothesis. While Figure U is purely a basis for discussion, 
its effects on the value of the man-sievert are presented 
in Tablem» which indicates a rise from £1050 per man-sievert 
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at low individual risk levels, to £225 000 per man-sievert at 
a per caput dose of 5 mSv,. Because these figures are based on 
a method incorporating individuals1 valuations of risk changes, 
it should ensure that radiological protection resources are 
spent in proportion to the risks involved. 

k. SUMMARY AMD CONCLUSIONS 

The application of the principles of optimisation in 
radiological protection requires the monetary valuation of 
detriment so that protection costs and detriment costs can 
be compared on the same scale. If detriment is assumed to 
be proportional to collective dose equivalent then the cost 
of detriment, Y, can be calculated if we assign a value to 
the man-sievert. The risk factors per Sv given in ICEP-26 
would allow a ready valuation of the man-sievert if a 
monetary value could be placed on human life. This whole 
concept has been discussed and reviewed critically with the 
conclusion that such a concept, while being essentially 
simple and therefore practical, is probably unacceptable 
politically. It also leads to a single unique value of the 
man-sievert which will inevitably result in a misallocation 
of resources to, and within, radiological protection. 

An alternative approach to valuing detriment has been 
presented which is based, not on valuing life itself, but 
on valuing marginal changes in risk to individuals. Because 
individuals' valuations are likely to be different at varying 
risk levels this methodology leads to a variable value for 
the man-sievert. At doses of less than 0.03 mSv (3 mrem) the 
concept of a risk threshold is used, giving a constant value 
of £1050 per man-sievert. However, this valuation increases 
with increasing per caput dose, eventually reaching £255 000 
per man-sievert at the dose limit of 5 mSv (500 mrem). 

While this approach may add complexity to detriment cost 
calculations we believe it reflects reality and will avoid 
a misallocation of resources; it should prevent the spending 
of large amounts of money on reducing doses that are 
essentially trivial and also ensure that adequate resources 
are devoted to situations where the individual doses are 
relatively high. 
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DISCUSSION 

on papers SR-36/12 and SR-36/3 

D. BENINSON: Dr. Clark, the curve in your Fig.3 represents a function of 
a power greater than one. This seems to be an arbitrary choice. A power less 
than one is also quite conceivable, because at high risks a small increment could 
be judged of little importance, while at low risk it may be valued as relevant. 

M.J. CLARK: Figure 3 reflects our value judgement that human life is 
priceless. As risk increases, the value placed on it rises exponentially, eventually 
becoming infinite. However, I do not altogether disagree with what you are 
saying about risk changes. 

W.D. ROWE (Chairman): I wonder, in passing, where the subject of 
radiation protection stops and risk assessment begins. 

M.J. CLARK: I think that the two are inextricably linked. I also believe 
that we have to distinguish between the risks that are produced by radiation and 
the way they are valued by those who experience them. 

D. BENINSON: It is important to separate clearly the individual-related 
and the source-related assessments. For the individual case, the risk is equivalent 
to the total "impact" divided by the number of individuals at risk. The impact of 
one death in a group of ten people implies a risk for each individual higher than 
that of (say) two deaths in the city of Vienna. For the source-related (or practice-
related) assessments, the impact of the second case is obviously twice that of 
the first. 

M.J. CLARK: What we are saying in our paper is that individuals will view 
a one in ten risk very differently from a one in a million risk and that the relation-
ship between them will not be linear. It is not our intention to question or 
challenge the linear dose response relationship for the stochastic effects of 
ionizing radiation. It is the economic and social implications of this hypothesis 
in different populations with which we are concerned. You are saying that one 
cancer death is equal to another wherever (and whenever) they occur. We believe 
that one cancer death in a population of ten is not the same as one death in a 
population of a million. A practice leading to the former is obviously more risky 
and dangerous than one leading to the latter and disproportionately more resources 
should be devoted to preventing it. 

M. TSCHURLOVITS: How far in the future can you predict the economic 
and social costs and how can your ideas be allied to extremely long-lived radio-
nuclides? Perhaps it would be more realistic and reasonable to assess the costs 
of collective dose commitment for a finite period, say the next one hundred years. 

M.J. CLARK: My personal view on how best to treat this very relevant 
problem is to use discounting methods rather than an arbitrary truncation in time. 
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Discounting has a rather bad image in radiological protection circles because 
people view it as just a convenient device for ignoring the future. It is really not 
that at all. Perhaps I could give an example. If we take a value today of 
$ 10 000 for 1 man • Sv, then discounting means that the current value of 
1 man-Svin 100 years ' t ime is much less, say $10; what this implies is that the 
$ 10 should be set aside today and invested so that it eventually realizes the 
equivalent of $ 10 000 in 100 years' time. To set aside $ 10 000 now for the 
1 man • Sv in 100 years without investing it in the meantime would, in my view, 
constitute negligence. 

W.D. ROWE (Chairman): May I suggest that it is more complicated than 
this. When we discount money, we assume we have the opportunity of putting 
it into a bank and taking it out again at any time. When we are dealing with a 
commitment, however, the situation is different. There are two types of future 
commitment: productive and unproductive. In the productive case, the value 
in the future will increase to cover inflation. For non-productive commitments 
such as waste, however, the cost of the treatment continues to rise but the value 
does not. Any postponement of a decision may lead to the cost becoming 
impossibly high 

Another difficulty with discounting is that we can arbitrarily choose a 
discount rate which will make the problem disappear. 

I think that the answer to this question of future commitments is not to 
be found in discounting but in including a decision about the weighting of these 
commitments in the justification process. 

M.J. CLARK: Discounting surely means simply investing money now in 
order to have the proper amount available in the future when the dose actually 
occurs. 

J.R.A. LAKEY: The question of discounting a detriment in the future may 
have important implications in our decisions about radioactive waste disposal. 

M.J. CLARK: Yes, I believe that discounting will have to be used in tackling 
the waste disposal problem because the costs and benefits have different 
distributions in time, whichever disposal option is chosen. Disposal in the sea 
is relatively cheap now but it could lead to collective doses within a short time 
period and these would then continue for many years. Disposal in a geologic 
site would be expensive now but collective doses to the public are only likely 
to occur very far in the future. Arbitrary truncation of the time period of dose 
calculations would not be helpful in the hazard assessment of geologic disposal. 

G.W. DOLPHIN: Mr. Coulon, you suggest that a non-linear dose-effect 
relationship might be useful for justifying a lower monetary value of the 
man-rem at low doses. I would like to stress that the linear dose-effect relation-
ship is absolutely essential to radiological protection as given in Publication 26. 
Without it, most of the fundamental principles would have to be reconsidered. 
I would therefore urge that we do not use non-linear relationships or even 
suggest that they be used. 
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В. COULON: It was not my intention to suggest that the hypothesis of 
linearity between dose and effect be abandoned. We wanted simply to draw 
attention to the fact that one should perhaps hesitate before adding dose 
equivalents which are of the order of a hundred millirem to equivalents which 
are measured in microrem by assuming them to be of the same relative significance. 
Perhaps it would be better to modify the linear hypothesis and consider a series 
of straight-line segments with different slopes for each dose interval. This would 
be equivalent to having a weighting factor for the dose level. 

O. ILARI: May I say that while I recognize that the assumption of a linear 
dose-effect relationship is fundamental to the ICRP recommendations and that 
it has been made so as to provide a practical working tool, nevertheless, as a first 
reaction, I do not think that the adoption of a curvilinear relationship would 
completely undermine the basis of the dose-limitation system. It might certainly 
introduce certain complications but it seems to me that in principle the 
justification and optimization concepts would still be applicable and that 
appropriate dose limits could still be established provided, of course, that no 
thresholds were involved. 

R.M. FRY: The linear hypothesis has been adopted as the basis for the 
formulation of a rational system of radiological protection. It is not, however, 
inviolate, and it should not be followed slavishly if it leads to conclusions which 
are intuitively unacceptable. One of its implications is that individual risks, no 
matter how small, can lead to apparently significant values of detriment if 
multiplied by a sufficiently large population. A number of ways have been 
explored to try to escape this implication. Both Messrs. Coulon and Clark have 
suggested devices for limiting estimates of detriment at very low doses and hence 
low risks. 

Coulon has proposed that this should be done by using a curvilinear dose-
effect relation (below the linear curve) in the low-dose region and a time cut-off 
in the integration of dose-equivalent commitment. 

Clark has suggested limiting estimates of detriment at low per caput dose 
equivalents by taking a low dollar value of unit collective dose equivalent. This 
approach is based on the assumption of an individual "risk threshold", a risk 
so low that individuals take no account of it in rational decision-making. 

Both of these procedures have the effect of limiting the strict application 
of the linear hypothesis in the low-dose/low-risk region. 

B. COULON: I think that this is an excellent summary of the situation. 
It seems that Dr. Clark and I are occupied with the same problem and that, 
although we are putting forward two different approaches, we are ending up 
with very similar results. 

M.J. CLARK: I can only repeat what I have said in a previous reply, namely 
it is not our place to question the linear hypothesis; a sievert distributed among 
10 000 people is going to produce the same number of health effects as one 
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distributed among 10 million. It is the economic and social implications of the 
different risks that we are concerned with. One health effect may equal another 
health effect, but a one in a hundred risk is very different from a one in a hundred 
thousand risk for the individuals concerned. We do not believe that people's 
attitudes to these different risks are linearly related. 

B. LINDELL: I wish to make two points. The first is a comment on 
Mr. Ilari's belief that it would not matter much in practice if the dose-response 
relationship were found to be non-linear. It is true that one might still be able 
to make optimization assessments, but it would be difficult to apply dose limits. 
A given dose increment would mean different risk increments depending upon 
previous exposures. One would therefore have to keep track of all previous 
exposures, including medical exposures and those from natural sources. An initial 
practice might cause no harm if the sum of all doses was still below the threshold. 
A subsequent additional but identical practice might bring many individuals 
above the threshold and therefore cause some harm. Should that practice alone 
be penalized and the previous ones ignored? It would surely be more reasonable 
to let all practices share the responsibility for the expected end result. This would, 
formally, be identical to postulating linearity in the administration of radiation 
protection. 

My second point relates to Dr. Clark's assumption about different weights 
for a fatal stochastic effect, depending upon the size of the population at risk. 
I do not think that this is justified below the dose limit. I wish to go on record 
as stating the opinion that one person killed in this room is of lesser source 
consequence than two persons killed outside in Vienna. It may be less acceptable 
to us here, but the alternative would be less acceptable to the population of 
Vienna, and they are a larger group than we are, so they would carry more weight. 

A.LAFONTAINE: I have listened with great interest to the erudite suggestions 
that have been made in connection with the monetary value of the man-sievert. 
It has been stated that there is more than one kind of death and that certain types cost 
more than others. May I point out that there are still some problems which have 
not been mentioned, such as physical and mental handicaps, which can be serious 
for the individual or society or have repercussions for mankind which it is difficult 
to express in dollars, yen or roubles? May I also ask that we remember that 
nuclear risks are not the only type that exist? 

As for the problems concerned with the time scale, longevity may become 
a serious economic burden which is difficult to bear in a few generations. How 
can we measure the economic impact of long-lived isotopes released into the 
environment or present in nuclear waste? What will the dollar and the pound 
be worth when we have to deal with these problems? 

Let us then keep our feet firmly on the ground and use common sense 
for the good of man and the human race, or we shall perhaps find ourselves 
abandoning even the medical applications of radiation because they cost too much. 



IAEA-SR-36/9 165 

THE MONETARY VALUE OF THE MAN - REM 
AND OPTIMIZATION IN 
RADIATION THERAPY (BRACHYTHERAPY) 

K.R. ENNOW 
State Institute of Radiation Hygiene, 
Br0nsh0j, 

K.A. JESSEN 
Radiophysical Laboratory, 
Radium Centre, 
Ârhus, Denmark 

Abstract 

THE MONETARY VALUE OF THE MAN REM AND OPTIMIZATION IN RADIATION 
THERAPY (BRACHYTHERAPY) . 

The personnel exposed by sources used for intracavitary radiat ion therapy in Denmark 
receive more than 40% of the collective dose recorded by personal dosemeters in Denmark. 
As the application of after-loading technique has become generally accepted by the medical 
profession in Denmark as a replacement to a considerable degree for manual radium therapy, 
the most promising suggestion for reduct ion of radiat ion doses is the in t roduct ion of after-
loading facilities in all radiation therapy centres. Such facilities are now being planned in 
Denmark bu t their realization will entail great expense and therefore the financial aspects of 
these plans will be very impor tan t . At present the advantage of after-loading cannot be simply 
demonst ra ted to the politicians holding the purse strings, i.e. in terms of improved therapeutical 
gain, e.g. increased survival, al though the incidence of complicat ions has been shown to be 
lower, bu t the reduct ion in personnel radiat ion doses by the change to after-loading will be 
evident and be an impor tan t part of the cost-benefit analysis. By detailed investigation of all 
expendi tures and savings, cost-benefi t analysis has been carried out in order to isolate the 
relationship between expense and the collective dose reduct ion. If after-loading facilities are 
established in Denmark today with the intent ion of reducing the risk for employees and wi thout 
any expecta t ion of improvements in t rea tment , the moneta ry value of the man- rem implied 
is 10 000 kr .or 2000 US dollars. 

1. INTRODUCTION 

At the beginning of 1978 the conclusions of the so-called 'Mancuso' studies 
reported by some Danish newspapers gave rise to serious concern among the staff 
of the five radiation therapy centres in Denmark. 

here. 
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They referred to ICRP publication 26 [1 ], which states that all occupational 
doses should be kept below 5 mSv annually and only be allowed to exceed this 
value (up to the dose-equivalent limit), if the application of ionizing radiation 
which causes the exposure is absolutely justified. 

The staff stated that because the 'best practical technique' available could 
easily decrease their exposures below one-tenth of the limit, their exposures could 
not be justified. 

The employees at the radiation therapy centres engaged in intracavitary 
radiation therapy (brachytherapy), which in Denmark is almost exclusively carried 
out manually, have for many years received annual doses much higher than 
5 mSv, some even more than 50 mSv (5000 mrem). In 1977 5.4 man-Sv 
(540 man • rem) was recorded by film badges in Denmark, of which 2.4 man • Sv 
was received by 400 persons exposed by brachytherapy sources. For comparison, 
the íž-value has been calculated to be approx. 2.0. 

Radiation protection at the radiation therapy centres was repeatedly reviewed 
in 1978 by inspections and meetings and minor improvements have been executed. 
It can be concluded that manual intracavitary therapy, even with radiation 
protection of high standard, will result in exposures of the staff 'substantially 
above one-tenth of the limit'. This means that this group is exposed to a higher 
risk than normally seen in 'safe' occupations according to ICRP-26. 

This long-continued exposure of a considerable proportion of the workers 
at or near the dose-equivalent limits would Only be acceptable (following ICRP 
Publication 26 (102)) if a careful cost-benefit analysis had shown that the higher 
resultant risk would be justified. 

2. RADIATION THERAPY 

Intracavitary radiation therapy for the treatment of cancer of the uterus 
has been practised for many decades using manually inserted sealed sources of 
radium and, of late, 137Cs. 

Cancer of the uterus is successfully treated by radiation therapy and 5-year 
survival is good. To keep the number of recurrences low it is necessary to accept 
a certain level of complications caused by the radiation damage to the rectum 
and the bladder. 

The dosimetry of intracavitary radiation therapy with manually inserted 
sources is not satisfactory, e.g. because of patient movements during the 
10—20 hours irradiation time. It is therefore difficult to predict the level of 
complications and recurrences. For this reason the radiotherapist is motivated 
to improve the treatment. 

Most of the treatments of cancer of the uterus can be carried out with a 
remotely operated 'after-loading' technique. The technique, which is commercially 
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available, is already in use in one of the Danish radiation therapy centres. Radio-
therapists in Denmark today hope that after-loading will improve the t reatment 
by reducing the number of severe complications and, perhaps, improve the survival 
rate of the patients. 

For comparison with other countries some information about Denmark is 
given : 

Our population is approximately 5 million people, having one of the highest 
living standards in the world. The infant mortali ty per 1000 live births is 10. 
The average life expectancy is 75 years. 

The overall incidence of cancer (malignant neoplasms) is approx. 18500 
annually (390 per 100 000 males and 350 per 100 000 females). The incidence 
of carcinoma of the uterine cervix and corpus is approx. 1250 annually (approx. 
7%) of which 1100 are treated by intracavitary radiation therapy. 

Mortality from cancer is approx. 12500 cases annually, i.e. it causes 23% 
of all deaths in Denmark. 

Mortality from cancer of the uterus is approx. 500 cases per year (approx.4%). 

3. COMPARISONS BETWEEN PRACTICES 

3.1. Protection of staff 

As mentioned above, the nursing staff argued that the problem of their 
great exposures could be solved by using a better technique ('best practical 
technique'). 

Treatment with after-loading system is carried out in 'closed installations', 
i.e. in shielded rooms, and will almost completely eliminate the exposure of the 
nursing staff and the other patients. 

In manual t reatments applicators containing the sources are inserted in the 
patients, with great exposures to nurses and radiotherapists, including high doses 
to their hands. In treatments using the after-loading technique inactive applicators 
are set up beforehand without irradiation of the staff and the sources are inserted 
and removed by remote operation. 

Compared to the situation in Denmark today the change to after-loading 
would no doubt reduce the risk for all employees at the radiation therapy centres 
to an 'acceptable' level. However, in view of the cost of the installation and the 
risk of increasing the number of radiation-induced complications, J t is not evident 
that this change would result in a net benefit (gain) to society. 

3.2. 'Optimization' 

In Danish legislation it is stated that radiation protection shall be carried 
into effect "in conformity with the general guidelines recommended at any time 
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by the ICRP". According to ICRP f l ] "comparison between practices should 
be made after the application of the procedure of optimization". 

To solve a practical problem by a cost-benefit analysis might seem to be 
a little too sophisticated, but because the ICRP recommends that "optimization 
should be a major part of practical radiation protection", we are more or less 
forced to do cost-benefit analysis to ensure that an exposure close to the dose 
limit is justified. 

In radiation therapy, optimization of radiation protection cannot be separated 
from the optimization of treatment and the cost-benefit analysis will reflect 
both problems. 

In the case discussed here two different treatment techniques, referred to as 
radium therapy and after-loading, have to be compared. 

4. COST-BENEFIT ANALYSIS 

4.1. The situation 

The radiation therapy centres in Denmark are planning for after-loading 
and applying for financial support. 

One of the striking arguments is the reduction of the exposure of the staff. 
As mentioned above, it is not evident that introduction of after-loading will 
imply a net benefit for society although the radiation risk to employees will 
almost vanish. 

It is the purpose of this contribution to calculate the monetary value of the 
collective dose-equivalent (man-rem, man-Sv) in practice, assuming the intention 
of introducing after-loading is to reduce the exposure of the staff. 

4.2. The monetary unit 

The economic calculations are carried out in the monetary unit used in 
Denmark: kr.(kroner), and prices are those valid in Denmark in 1978. 

Because of the problems of comparing the economy in different countries 
only the results will be converted to another currency: US dollars, taking 
1 $ = 5 kr. 

For information it may be mentioned that public expenditure on the 
hospitals is approx. 12 000 million kr., which is 12% of all expenditure in 
Denmark. 
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4.3. The model 

In order to be as realistic as possible, the actual situation at one of the 
radiation therapy centres has been taken as the basis for the model used in the 
analysis. 

In this model the radiation therapy centre is treating 220 patients in a year 
by intracavitary radiation therapy: 70 patients with cancer of the uterine corpus 
and 150 with cancer of the cervix (at various stages). The number of treatments 
is 400, using in all 60 g Ra-equivalent (average 150 mg Ra-equivalent per treat-
ment) distributed as 80% radium and 20% 137Cs sources. 

The patients are hospitalized for treatment. This takes 2200 hospital-days 
which is 5% of the total number of hospital days per year. 

The rate of severe (rectal) complications is 1—2%. 
Exposures of the staff are measured by film badges and the collective dose-

equivalent is 0.60 man-Sv (60 man-rem, 1 man-rem/g Ra). The dose limit for 
non-stochastic effects (0.5 Sv per year) is not exceeded. 

When after-loading facilities are established 80% of the treatments can be 
carried out by this technique. 

The number of hospital-days needed will be reduced by 25—50%, saving 
500—900 hospital-days. In Denmark the average expenditure is 1000 kr. per 
hospital-day, of which 70% is salary. 

The rate of severe complications can by comparison with other centres [2] 
be expected to be a little lower using after-loading. 

The exposure of the staff will be reduced by 0.5 man-Sv (50 man-rem). 
The reduction of the exposure of other patients and the population is of 

minor importance. 

4.4. Cost-benefit calculations 

Following the notation of ICRP the net benefit В is the difference between 
the gross benefit, V, and the sum of all costs: (P + X + Y), where Y is the cost 
of the detriment, especially the patient-complications Yp and the exposure of the 
staff Ys. 

The net benefit of the two different therapeutic methods, B R and B A , has 
to be calculated. It is assumed that the gross benefit, i.e. the therapeutic gain, 
is the same in both cases. Therefore the difference in benefit BA -BR will depend 
on the difference in costs. 

No details of the very difficult considerations and calculations will be given 
here. 
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The initial costs, interest and depreciation and saving in hospital-days lead 
to an additional expenditure of 500 000 kr. annually. 

Call the monetary value of the annual gain caused by the assumed reduction 
in the number of complications mY p and the monetary value of the collective 
dose-equivalent mY s . 

The results of the cost-benefit analysis can then be represented as 

( B A - B R ) = - C (500 000 kr.) + mYp + mY s 

5. THE MONETARY VALUE 

5.1. After-loading for the staff 

Society has an interest in keeping the nursing staff at work and could 
perhaps be persuaded to approve after-loading to spare the staff, without any 
expectation of improvements of the treatment. 

This, in practice, would imply a monetary value of 10000 kr. per man rem 
or 2000 $/man-rem. 

5.2. After-loading for the patients 

A fatal malignancy induced by occupational exposure and disablement or 
death caused by a severe complication both mean a loss of yaars of life. 

According to ICRP, occupational exposure "involves the loss of about 
10 years of life". The mean age of the employees is 35, the latency period is 
10—15 years, so this figure should be 20 years. The risk factor can then be 
expressed thus: 2 - 1 0 _ 1 years lost per Sv. So 0.5 man-Sv means a loss of 
0 . 0 5 - 0 . 1 years of life. 

The patient suffering f rom a severe complication will lose 20 years of life, 
as the average age is 55 years. 

Both mYp and mY s could then be assumed to be expressed by the 'monetary 
value of life'. 

It is hoped that the complication rate can be reduced to 1% or by 
1—2 patients per year because of bet ter dosimetry. This indicates a total gain 
of at least 20.1 years of life: 

mY p + mYs = m (20.1 years) 

The reduction of the collective dose-equivalent can then be calculated to 
be worth (500 000 5< (0 .1 /20 . l ) /50) = 50 kr. or 10 dollars per man-rem or less. 
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6. CONCLUSION 

As previously quoted, "comparison between practices should be made after 
the application of the procedure of optimization". 

The monetary value of the man • rem calculated here (2000 dollars) just to 
spare the staff seems to be much too high compared to the value published by 
ICRP ( 1 0 0 - 2 5 0 dollars). 

On the other hand, if the presumed reduction in the complication rate is 
correct, the monetary value of the man-rem is considerably lower than the 
value given by ICRP. 

The conclusion will depend on both the clinical evaluation and the interest 
of society in protecting the employees against a higher, even if acceptable, risk. 
This is a political problem that invalidates the procedure of optimization. 
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DISCUSSION 

B.M. WHEATLEY: Was the response of workers in Denmark to the Mancuso 
report restricted to radiotherapy nurses? 

K.R. ENNOW: No, but most concern was felt among the staff at the 
radiation therapy centres, because they are receiving doses above 5 mSv year 
after year. 
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Abstract 
LIMITS F O R INTAKES O F RADIONUCLIDES BY WORKERS. 

The me thods used by ICRP Commi t t ee 2 to realise the recommenda t ions in ICRP 
Publication 26 concerning limits on the intakes of radionuclides by workers are described. 
The fo r thcoming repor t of Commi t t ee 2 will r ecommend values for t he Annual Limit o n 
Intake (ALI) by ingestion and inhalat ion and for the Derived Air Concent ra t ion (DAC) of 
each radionuclide in one or more chemical forms. Implicat ions and l imitat ions on the use 
of the new limits are discussed. 

INTRODUCTION 

Changes in the basic recommendations of the Commission 
described in ICRP Publication 26 [1] make it necessary for 
Committee 2 of ICRP to publish a new report to replace ICRP 
Publication 2, first issued in 1959 [2]. This earlier report 
recommended for workers values for the maximum permissible 
concentration in air and in water (MPC) and for maximum per-
missible body burden (MPBB) for a number of radionuclides. 
Although the Commission emphasised in ICRP Publication 2 that 
the rate of intake of a radionuclide could be varied, provided 
that the intake in any quarter was no greater than that 
resulting from continuous exposure to the MPC for 13 weeks, the 
concept of MPC has been misused to imply a concentration in air 
or water that should never be exceeded. Similarly, MPBB has 
been misused to imply a limit for activity in the body, although 
it was evident that an intake in excess of MPBB for a radio-
nuclide with a short residence in the body would not have 
resulted in the Commission's limits on dose equivalent being 
exceeded. For these and other reasons the concepts of MPC and 
MPBB are not used in the new report. They are to be replaced 
Ъу recommended values for the Annual Limit on Intake (ALI) by 
ingestion and inhalation as discussed in ICRP Publication 26 
and described below. 

175 
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QUANTITIES AND UNITS 

SI quantities and units are used throughout the new report. 
The special name for the SI unit of dose equivalent is the 
sievert (Sv), of absorbed dose the gray (Gy) and of activity 
the becquerel (Bq). 

Dose equivalent, ff, at a point in tissue [3] is given 

Since dose equivalent now refers to a point in tissue, 
it is clear that use of the old 'и' factor (sometimes called 
the Relative Damage b'actor), as described in ICRP Publication 2 
to make allowance for the distribution of a radionuclide in 
bone, is no longer valid. N is now used inter alia to make 
allowance for the different degrees of effect resulting from 
different dose rates. In ICRP Publication 26, N is made equal 
to 1 because the risks per unit dose equivalent for individual 
tissues have been chosen as representative for the conditions 
of dose rate and fractionation of dose which are usually of 
interest in radiological protection. 

The recommended effective values of quality factor, Q, 
to be used for internal radiation are shown in Table I. 

by 

H = D Q N 1 

where D (in J-kg 1) is the absorbed dose; 
Q is the quality factor, and 
N is the product of all other modifying 

factors. 

TABLE I. EFFECTIVE VALUE OF QUALITY FACTOR Q 

X-rays, y-rays and electrons 1 

Neutrons, protons and singly 
charged particles of rest mass 
greater than one atomic mass 
unit of unknown energy 10 

a-particles and multiply-
charged particles (and particles 
of unknown charge) of unknown 
energy 20 
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TABLE II. RISK OF RADIATION-INDUCED STOCHASTIC 
EFFECTS 

Tissue Weight 
10~3 Sv r w T 

Gonads k 0. .25 
Breast 2. • 5 0. .15 
Red Bone Marrow 2 0. .12 
Lung 2 0. . 12 
Thyroid 0. .5 0. .03 
Bone (Endosteum) 0. Iг ' J 0. .03 
Remainder 5 0. .30 
TOTAL 16. .5 1, .00 

It will be noted that the value of Q = 20 for a-particles 
is a factor 2 greater than that previously .recommended in ICRP 
Publication 2. 

OBJECTIVES IN RADIOLOGICAL PROTECTION 

The objectives of the Commission stated in ICRP 
Publication 26 are to 

(a.) prevent non-stochastic effects, and 
(b) limit the occurrence of stochastic effects to an 

ас с eptable 1evel. 
To realise objective (a) the Commission .recommends for workers 
annual limits of 0.3Sv and 0.5Sv for the lenses of the eyes 
and all other tissues respectively. 

To allow objective (b) to be realised in practice, the 
Commission gives values for the risk of .radiation-induced fata.l 
cancer in individuals and of serious hereditary disease in 
their children and grandchildren and recommends values of the 
weight attaching to risk in each tissue relative to that in 
the whole body, as shown in Table I I . 
These are representative (average) values for individuals of 
all ages and both sexes. Although they are used for conven-
ience to derive limits on exposure for the 'average' case, 
it is important to appreciate that risks are greater in some 
circumstances. The risk of serious hereditary disease over all 
generations is a factor 2 greater than that shown for the first 
and second generation of offspring and 2.5 greater still when 
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irradiation takes place only during reproductive life. For 
young women the risk of radiation-induced fatal "breast cancer 
is H times greater than the value shown hut it is thought to 
be near to zero in women over Ho and in men. The risk of 
radiation-induced thyroid cancer is about 5 times greater than 
the value shown for the risk of mortality. The irradiation of 
bone calls for special mention. The value shown refers to 
endosteum, defined as the 10ym thick layer of tissue that 
covers the endosteal surfaces' of bone, which is thought to 
include the cells responsible for osteosarcoma. It may be 
necessary in the future to similarly define microscopic sites 
that are responsible for radiation-induced cancer in other 
tissues. Remainder tissue, comprising about 90 per cent of 
body mass, includes all tissues that have low radiosensitivity 
relative to those named in table II. However, for convenience 
in practice, and especially in relation to internal radiation, 
the Commission recommends that a weighting factor of 0.06 be 
assigned to each of the 5 most heavily irradiated tissues in 
this remainder. 

Clearly, to realise objectives (a) and (b) for intakes of 
radioactive materials, it is necessary to know the dose equiv-
alent received by every tissue in the body that is irradiated 
to a significant extent, i.e. it. will be necessary to have 
complete information about the uptake and retention of a 
radionuclide in all the tissues of the body. In the new report 
of Committee 2 relevant information on metabolism will be given 
for each chemical element, of interest. It is stressed that the 
information given applies to workers and the chemical compounds 
they are likely to use in their work-places. The data will 
need modification before it can be applied to populations and 
the radioactive materials in their environments. 

All the values shown in table II are the best available 
at the present time for the low doses and dose rates usually 
encountered in radiological protection. They are meant to be 
applied in the sense that risk of the effect is linearly 
related to dose equivalent, i.e. the risk arising in any tissue 
from the intake of a radioactive material is simply related to 
the risk factor shown in table II and to the resulting total 
dose equivalent averaged by mass throughout that tissue,inde-
pendent of dose rate and the way dose is fractionated. For 
the exposure of workers to radioactive materials the Commission 
recommends that the appropriate period for integrating dose 
equivalent is a working life time of 50 years and defines 
Committed Dose Equivalent, H50, as follows 

t + 50year о a . 
НБ0 = J E(t)dt 2) 

t о 
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where H(t) is the dose equivalent rate at time t and 
t is the time of intake of the radionuclide. 

о 

Therefore, for workers the risk in any tissue from intake of a 
radionuclide may be taken to be simply proportional to HSO. 
The period of integration may need to be longer for some members 
of the population. 

SYSTEM OF DOSE LIMITATION 

To achieve the objectives of radiological protection the 
Commission proposes a system of dose limitation, the main 
principles of which are as follows. 
(a) no practice shall be adopted unless its introduction 

produces a positive net benefit; 
(b) all exposures shall be kept as low as reasonably 

achievable, economic and social factors being taken into 
account, and 

(c) the dose equivalent to individuals shall not exceed the ' 
limits recommended for the appropriate circumstances by 
the Commission. 

Conditions (a)and (b) require that a cost-benefit analysis 
should be made when planning every use of radioactive materials 
and inter alia this must include an estimate of the risk that 
results from their being taken into the body. The new report 
will discuss the methods used to calculate values of H50 on 
which estimates of risk for workers can be based. With regard 
to condition (c) the new report of Committee 2 will provide 
secondary standards that limit the intake of radionuclides by 
workers. Consideration is still being given to the provision 
of corresponding standards for members of the public. 

BASIC STANDARDS FOR WORKERS 

Based on a comparison of the risks from working with 
ionising radiations and of fatalities in other occupations, 
the Commission recommends in ICRP Publication 26 the following 
limits on dose equivalent for workers. 

For non-stochastic effects 

All tissues except the lens 0-5Sv (50 rem) in a year 
Lens 0.3Sv (30 rem) in a year 
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For stochastic effects 
Uniform irradiation of the body 0.05Sv (5 rem) in a year 
Non-uniform irradiation of 
the body T, W T H T 4 0.05Sv in a year 

where w is the weighting factor for any tissue T as 
shown in table II; 
Яу is the dose equivalent received by tissue T in 
any year. 

In other words, the limit.on risk of stochastic effects is 
made the same for both uniform and non-uniform irradiation. 

ANNUAL LIMIT ON INTAKE, ALI 

For exposure to radioactive materials a limit is placed 
on the annual intake (ALI) so that the resulting Committed 
Dose Equivalent, H50, in all the tissues irradiated to a sig-
nificant extent is limited to meet the Commission's basic 
standards as follows. 

If I Bq is the annual intake by ingestion or inhalation, 
then ALI is the greatest value of I satisfying 

I Y.W H50 4 0.05Sv 3) 
T 

I H50T 4 0. 5Sv 1+) 

Я50у is the Committed Dose Equivalent (defined in 
equation 2)in a target tissue per unit intake of the 
radionuclide. 

Inequality 3) limits stochastic effects and inequality h) 
non-stochastic effects. (No case is known where non-stochastic 
effects in the lens would be limiting following the intake of 
a radioactive material). 

Since values of Uy have been recommended by the Commission 
as shown in table II, the task for Committee 2 is to derive 
values of Я50_ per unit intake of a radioactive material. 



IAEA-SR-36/52 181 

COMMITTED DOSE EQUIVALENT, Н50т 

The Committed Dose Equivalent in a target tissue T, from 
radiations emitted in a source organ S is simply the product 
of 2 factors 

(a) the total number of transformations of the radio-
nuclide in S over a period of 50 years after intake 
of 1Bq of the radionuclide, and 

(b) the energy absorbed per kg in Г, suitably modified 
for quality factor, from each radiation emitted per 
transformation in S. 

Since there will usually be a number of source organs, the 
total value of H50j, in any target tissue from the intake of a 
radionuclide is obtained by adding all contributions to HSO/p 
from the transformations in all source organs as follows 

H50T = I У X SEE(T <-S) Sv 5) 
S 

where V^ is the number of transformations of the 
radionuclide in each source organ S; 
SEE(T •*- S) (in J-kg"1) is the specific effective 
energy absorbed in T per transformation in S. 

Now Ug is simply the time integral „over 50 years of the reten-
tion function of the radionuclide in S following intake of 
the radionuclide 

и = j 5 0 y e a r
 R ( t ) d t . 6) 

о 
and SEE(T S) is given by 

SEEÍT + S) = E Уг Ег Ч ^ ^ 7) 
г М т 

where for each type of radiation г emitted by the radio-
nuclide 
Y^ is the yield of г per transformation; 
E^ is the energy (in joule) of the radiation г; 
Q£ is the effective quality factor shown in table I ; 

AFÍT + S) . is the fraction of the energy absorbed in 
T per emission of radiation г in S, and 
M„ (in kg) is the mass of organ T. 



182 VENNART 

When more than one radionuclide is taken into the hody or when 
daughter radionuclides are formed in the hody after intake of 
a radionuclide, equation 5) is modified to include contrib-
utions from all radionuclides j as follows 

Я50_ = E E [ L E SEE (T S ) .] Sv 8) 1 • г, о Ъ 
J s г J 

THE RETENTION FUNCTION R(t) 

The new report of Committee 2 will give complete inform-
ation on the fate of a radionuclide after it has entered the 
body, i.e. the retention function R(t) is given for each organ 
and tissue concerned. Usually these functions will be simple 
exponential functions of time. The major exceptions are the 
alkaline earths for which the retention functions described 
in ICRP Publication 20 [H] are used. Models describing the 
retention of radioactive materials in the routes of entry to 
the body are also described. For the respiratory system the 
model is that developed by the ICRP Task Group on Lung 
Dynamics [5] and modified as described in ICRP Publication 19 
[6]. The model for the gastrointestinal tract is based on the 
model developed by Eve [7]. 

SPECIFIC EFFECTIVE ENERGY, SEE(T «- S) 

Details of the decay schemes for all the radionuclides 
discussed in the new report will be published under separate 
cover by a Task Group based at Oak Ridge. Values of I. and 
E. will be listed,, 

г 

For- a- and ß-particles, fission fragments and recoil atoms, 
values of AF(T-^S) . will usually be either zero, when the 
target is beyond tie range of radiations from the source, or 
unity when target and source are the same tissue. The 
principle exceptions are for radionuclides in the skeleton and 
the gastrointestinal tract. A new model has been developed 
for c:-and. ß-emitting radionuclides in bone in which values are 
given for absorbed fraction in the endosteum and marrow from 
sources either within bone volume or on bone surfaces. All 
bone-seeking radionuclides are designated either 'volume' or 
'surface' seekers. Values of AF for fission fragments are 
taken to be the same as for a-particles and any contribution 
from recoil atoms is neglected. 

For ß-emitters in the gastrointestinal tract it is assumed 
that the sensitive cells receive the same dose equivalent as 
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the surface of the contents of the tract.. For a-emitters 
and fission fragments it is assumed that only 1 per cent of the 
dose equivalent at the surface of the contents is effective and 
the dose equivalent from recoil atoms is neglected. 

Values of AF for photons are taken in all cases from the 
ICRP Task Group report on Reference Man [8] as are the values 
for the masses of the organs and tissues of the hody. 

DERIVED AIR CONCENTRATION, DAC 

It is emphasised that .the limit for inhalation of a radio-
nuclide is the appropriate ALI. Therefore the concentration 
of a radionuclide in air is limited as follows 

i year 

f C(t) В(t)dt ^ ALI- 9) 
о 

where at any time t 
C(t) (in Bq-m 3) is the concentration of the 
radionuclide in air; 

B(t) (in m3 per unit, time) is the rate of breathing 
air. 

For convenience in practice the following Derived Air 
Concentration may be used circumspectly 

DAC = ALI/2000 x бО x 0.02 
= ALI/2.U x 103 Bq-m 3 10) 

where 2000 x 60 are the minutes in a working year, and 
0.02m3 is the volume of air breathed per min Ъу 
Reference Man under conditions of light activity. 

DERIVED AIR CONCENTRATION (SUBMERSION) 

In the case of exposure to elemental tritium in air it 
ma.y be shown that the principal risk arises from irradiation 
of the lung by the contained gas. A DAC for elemental tritium 
based on the annnual dose equivalent to lung and the weighting 
factor 0.12 shown in table II is given in the new report. 
However, it is emphasised that, for most cases encountered in 
practice, exposure to tritiated water in air and the consequent 
uniform irradiation of the body will be far more restrictive. 
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For exposure to airborne radioactive inert gases other 
than radon and thoron the principal risk arises from external 
irradiation of the body and, by comparison, irradiation of 
body tissues by absorbed gas is of negligible consequence . 
Therefore, submersion of the body in an inert gas is limited 
as follows. 

r
lyeccr 

1 wm Hm J C(t)dt < 0.05 Sv 11) 
rp J- J- о 

HT I УеаР C(t)dt < 0 . 5 Sv 12) 

i year 

hens I C ( t ) d t 4 °-3 S v 13) 

where H^ (in Sv.m3«Bq x.hour is the dose equivalent 
rate in any tissue T, including skin from sub-
mersion in unit concentration of activity in the 
inert gas in air; 

^Lens corresponding value for the lens of eye; 
C(t) (in Bq.m 3) is the concentration of the gas in 
air at time t, and the integration is over 1 year 
of practice. 

Inequality 11) limits stochastic effects and 12) and 13) 
non-stochastic effects to meet the Commission's basic standards. 
For convenience in practice a DAC (Submersion) is derived as 
follows 

DAC(Submersion) = f УваГ C(t)dt/2000 Bq-nf3 1*0 о 

where C(t) is the greatest concentration satisfying 
inequalities 11), 12) and 13). 

It is to be noted that the concentration in air may exceed DAC 
if exposure is less than for 2000 hours in any year of practice. 

Recommendations for limiting exposure to radon and thoron 
are at present under consideration by the Commission. 

LIMITATION BY STOCHASTIC OR NON-STOCHASTIC EFFECTS 

The limit of 0.05Sv on uniform irradiation of the body 
and the weighting factors w w recommended by the Commission 
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TABLE III. IMPLIED DOSE EQUIVALENT LIMITS FOR 
IRRADIATION OF INDIVIDUAL TISSUES 

Annual 
Tissue Wm Limit 

Sv (rem) 
Whole body 1 0, .05 ( 5) 
Gonads 0. .25 0, .2 (20) 
Breast 0. .15 0. .3 (30) 
Red marrow 0. .12 0, ,H (Но) 
Lung 0. .12 0, Л (НО) 
Thyroid 0, .03 1, .7 ( П О ) 
Bone (Endosteum) 0. .03 1, .7 (170) 
Remainder ( each 0. .06 0, .8 (80) 
of 5 organs) 

imply limits on the irradiation of separate organs to restrict 
stochastic effects as shown in table III. 

It will be noted that the implied limits for tissues of 
the lowest sensitivity to radiation-induced cancer, i.e. 
thyroid, endosteum or any of the tissues in the remainder, 
are greater than the limit of 0. 5Sv (50 rem) for non-stochastic 
effects imposed by the Commission. Therefore,when either of 
these tissues receives a much greater dose equivalent than all 
other tissues, non-stochastic rather than stochastic effects 
will be limiting. In fact non-stochastic effects are limiting 
in a large number of cases, for example when the gastro-
intestinal tract is irradiated following the inhalation and 
ingestion of very insoluble compounds. Other notable examples 
are compounds of isotopes of plutonium, long regarded as potent 
carcinogens, for which the ALIs are determined by non-stochastic 
effects in the endosteum. However, for these cases, and for 
many others, the ALI determined by non-stochastic effects is 
only marginally more restrictive than the annual intake that 
satisfies the Commission's requirements for limiting the risk 
of radiation-induced cancer and hereditary disease. In the 
new report, whenever an ALI is determined by non-stochastic 
effects the tissue responsible will be named and the somewhat 
larger value of the annual intake that satisfies the Commission's 
limit for stochastic effects will be listed in parenthesis. 
This latter value is useful for estimating the risk of 
stochastic effects, e.g. in a cost benefit analysis, and when 
considering the limit on intake of a mixture of radionuclides 
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for which a.) the summed total of stochastic effects must not 
exceed the Commission's limit, and Ъ) no tissue must receive 
more than 0,5Sv in any year. 

It will he evident that the application of a non-
stochastic limit to an ALI always reduces the risk of 
radiation-induced cancer below the limit set for those effects 
by the Commission. However there is at present very little 
information about, the nature of the non-stochastic effects 
concerned. The non-stochastic limit of 0.5Sv derives more 
from consideration of effects in the gonads (loss of fertility), 
the bone marrow (impaired haematopoiesis) , and the skin 
(cosmetic changes) rather than of non-stochastic effects in 
tissues of low sensitivity to radiation-induced cancer. 
Further research is required to identify these deleterious 
changes to allow reconsideration of the presently recommended 
threshold dose equivalent of 0.5Sv in any year for all tissues 
except the lens. 

CONTENTS OF THE NEW REPORT 

The report will be published in at least 2 volumes, each 
with a supplement. Volíme 1 will contain the main text, 
giving the methods of calculation and a separate essay on the 
metabolism of each of about 20 chemical elements followed in 
each case by a table of values of ALI and DAC for radio-
isotopes of that element which have radioactive half-lives 
greater than 10 min. Values of ALI and DAC will be given for 
one or more different classes of compounds of the element that 
are likely to be encountered at work. For inhalation, the 
values of ALI and DAC given will be appropriate for an aerosol 
of activity mean aerodynamic diameter (AMAD) of 1ym but data 
will be given to enable corrections to be made for aerosols 
of other sizes. 

The Supplement will comprise photographic reproductions 
of the 6 tables of computer print-out used to determine the 
ALIs for each radionuclide, as follows 

1. Simplified decay scheme . 
2. SEE for target tissues from source organs . 
3. No. of transformations per Bq ingested and inhaled. 
П. H50rp per Bq ingested and inhaled for each tissue 

irradiated to a significant extent. 
5. WyffSOy per Bq ingested and inhaled for each relevant 

target tissue. 
6. ALI for ingestion, ALI and DAC for inhalation, and 

where appropriate, the intake in a year that 
satisfies the limit for stochastic effects. 
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Volume 2 with its Supplement will give similar information 
on ahout a further 30 elements and Volume 3, if necessary, 
on any remaining elements having radioisotopes of importance 
in radiological protection. 

LIMITATIONS ON USE OF THE DATA 

The data given in this new report of Committee 2 for the 
exposure of workers, comprehensive as they ma.y seem, must still 
be used with circumspection. The estimates of HSO, ALI and 
DAC provided for each radionuclide are based on a great many 
assumptions which must be appreciated if these quantities are 
to be properly employed. The general models ^incorporating 
some of these assumptions are all described in the main text 
and assumptions specific to each element are discussed in the 
metabolic data for that element. It is important therefore 
that values of ALI and DAC a.re not used without careful 
consideration of the text. Committee 2 hopes that an appre-
ciation of the assumptions used will stimulate further research 
to improve the models used. It is also important that the data 
in the report are used within the framework of the Commission's 
basic recommendations described in ICRP Publication 26. In 
this respect, particular attention is drawn to paragraph 102 
of these recommendations, which implies that long continued 
exposure to radionuclides at or near their ALIs by a consider-
able group of workers would only be acceptable if a careful 
cost benefit analysis had shown that the resultant risk would 
be justified. 

The data in the report cannot normally be used directly 
for members of the public. The one exception would be for 
adults exposed to those radioactive compounds that are 
encountered in an industrial environment. In such cases, values 
of ALI and DAC will be 10 times less than those for workers, to 
meet the lower limit on annual dose equivalent set by the 
Commission for members of the public. But in general the 
Commission does not.recommend use of the data in the report to 
estimate ALIs and DACs for members of the public exposed to 
radioactive materials in the environment, e.g. by adjustment 
solely on the basis of differences in organ mass, breathing 
rate and dose equivalent limits. Committee 2 is at present 
considering this problem. 
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DISCUSSION 

M.J. SUESS: The working group of the WHO Regional Office for Europe 
concerned with the preparation of the new version of WHO guidelines for drinking 
water has used material f rom the recently issued UK NRPB.R-82. I would like 
to ask whether the values for occupational exposure given in this document 
are the same as those to be published soon by Committee 2. 

J. VENNART: The values of ALI given in NRPB.R-82 are substantially 
the same as those that will appear in ICRP-30; both are derived from the same 
basic data. However, the NRPB.R-82 values of Maximum Actionable Body 
Burden (MABB) (which is synonymous with MPBB in ICRP-2) will not appear 
in ICRP-30 for the reasons stated in my paper. 
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It must be stressed that the ALI values given in NRPB.R-82 and those due to 
appear in ICRP-30 are applicable only to workers and, as I emphasized in the 
paper, they should not be used without very careful re-examination and modification 
for limiting the intakes of radioactive materials by members of the public. 
Committee 2 of ICRP is at present discussing the advice it might give on intake 
limits for the latter group. What it hopes to avoid is the considerable labour 
involved in producing a list of ALI values anything like as comprehensive as that 
for workers which is to appear in ICRP-30. The latter publication will entail at 
least two volumes and a supplement. There will be about 500 pages of text and 
some 5000 tables of computer print-out. 

M.J. SUESS: One problem faced by WHO and presumably by other 
organizations is to "translate" the ICRP recommendations into practical quantities. 
We have used NRPB.R-82 for radiostrontium and radium and applied it in a way 
which will allow local drinking-water laboratories to judge if their water is 
below a specified "no action" level. I would like to take this opportunity of 
asking ICRP to devote some of its time to considering the type of practical 
problem with which we have to deal. 

J. VENN ART: Perhaps the best solution would be to give general advice 
on how values of ALI might be estimated from the data in ICRP-30. That 
publication, by the way, will contain a bibliography of the guidance already 
available on this subject. 

H.P. JAMMET: May I say that Committee 2 sets intake limits for two 
cases: inhalation and ingestion. Now, man breathes air and consumes food. 
He does not live by water alone and does not take in most toxic substances by 
this route. There is therefore no point in setting maximum permissible limits 
for water. 

M.J. SUESS: I could not agree more about the need to evaluate the integral 
radiation dose to man on the basis of inhalation of air and ingestion of water 
and food. However, we have to be practical and provide something simpler and 
more comprehensive for the day-to-day purposes of agencies, authorities and 
laboratories which are concerned with only one particular part of man's diet. 
This is not to say, however, that we ignore the rest of the diet. Moreover, our 
recommendations are accompanied by a detailed justification and explanation of 
the numerical figures and include details of the way the numbers should be 
applied in special cases. 

B. LINDELL: ICRP has often been asked for advice on concentration limits 
for radioactive materials in water, food and even in some unusual places such 
as on the wings of aeroplanes. This, however, is not how we should set about 
protecting the individual members of the public. The recommended method is 
to control the sources on the basis of estimated exposures in relation to the 
ICRP dose limits or limits of intake. If we look at individual samples of food or 
water, it is action levels rather than limits that are of interest. An action level, 
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however, cannot be specified unless one has first identified the action to be taken. 
In general, if no particular action is envisaged, it would not be advisable to 
establish a prior action level. It may be possible and useful, however, to give 
non-action levels, below which no action seems to be justified. Such levels should 
not be confused with limits and particularly not with the concentration values 
derived from the ICRP dose limits. 

D. BENINSON: It is impossible to have universal non-action levels for 
drinking water. The radiological significance of a certain level of radioactive 
material in drinking water depends on the size of the population using that water. 
Furthermore, the permissible levels can be more conservative when large 
quantities of water are available than when water is scarce. 

H.P. JAMMET: My previous comment was mainly an attempt to correct 
the errors which have been made in the past in the interpretation of the 
recommendations. Dr. Vennart has explained how from the primary limits set 
by ICRP, one can deduce certain derived limits in the form of annual intakes. 
The case of air is relatively simple, but ingestion includes not only water but all 
types of food as well and it is therefore impossible to use the concept of a 
derived limit. The only solution is to have recourse to the idea of "levels" as 
Dr. Lindell has suggested. 

G.W. DOLPHIN: It may be useful to point out here that the ALI values in 
ICRP-30 will not in general be very different from those derivable from ICRP-2. 
Important exceptions are the alkaline earths (calcium, strontium, barium and 
radium), where Committee 2 have used retention values from ICRP-20 which lead 
to ALIs one order of magnitude higher. 

J. VENNART: Yes, that is correct. In the majority of cases so far examined, 
the ALI values in ICRP-30 will be within a factor two of those that can be derived 
from ICRP-2. However, ICRP-30 will give values for all radioisotopes of the 
elements considered which have half-lives of more than ten minutes; a very large 
proportion of these were not considered in ICRP-2. 
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P.F. BEAVER 
Health and Safety Executive, 
London, 
United Kingdom 

Abstract 

PROBLEMS ENCOUNTERED IN EMBODYING THE PRINCIPLES OF ICRP-26 AND THE 
REVISED IAEA SAFETY STANDARDS INTO UK NATIONAL LEGISLATION. 

This paper describes the United Kingdom procedures and format for safety legislation and 
goes on to show how the necessary legislation for radiological protection will fit into the general 
framework. The United Kingdom, as a member of the European Community and EURATOM, 
is bound to implement the Euratom Directive on radiological protection within the next few 
years. The latest draft of the Directive takes account of the recommendations of ICRP-26 and 
further, a recent draft of the revised IAEA Basic Safety Standards is a composite of both the 
Directive and ICRP-26. Thus, the effect of embodying the principles of the Directive is to 
embody the principles of ICRP-26 and the Basic Safety Standards. Some of the problems which 
have been met are described and in particular there is discussion of the problems arising from the 
incorporation of the three ICRP-26 facets of dose control, namely justification, optimization and 
limitation, into a legislative package. The UK system of evolving safety legislation now requires 
considerable participation by all the parties affected (or by their representatives). This paper 
indicates that the involvement of persons affected, coupled with a legislative package which 
consists of a hierarchy of (a) regulations; (b) codes of practice; and (c) guidance notes, will 
result in the fundamental principles of ICRP-26 being incorporated into UK legislation in a 
totally acceptable way. 

1. INTRODUCTION 

The Health and Safety Executive (HSE) is in the 
United Kingdom the regulatory authority concerned 
with radiological and nuclear safety matters 
arising from the operations of persons at work. The 
HSE is answerable to the UK Parliament through the 
Health and Safety Commission (HSC), a body appointed 
by the Secretary of State for Employment. The HSC is 
a representative body and a group whereby the views 
of affected parties may be obtained, in that three of 
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its members are drawn from the employers' side of 
industry afld three from the trade union side of 
industry; a further two members represent 
regional (as distinct from national) interests. 
The Chairman of the HSC, previously a full time 
trade union official,is full time in his 
appointment; all other members axe part-time. 
The HSC's role is essentially that of policy 
formulation across the whole field of safety 
arising from work operations and, in addition, it has 
certain powers to approve supporting material (i.e 
codes of practice) in respect of legislative 
requirements. The Commission is the route whereby, 
after consultation with affected parties, proposals 
for primary legislation (regulations) may be 
submitted to Parliament for its approval. 

The day-to-day work is performed by the HSE, which 
has both enforcement and advisory functions. 
Therefore, among other duties, Staff of the HSE 
are currently engaged in a wide ranging review and 
up-date of safety legislation and guidance material. 
The HSE (and HSC) were formed in 1974 by virtue of 
an Act of Parliament called the Health and Safety at 
Work etc. Act 1974« This Act envisages a framework of 
legislative and supporting material consisting of: 

a) regulations; 

b) approved codes of practice; 

c) guidance notes. 

Thus, the current review and appraisal is aimed at, 
among other things, re-casting existing material and 
placing new material in the appropriate tier of the 
foregoing hierarchical structure. 

The Health and Safety at Work Act itself requires 
that undertakings and work operations are conducted 
in such a way as to secure, as far as reasonably 
practicable, the health and safety of both workers 
and others (e.g the general"public) who might be 
affected by the work operations. Regulations made 
under the Act will expand that basic requirement, in 
particular areas of work operations, but still 
retaining the fundamental character by expressing 
only principal objectives, in this particular case, 
of radiological protection. Thus, regulations could, 
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and should, be succinct and wide-ranging .dealing with 
broad principles and therefore,because of this, 
hopefully not likely to need frequent revision. 

To provide practical guidance with respect to the 
requirements of regulations,the Health and Safety 
at Work Act allows that the HSC may "approve" codes 
of practice embodying such guidance. The guidance 
is not in itself mandatory in law; however, non-
compliance with the guidance may be cited in legal 
proceedings as evidence of non-compliance with the 
regulations on which the code gives guidance. It 
is open to the person or organisation so accused to 
defend himself by proving that the basic requirement 
of the regulation was met using some other approach 
than that described in the code. In this way 
flexibility can be ensured, alternative ways of 
achieving the principal objectives can be allowed 
and alternative ways arising from new knowledge can 
be catered for. 

The lowest level of the hierarchic structure consists 
of guidance notes. It is intended that guidance notes 
will have no statutory force whatsoever and may deal 
with practical and operational ways of achieving safety 
without committing the user or the regulatory authority 
to a particular preferred method of achieving compliance 
with the fundamental requirements. 

The Health and Safety at Work Act requires that the 
material for regulations and approved codes of practice 
be subject to a procedure of consultation with 
interested and affected parties. The effect of this is 
firstly to introduce a delay between the time that 
drafts are prepared and the time they are submitted to 
the Commission for approval; the second effect is that 
legislative material should be generally acceptable to 
both sides of industry, on the one hand not imposing 
unreasonable burdens on management and on the other in 
ensuring the safety and health of work people. The HSC 
has (in October 1978) published its "Consultative 
Document"И, which details the proposals for legis-
lative material and guidance notes on radiological 
protection. At this stage a full analysis of the 
comments has not been made; however it is evident that 
there is widespread sympathy with the hierarchic approach 
and that there is no general disagreement with the 
proposals for fundamental requirements which, of course, 
are traceable to the Euratom Directive. 



BEAVER 

There is a duty upon the United Kingdom by virtue of its 
membership of the European Community to give effect to 
its Directives and in particular in the field of radio-
logical protection to the directives of Euratom. In 
preparing the proposals embodied in the Consultative 
Document the requirements of the 1976 Directive were 
taken fully into account. However, with the publication 
of ICRP-26, the imminent publication of a new draft 
Directive and the prospective publication of revised 
IAEA Basic Safety Standards it was thought prudent to 
leave the way open to amendment of the proposals. 
Thus, a supplement to the Consultative Document 
has been prepared,updating the earlier proposals 
in the light, essentially, of ICBP-26 and its 
consequentials. 

This paper deals with some of the problems' met 
during the preparation of the Consultative 
Document and outlines the solutions which have 
been offered. There remain problem areas and 
there are certainly areas where solutions could 
be improved on or refined. 

2. APPLICATION AND NOTIFICATION 

The United Kingdom has a well-developed regulatory 
system for the control of ionising radiations in 
industrial establishments. This system starts off 
from the point that users of ionising radiations 
are required to notify the regulatory authority at 
a specified level of use and that the regulatory 
regime is not applicable at levels of use below the 
notification level. Some instances have occurred 
where some limited controls would have been 
appropriate even below the notification level. Thus, 
the approach typified by the Euratom Directive of 
notification being merely a reference point in the 
spectrum of use and control measures appears 
advantageous. United Kingdom practice is to require 
also notification of intent to discontinue use. The 
objective of this is to ensure that premises and 
plant are left in a suitable state for future 
uncontrolled use. 

The levels of notification suggested by the Euratom 
Directive for radioactive substances are generally 
one tenth of the levels currently requiring 
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notification in the United Kingdom. No problem is 
foreseen by lowering the level since experience 
indicates that apart from schools there are no great 
numbers of users of small quantities of radioactive 
substances. The problem here is rather over the level 
of concentration of radioactive substance,which in the 
draft 1978 Euratom Directive is specified at 100 Bq-
(O.OO27 ̂ iCi.g-"'), or five times those figures for 
natural radioactive substances. Whenever such figures 
are specified there are difficulties with natural, 
re-cycled and depleted uranium and with thorium which 
may, or may not, be enhanced with thorium isotopes 
from the uranium chain. The solution is probably to go 
to fair detail as to notification limits for uranium 
isotopes and thorium in variable proportions. This 
solution is not very attractive to the drafter of 
legislation since it might tend to outweigh the other 
material and make the regulations long and complicated 
merely for a small group of users. However, in 
the UK package of legislative material it will be 
possible to delegate an explanation on this 
matter to an approved code or even a guidance note. 
It is also of concern whether or not the limit of 
concentration proposed is sufficiently low to bring 
to the attention of the regulatory authority areas 
where controls need to be exercised. The example 
of this is the bulk storage of natural thorium ores 
where both the thoron emanation and the dose rates 
appear to warrant controls being exercised. However, 
this is work carried out by only a few firms which 
have been identified in relation to other work which 
they carry out and hence a formal notification adds 
nothing to the knowledge of the regulatory authority. 

No problems are foreseen in exploiting the exemption 
procedures in respect of apparatus containing sealed 
sources - e.g fire and smoke detectors which meet the 
specified radiation emission standards. 

More problems arise in relation to the notification 
of the use of devices, machines and apparatus which 
produce ionising radiation but do not themselves 
contain radioactive substances. Clearly, there is no 
value in the regulatory authority being aware of the 
use of television sets which meet certain satisfactory 
standards. This exemption is catered for in the 
Euratom Directive. However, much depends on what is 
construed by "television". Should, for example, visual 
display units and cathode ray oscilloscopes be 
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considered, to be television receivers?. Is a television 
set a "receiver" when it is being used for playing 
games? This all becomes important because the other 
exemption in the Euratom Directive for apparatus 
emitting ionising radiations requires type approval by 
the competent authority as well as meeting radiation 
emission standards. It is arguable that the resources 
of the competent authority should be directed to other 
areas where they may be of greater benefit than in type-
approving apparatus which already meets a stringent 
emission standard. There appears to be no ready 
solution to this problem but one must be found if the 
Directive or the IAEA Standards are not to fall into 
disrepute on grounds of being excessive and expensive 
controls exercised by the regulatory authority. 

3. BASIC CONCEPTS AND TERMS 

There is still a strong traditionalist group who do not 
readily accept the use of the gray, sievert and becquerel. 
However, there is general acceptance that the legislation 
and supporting material should be expressed (as in the 
1978 Euratom Directive) in both regimes of units, 
SI being given first. This will create no 
particular problems in respect of the gray and 
sievert but considerable arguments could be 
provoked by conversion to becquerels from curies 
with or without rounding up or down. This becomes 
especially important when quoting derived working 
levels of surface contamination. These levels are 
used in current Ж legislation as the guide as to 
whether or not a given area should be controlled. 
Further, the presence of levels in excess of the 
derived working levels has constituted an offence 
under the regulations. The proposals for new 
legislation relegate derived working levels to a 
position where they are one method of deciding on 
the status of an area. The fundamental requirement 
for designating controlled areas will be that of 
the Directive, namely to identify all areas where 
the exposure of workers may exceed three tenths of 
the annual limit. Nevertheless, there will still 
be much reference by workers, managements and the 
regulatory authority to derived working levels; 
hence the importance of best possible specification. 
To meet the problem, the National Radiological 
Protection Board, the organisation charged with 
advising the UK Government on radiological matters, 
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has re-calculated the derived working levels,starting 
from first principles and working entirely in 
becquerels,seeking out and reviewing new data where 
possible. The values of derived working levels so 
obtained will be put forward for inclusion in an 
approved code of practice. 

The task of the drafter of legislation is made some-
what easier by the use of effective dose equivalent 
in that the primary legislation can be written 
entirely in terms of that concept and hence no 
distinction needs to be drawn between doses received 
from internal or external sources or between part-body 
or whole-body irradiation, apart from a few simple 
limitations for eyes, skin and extremities,based on 
non-stochastic effects. However, this does mean that 
guidance as to the annual limits of intake must be 
available. This is most readily available from a 
recent publication of the National Radiological 
Protection Board [2]. The numerical values for annual 
limits of intake will therefore be incorporated in a 
guidance note which ensures that changes are easily 
made as more calculations and more technical information 
become available. 

The use of deep and shallow dose equivalent 
indices would appear also to simplify the task 
of those engaged in formulating proposals for 
legislation. Use of the concept avoids use of 
terms such as skin dose and depth dose, avoids 
(as is currently done in the 1Ж) distinguishing 
between effects on the basis of the type of 
radiation causing the effect» Nevertheless, a 
problem is identified that those to whom the use 
of radiation is but peripheral to their interests 
would find the introduction of dose equivalent 
indices confusing, particularly if that were done 
in relation to emission standards from apparatus. 
It is too early to give an agreed solution to this 
problem. Very likely the undoubted advantage of the 
concept will prevail for personal dosimetry 
purposes but perhaps will not be widely used for 
environmental measurements and emission standards. 

4. SYSTEM OF LOSE LIMITATION 

The provision of the Euratom Directive to justify 
every activity which results in an exposure to 
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ionising radiations by reference to the advantages 
which it produces is derived from paragraph 12 of 
ICEP-26, which states "no practice shall be adopted 
unless its introduction produces a positive net 
benefit". The words of ICRP-26 are better from the 
point of view of formulation of legislation in that 
it is clear that the act of justification is a once-
and-for-all act in relation to any particular practice. 
To many the words imply generic considerations rather 
than individual considerations, i.e. one should 
consider under this heading the practice of, say, 
gauging, using radioactive sources in steel mills, 
rather than the introduction of a particular gauge to 
a particular mill. In a wider context justification 
of a practice often takes place by public debate; in 
the UK the recent public inquiry into the extension of 
the Windscale plant 3 could well be regarded as a 
public demonstration of advantages weighed against 
detriment. 

The guiding note for formulation of legislative 
proposals is that the end-product must be enforceable 
by the regulatory authority. If the requirement to 
justify were to appear in regulations,considerable 
amplification would be needed as to the mechanism 
whereby the demonstration of net benefit was to be made. 
The UK formula of regulations supported by codes of 
practice and guidance notes lends itself well to dealing 
with this problem. The present intention is that the 
basic requirement (perhaps directly in the words of 
ICEP-26) should appear in the regulations and guidance 
would appear in the guidance notes on the means whereby 
that generalised objective must be achieved. 

Clearly, there would be roles for enforcement 
authorities, advisory agencies and professional 
bodies in reaching a satisfactory conclusion in 
any particular case. 

The concept of as lov: "as reasonably practicable" 
has been used in Ж safety legislation for a 
great many years, and the meaning of the words 
has been tested in the Courts many times. 
"Reasonably practicable" implies that a computation 
must be made in which the quantrum of risk is 
placed in one scale and the sacrifice involved in 
the measures necessary for averting the risk 
(whether in money, time or trouble) is placed in 
the other. If it can then be shown that there is 
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a gross disproportion between them in that the risk 
is insignificant in relation to the sacrifice then 
the measures under consideration are considered to 
Ъе not reasonably practicable. Thus, conceptually 
"reasonably practicable" is not different from 
"readily achievable" (lCEP-22) and the techniques 
for making the necessary computations are those now 
described as cost benefit analysis. 

The present regulations applicable only in the 
limited area of industrial premises incorporate 
the requirement "to do all that is reasonably 
practicable to restrict the extent to which persons 
employed are exposed to ionising radiations". Thus, 
the proposals of the Euratom Directive and the IAEA 
Basic Safety Standards in respect of optimisation of 
doses can easily be incorporated into future Ж 
legislation. 

The third feature of ICEP-26 paragraph 12 is the 
provision that no individual shall receive greater 
than the appropriate dose equivalent limit. A system 
of dose limitation to numerical values has been a 
feature of Ж radiological protection legislation 
since the earliest regulations made during the 1940s. 
However, the new recommendations of ICEP carried 
forward by the Euratom Directive and the IAEA Basic 
Safety Standards contain some novel features, namely: 

a) doses are related to numerical values of risk 
and dose limits to a value of risk which is 
compared with industrial risk; 

b) in certain relatively isolated instances the 
numerical values and the way they are implemented 
could result in certain individuals being 
exposed to a greater extent than under previous 
recommendations. 

Present Ж factory legislation renders it an offence 
for any person to exceed the dose limit. Thus, 
employers find it necessary to remove a worker from 
further exposure as soon as he reaches the dose 
limit, otherwise an offence would be committed on 
each and every day the worker is so exposed. The 
limits presently being worked to are, of course, 
those of ICBP-9, namely, for male workers, 3 rem 
per quarter and the limit indicated by the age 
related formula D = 5 (Ы-18). Thus, depending on 



200 BEAVER 

the magnitude of the excess exposure a worker could 
be removed from further exposure for the remainder 
of the calendar quarter, the remainder of the 
calendar year or for some number of calendar years. 
There is no appeal against, or exceptions from, this 
procedure and although appropriate medical authorities 
are automatically involved they have, likewise, no 
power to allow re-employment of the worker as an 
exposed worker. Present UK legislation makes no 
provision for special treatment for planned special 
exposures or emergency exposures. 

The regime implied by paragraph 194 of ICRP-26 is 
quite different. It would allow, subject to medical 
veto, the continued exposure of the over-exposed 
worker. The Euratom Directive requires in addition 
"special surveillance" of the over-exposed worker. 
All of this raises numerous problems, for example: 

a) What criteria do the medical authorities use 
when exercising their veto? 

b) What sort of special surveillance should be 
required? How should it be described in law 
and hov; is it to be enforced? 

c) Is the new regime a reduction in standards? 
If not, how does one convince the ordinary 
worker (or his trade union) of that fact? 

d) To what extent should the worker be involved 
in decisions about his re-employment? 

These are problems for which there are no simple 
solutions. To an extent,part of the UK difficulty 
stems from the very rigid proscription in the present 
regulations but}having said that,it is clear that 
there must be a system which is fair and safeguards 
the individual yet does go some way towards the spirit 
of ICRP-26 paragraph 194. The UK solution will 
inevitably bear heavily on the medical practitioners. 

The system is such that they are either directly 
staff of the Health and Safety Executive or 
approved by the Health and Safety Executive. Thus, 
it will be an administrative matter to provide 
criteria to them to which they can operate,which 
at least ensures consistency of approach. Clearly, 
special consideration would be warranted to those 
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cases where the individuals concerned would have, 
under previous regimes, been removed from further 
exposure. 

The second major problem area in respect of the 
numerical values of dose limits hangs on the numbers 
so chosen. In many ways it has been fortunate that 
the International Commission on Radiological Protection 
has been so universally highly respected that in the 
past it has been possible to take its recommendations 
for numerical values of dose limits and introduce 
them directly into national legislation with no fear 
of challenge or dispute from any of the persons so 
affected. That situation has now changed in that 
ICKP-26 directly relates doses to quantified risk. 
This, in itself, opens the door to debate as to the 
validity of the values chosen but the most controversial 
step is to trace the logic of ICRP in reverse by 
choosing a value for "acceptable" risk which, of course, 
immediately and consequentially sets the annual dose 
limit. Paragraph 100 states that the effect of a 50 
mSv annual dose equivalent limit is to bring the average 
risk in radiation occupations into line with the average 
risk in other safe industries quoted earlier as 
"generally considered to be those in which the annual 
mortality due to occupational hazards does not exceed 
10-4». 

Debate now centres around whether the number chosen for 
safe industries is in itself a valid one and secondly 
whether,since ICRP compares average risks, account should 
be taken legislatively of those individuals who might 
exceed the average risk, leading to the thought that 
perhaps there should be controls exercised on an individual 
to ensure, so far as is reasonably practicable, that his 
work in the radiation industry does not result in an 
accumulation of dose which would result in an above-average 
risk. 

The overall mortality rate for UK manufacturing industry 
[ 4 ] is approximately 0.4 x 10~4, the safest industry, 
clothing and footwear,being about О.ОЗ x 10-4. For 
comparison the least safe of the manufacturing industries 
is shipbuilding at 1.4 x 10~4 and the construction industry, 
2.0 x 10~4. Thus, there is substantial ammunition for 
debate as to the base values chosen for risk in safe 
industry. Many of the other issues often raised in 
discussion on these matters,such as comparison of 
acute deaths in industry with the protracted and 



202 BEAVER 

deferred, deaths due to excessive radiation, i.e a 
much lower number of years of life lost, are largely 
dealt with in ICBP-27. However, paragraph 74 of 
that document says, paraphrasing, that continuous 
annual exposure at 5 rem per year is equivalent to 
an occupation with an annual fatáLaccident rate of 
3.4 x 10~4. Thus, the problem to be faced is: 
should legislation be drafted which, as written, 
would permit without legal restraint, exposures which 
give risks equivalent to, in the UK at least, well 
above the fatal accident rate for a traditional "risky" 
industry albeit that evidence indicates that very few 
people will, in the event, reach the limit and that 
most will, in fact, not exceed one tenth of it?. It is 
believed that some mechanism must be created first to 
clearly identify individuals whose exposure is likely 
to be above average and regularly approach the dose 
limit and secondly to thoroughly justify such exposures. 
Special consideration must then be given to the way in 
which the workers concerned are employed,with the 
objective of keeping their accumulated exposure at the 
end of their career on, or below, average. 

Special problems arise when considering dose limitation 
for females. ICEP-26 (at Stockholm, May 1978) stated 
"sufficient accuracy is obtained by using a single 
effective dose-equivalent limit for all workers regard-
less of age and sex". However, the Euratom Directive 
does specify special limitations for women of 
reproductive capacity and for pregnant women. These 
limits are not new and have been enforced in the UK for 
many years. However, the increasing pressure to ensure 
equal opportunity for male and female alike has put 
increasing pressures on drafters of legislation to justify 
sex specific dose limitations which might have the effect 
of discriminating against women in seeking employment. 
It is believed that the solution proposed for the UK will 
satisfactorily meet the problem. The solution depends 
upon situations where the rate of dose accumulation is, 
or may be, grossly non-uniform being identified, and only 
where such a situation has been properly identified will 
it be lawful to discriminate against women of reproductive 
capacity. 

As mentioned earlier, current UK legislation makes no 
provision for the authorisation of planned special 
exposures. However, in those âreas, such as research, 
where current legislation is not applicable it is obvious 
that the use of planned special exposures is a facility 
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which would he used only rarely. It is believed that thé 
areas where such facility might conceivably be used are 
readily identifiable in advance and further these areas 
are of a character where considerable professional 
(including medical) advice would always be available. 
Therefore it is thought that the way forward would be 
by framing legislation enabling named individuals 
who would be of high professional standing working 
in these areas to authorise planned special exposures. 
The criteria to be used in giving such authorisations 
would be at least those of ICBP-26 paragraphs 113 and 
114. 

5. OPERATIONAL CONTROLS 

A fundamental requirement of legislation is that it 
should be unequivocal and enforceable. This led in 
the current IK legislation to definitions of controlled 
areas based upon measurement of the dose rate at the 
boundary of the area. The boundary was then chosen to 
encompass all points where the dose rate exceeded or 
might exceed 0.75 mrem.h-''. In a similar fashion 
controlled areas where unsealed radioactive substances 
were being worked are defined as encompassing all points 
where the derived working level for surface 
contamination is exceeded. This style of area 
designation takes no cognisance of the actual or 
potential exposure of individuals but it can be said 
with some considerable certainty that all persons who 
never enter a controlled area will not exceed three 
tenths of the annual dose limit. However, of those 
persons who enter the area only a proportion will exceed 
three tenths of the dose limit - either because they 
remain there for insufficient time and/or because the 
exposure does not persist at a constant level for the 
whole time of their occupancy. If, as in the current Ж 
regulations, all workers who enter controlled areas for 
whatever period of time are designated (using ICRP-26 
terminology) as under Working Condition A, then large 
numbers of workers find themselves subjected to the 
consequential medical and radiological controls. 

The Euratom Directive and the Basic Safety Standards and 
ICRP-26 envisage that controlled areas should be 
defined where continued operation would give rise to 
Working Condition A. It is proposed that this basic 
definition of controlled areas should be adopted for the 
forthcoming Ж regulations. It will then be possible to 
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give guidance in an approved code of practice on the 
methods whereby areas in which Working Condition A might 
be achieved may be identified. Clearly, departure from 
determination on the basis of instantaneous dose rates 
to determinations on the basis of likely exposures of 
individuals will necessitate greater exercise of judgement 
on the part of employers and, in turn, will be less 
amenable to inspection and enforcement. 
Indeed, if (as will be the case) individual 
personal dosimetry is not a legal requirement 
for persons outside a controlled area there may 
well be no easy retrospective method of proving 
that workers have accumulated doses greater than 
three tenths of the annual dose limit. Provided 
that controlled areas are not set so generously 
so as to encompass far more than all Working 
Condition A operations the number of workers 
entering such areas who do not meet the condition 
individually as Category A workers will be 
relatively small. Nevertheless, it is proposed 
that the forthcoming UK regulations will allow that 
workers who enter controlled areas and who are most 
unlikely to exceed three tenths of the dose equivalent 
limit should be identified either individually or more 
likely by generic description and then relieved of 
the consequential obligations falling to Category A 
workers. Again, this operation will require a high 
degree of judgement to ensure that no worker entitled 
to radiological and medical supervision does not 
receive it. 

The solution which is being developed in the United 
Kingdom to deal with the problem of ensuring appropriate 
and accurate designation of controlled areas and 
categorisation of workers is to exploit the Euratom 
Directive concept of "qualified expert" whose "capacity 
to act as a qualified expert is recognised by the 
competent authority". Rather than use the term 
"qualified expert",which has other associations with 
earlier legislation,the preferred term is "Radiation 
Protection Adviser". In those cases where an employer's 
operations axe such that any person is thereby liable to 
exceed one tenth of the annual dose-equivalent effective 
limit, the legislative proposals axe that such employers 
should appoint an appropriate person (or organisation 
comprising appropriate persons) as Radiation Protection 
Adviser (НРА). In the first instance, employers may need 
guidance as to what qualifications, technical or academic, 
would be needed of an appropriate person. It is thought 
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likely that the need will, to a large extent, be satisfied 
by the professional associations of health physicists who 
have it in mind to compose registers of those individuals 
who, in the opinion of the senior members of the 
association, are fitted by virtue of academic and technical 
qualifications and training to be considered by employers 
for appointment to EPA posts. Once in post,the competent 
authority, (the Health and Safety Executive) would be 
required to recognise the capacity of the EPA to act as 
such. This is not seen as presenting severe problems 
although, hypothetically, the EPA could be restricted in 
his capacity to act by, say, lack of support by the 
employer and ascertaining this could probably only be 
done by direct inspection of the work of the EPA. 

These sorts of cases will surely be rare,as the 
saving of effort by avoiding excessive designs,tion 
of Category A workers v a i l more than compensate 
for the support efforts to an EPA. 

The fundamental duty of an EPA is therefore to 
determine the extent of controlled (and where 
appropriate supervised) areas; and to indicate the 
proper designation of Category A workers. However, 
many more advisory tasks are appropriate to him, for 
example:-

a) selection of radiation protection supervisors 
and technical aspects of their work; 

b) prior examination and review of plans for new 
equipment, installations, processes or 
modifications ; 

c) prior examination and review of operational 
procedures and storage arrangements; 

d) investigations of accidents, incidents and 
excessive exposures; 

e) the acceptance of new installations, processes, 
equipment, etc; 

f) Planned Special Exposures; 

g) training of persons on radiological protection 
matters; 
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h) interpretation and significance of radiation 
exposures; 

j) methods of complying with the requirements of 
the regulations and approved codes of practice. 

6. DOSIMETRY AMD RECORDS 

In the current UK legislation there is a requirement 
that any laboratory offering a personal film badge or 
thermoluminescent dosimeter service shall be approved 
by the regulatory authority. The criteria for approval 
have been developed over a number of years and include 
such features as quality and quantity of operating staff 
as well as availability of equipment for the handling, 
processing and calibrating of the dose meters. As the 
lav/ presently stands the records of personal doses 
produced in the approved laboratories are turned over 
to the employers of the worker concerned and the 
responsibility to preserve, keep up-to-date and 
transfer on change of employment all fall to the 
employer. The need to make new regulations affords 
an opportunity to re-think the philosophy and 
methods of operation of dosimetry laboratories. 
There are some twenty-five laboratories approved 
under the existing legislation and offering an 
industrial service. About the same number are 
outside the present legislation and offer a service 
to medical practice and to research and teaching 
establishments. In addition, there are a fair 
number of laboratories offering a personal dosimetry 
service based upon other determinations, such as 
radioactive content of excreta, whole body 
monitoring, chromosome aberration phenomena, etc. 
The proposals are that all laboratories offering a 
service which results in a determination of personal 
dose should be subject to the approvals procedure. 

The next change proposed is that each laboratory 
would retain custody of records of doses generated 
within that laboratory and would act on behalf of 
employers in preserving, updating and transferring 
records. In the special case where an individual 
worker was subject to determinations in a number 
of laboratories (such as internal content assessment 
and external dose assessment) the employer would be 
required to nominate one of the laboratories to 
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perform the summation of ICRP-26 paragraph 104 to 
deduce effective dose-equivalent. 

It is proposed that each worker for whom records are 
kept would he identified by Social Security Number in 
the record system of the approved laboratory. The 
approved laboratory would be required to update a 
central index of social security number against name 
of laboratory holding the record. In that way the 
location of any record could be identified and 
interrogation of the records of that particular 
laboratory would reveal the dose history of the worker 
concerned. On change of employment involving change of 
laboratories the procedure would be for the new employer's 
laboratory to acquire a print-out of the worker's history 
from his previous laboratory and use it to initiate a new 
record for the worker. 

Although the overall system has many of the ingredients 
necessary for an epidemiological study the latter is 
conceptually quite different from the routine dose history 
record keeping. The UK epidemiological study is conducted 
by the National Radiological Protection Board,which takes 
data from approved laboratories with the acquiescence 
of the workers concerned and considers it, together 
with cause of death, at that time. No legislation 
has been found to be necessary for the epidemiological 
study since participation is essentially by agreement 
which is universally forthcoming. 

The extent to which instruments used for radiation 
monitoring should be checked, tested or calibrated, by 
whom and at what intervals has been the subject of 
considerable debate in the UK. The position seems to 
be finalising that there will be a legal requirement 
that the performance characteristics of a given type 
of instrument must be determined and be available to 
the user or potential user. Thereafter there should 
be an annual check and a check whenever the instrument 
has been repaired that the instrument conforms with the 
performance characteristics insofar as the particular 
performance characteristics considered are relevant to 
the proposed use of the instrument. Whatever the 
nature of the check it should be such that traceability 
to appropriate national standards can be established. 
Present thinking is that performance characteristics 
should be assessed by laboratories approved by the 
regulatory authorities for that purpose or by Radiation 
Protection Advisers having appropriate facilities. The 
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annual tests should be carried out to a specification 
prepared either by an approved laboratory or by a 
Radiation Protection Adviser and actually carried out by 
an appropriate qualified person. 

It has not previously been a requirement of UK legis-
lation to preserve records of area monitoring. However, 
the need is seen to preserve sufficient of these types of 
records to aid in appropriate cases in determination of 
personal exposure. There is concern that in order to 
ensure this it may be that considerable volumes of records 
of merely transitory interest are preserved unnecessarily. 
Present proposals are that individual consideration 
should be given to the type of records preserved for any 
particular workplace and to the periods of their 
retention. 

7. CONCLUSIONS 

The 1974 Health and Safety at Work Act has operated 
together with the Euratom Directive to give the UK 
an incentive to revise and update its legislative 
material on radiological protection. In doing this 
full account is being taken of ICRP-26 and other 
international recommendations. Although such an 
exercise is not without its problems it is nov; clear 
that the necessary flexibility to cover all types of 
users can be incorporated into the legislative package 
without any detraction to radiological safety of workers 
and the general public. In essence this comes down to 
identifying basic and fundamental requirements and 
making them legal requirements by inclusion in statutory 
regulations. All supporting material, depending on its 
status, can then be located in either approved codes of 
practice or guidance notes. An essential feature of the 
regulatory package is the recognition of the place and 
role of the Radiation Protection Adviser who, in particular, 
advises hov; the fundamental requirements may best be met in 
any individual circumstance. 

In this way the UK will meet its desire, obligations and 
duties to give effect to the recommendations of the 
International Commission on Radiological Protection, the 
International Atomic Energy Agency and Euratom. 
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DISCUSSION 

J. WEBER: You discussed the relation between national legislation, the 
recommendations of ICRP, the basic IAEA safety standards and the directives 
of the European Community. While national legislation may or may not follow 
the ICRP recommendations, there is an obligation to observe the directives of 
the European Community and (to a lesser extent) the basic IAEA safety standards. 
Before the national authorities can decide about their position, consultations 
have to be held with various bodies and advisory committees. In the Netherlands, 
the authorities are experiencing difficulty in formulating their opinion before 
they receive the reports of these committees. This is due to the fact that there 
is a relatively short time between the publication of ICRP recommendations and 
the appearance of drafts for the basic safety standards and directives. Could 
you comment on this? 

P.F. BEAVER: I agree that time-tabling of consultations and the preparing 
of drafts for legislation based upon international recommendations and require-
ments present severe problems. We find it necessary to maintain a very nearly 
continuous informal dialogue with interested organizations and national 
committees. It is important to ensure that such groups are made aware of the 
proposals of international bodies and the possible implications as soon as possible 
so that they may make an earlier start towards formulating their views. 

M.R. NUYTS: Qualified experts engaged on the implementation of the 
dose limitation system in facilities are expected to apply the principle of 
optimization. I would like to ask if the British legislation includes (or will include) 
any explicit directives to this effect. 

P.F. BEAVER: An important part of the work of the "qualified expert" 
will be to advise on the applications of the principles of "ALARA" and opti-
mization with respect to activities within his area of responsibility. This duty 
will be referred to in the prospective United Kingdom legislation. 

M.R. NUYTS: If the legislative measures are restricted to codes of practice 
and guidance notes, do you not think that their force will be extremely limited? 
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P.F. BEAVER: The effect of codes of practice and guidance notes has to 
be seen in the light of the new United Kingdom enforcement system whereby 
inspectors of the regulatory authority can refer to the guidance in codes when 
checking for compliance with the fundamental standards contained in the 
regulations. We believe that the overall system does not lead to any reduction 
in effectiveness compared with an exclusively regulatory regime — indeed 
just the opposite! 
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Abstract-Résumé 

IMPACT OF THE NEW REGULATIONS ON THE FUTURE OF NUCLEAR MEDICINE. 

On 10 February 1934 Pierre Curie and Frédéric Joliot announced that they had isolated 
the radioisotope 15P. This marked the beginning of the selective use of artificial radioisotopes 
in medicine, a discipline which was to prosper under the name of nuclear medicine. Nuclear 
medicine has expanded rapidly as a result of the production of radioisotopes — now being 
carried out on an industrial scale — and the development of methods and equipment associated 
with their use. At the same time, radiation protection saw a similar expansion through the 
development of recommendations, working and protection techniques and regulations on its 
application. At the Saclay Nuclear Research Centre, in order to take into account temporary 
increases in the dose equivalent rate from exceptional work, incidents and maintenance work, 
the Radiation Protection Section has established alimit for dose equivalent rate of 0.25 mrem/h for 
facilities in normal operation. The technical resources and staff needed for producing radio-
isotopes are accommodated in three buildings and constitute a basic nuclear facility. That the 
operation of the facilities is safe is demonstrated by the fact that the average monthly exposure 
of employees engaged in fabrication is only 25 mrem/man (except for the employees belonging 
to two critical groups), but this optimization has a marked effect on the cost price of the 
containments, and therefore on that of the products. In order for radiation protection to be 
effective, high-performance equipment for collective monitoring of radiation is required. To 
answer this need a data processing control panel was recently put into operation 
which operates very satisfactorily — though the investment required was very large. The 
uzilisation of radioisotopes necessitates their transport to hospital departments possessing 
the appropriate equipment. It is to be feared that any change in the regulations affecting either 
transport or equipment would bring about far-reaching modifications in the present infra-
structure, and thereby an increase in costs, which would necessarily affect the finances of 
organizations such as those which provide social security. Before it is too late an alarm should 
be sounded: extensive efforts have been agreed to in order to keep the exposure of staff 
at the lowest possible level, but further limitations could have an irremediable effect both on 
production and probably on nuclear medicine in general. 

INCIDENCE DE LA NOUVELLE REGLEMENTATION SUR L'AVENIR DE LA MEDECINE 
NUCLEAIRE. 

Le 10 février 1934 Pierre Curie et Frédéric Joliot annonçaient qu'ils avaient isolé l'isotope 
radioactif ?°P, point de départ de l'utilisation sélective des radionuclides artificiels en médecine, 
qui allait prendre son essor sous le nom de médecine nucléaire grâce à la production de radio-
éléments, qui atteint aujourd'hui un stade industriel, et au développement des méthodes et 
appareils associés à leur utilisation. Dans le même temps la radioprotection suivait une 
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progression parallèle sous forme de recommandations, de méthodes de travail et de protection, 
et de décrets d'application. Au Centre d'études nucléaires de Saclay, pour tenir compte des 
augmentations temporaires du débit d'équivalent de dose à l'occasion de travaux exceptionnels, 
des incidents et des travaux d'entretien, le Service de protection contre les rayonnements a 
fixé à 0,25 mrem/h le débit d'équivalent de dose des installations en fonctionnement normal. 
Les moyens techniques et humains nécessaires à la production des radioéléments sont regroupés 
dans trois bâtiments et constituent une installation nucléaire de base. La sûreté de fonctionne-
ment des installations se traduit par une exposition moyenne mensuelle pour les agents affectés 
à la fabrication de 25 mrem/agent (à l'exception de ceux constituant deux groupes critiques), 
mais cette optimisation a une forte incidence sur le prix de revient des enceintes, donc des 
produits. La radioprotection elle-même a besoin, pour son efficacité, d'installations de contrôle 
collectif des rayonnements très performantes. Pour répondre à ce besoin, un tableau de contrôle 
a été récemment mis en service, qui fait appel au traitement de l'information et dont le 
fonctionnement est très satisfaisant, mais qui a exigé un investissement particulièrement lourd. 
L'utilisation des radioéléments implique leur transport jusqu'aux services hospitaliers qui 
disposent d'équipements où ils sont mis en œuvre. Il est à craindre que, dans l'un et l'autre 
cas (transport et équipements), toute modification de la réglementation actuelle n'entraîne de 
profondes modifications de l'infrastructure en place, donc un surcroît de dépenses qui aurait 
forcément des incidences sur les finances d'organismes du type de la Sécurité sociale. Il 
paraît donc opportun tant qu'il en est encore temps, de lancer un signal d'alarme: de gros 
efforts ont été consentis pour maintenir au niveau le plus bas possible l'exposition du personnel 
mais de nouvelles limites pourraient avoir des incidences pratiques irrémédiables pour les 
productions et probablement pour la médecine nucléaire. 

1. RADIOELEMENTS ET MEDECINE NUCLEAIRE 

Le 10 février 1934 Pierre Curie et Frédéric Joliot annonçaient qu'ils avaient 
isolé l'isotope radioactif 15P. Ce fut le point de départ de la fabrication d'un très 
grand nombre de radionuclides artificiels et de leur utilisation sélective en 
médecine, technique qui s'est développée sous le nom de <Médecine nucléaire} 
et qui touche à la fois au diagnostic et à la thérapeutique. 

L'aspect diagnostic est très important et la radioimmunologie a favorisé sa 
rapide progression. 

L'aspect thérapeutique est important par ses applications liées à l 'effet des 
rayonnements sur les tissus des différents organes qui composent le corps humain. 
Il se présente sous trois formes principales: 

— la radiothérapie (utilisation la plus connue: la cobalthérapie), 
— la thérapie nucléaire métabolique, basée sur l'avidité de certaines molécules 

pour l'organe à traiter (exemple le plus connu: corps thyroïde et iode), 

— la thérapie nucléaire de contact (utilisations les plus connues: colloïdes 
(or-198) et fils implantés sous les tissus à traiter (iridium-192). 

Mais la médecine nucléaire n'a pu se développer que grâce à la mise au point 
et à la production d'isotopes radioactifs, qui, en 25 ans, a atteint un stade industriel, 
délivrant sous différentes formes quelque vingt radionuclides, couramment 
utilisés dans les services de médecine nucléaire. 
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Parallèlement se développaient les méthodes et les appareils associés à leur 
utilisation. Nous avons ainsi affaire, à présent, à une véritable spécialisation 
médicale, la médecine nucléaire apportant à la médecine clinique des informations 
et des données d'une telle précision que les diagnostics deviennent de plus en plus 
une certitude. 

2. RADIOELEMENTS ET PROTECTION 

2.1. Radioprotection et législation 

De la découverte de la radioactivité par Becquerel (1896) et du radium par 
Marie Curie (1898) jusqu'à l'utilisation du nucléaire comme puissante source 
d'énergie, la radioprotection ne fit guère de progrès, mais l'idée faisait son chemin, 
puisque la CIPR fut constituée au deuxième congrès de radiologie en 1928. 

Dès l'après-guerre par contre, un ensemble complet de recommandations, 
de méthodes de travail et de protection a vu le jour. Le 20 juin 1966 paraissait 
en France le premier décret sur les normes de radioprotection concernant les 
travailleurs et la population, complété par ceux du 15 mars 1967 et des 18 et 
24 avril de la même année, s'appliquant plus particulièrement aux travailleurs et, 
plus récemment (28 avril 1975) ceux relatifs à leur protection dans les installations 
nucléaires de base. 

Dans les centres d'études nucléaires français, les grandes orientations, en ce 
qui concerne la radioprotection, sont étudiées en collaboration étroite avec les 
services de protection contre les rayonnements sous le double aspect de la 
contamination et de l'irradiation. Chez nous, chaque nouveau dispositif et 
nouvelle installation fait l 'objet d'un Mossier technique»; y figurent, avec 
l'implantation des appareils, le descriptif des opérations effectuées, les dispositions 
prises pour le confinement de la contamination (mesure des débits, des renouvelle-
ments d'air, des dépressions; qualité de l'étanchéité des enceintes) et, lorsque 
c'est le cas, les protections contre l'irradiation (épaisseur et homogénéité des 
blindages nécessaires à la protection normale des travailleurs du Centre d'études 
nucléaires de Saclay), qui doivent prendre en compte les augmentations temporaires 
du débit d'équivalent de dose, à l'occasion des travaux exceptionnels, des incidents 
et des travaux d'entretien. Par suite, et ceci est très important, les dispositifs de 
protection doivent être étudiés de façon à limiter le débit moyen d'équivalent 
de dose à 0,25 mrem/h en fonctionnement normal (rappelons que le débit de dose 
maximal admissible défini par la CIPR est de 2,5 mrem/h). Politique qui conduit, 
certes, à une protection accrue du personnel, mais qui a forcément une très forte 
incidence sur le coût de nos installations, donc de nos produits. 
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2.2. Production des radioéléments en France 

Les bâtiments 

Les moyens nécessaires à la production et la commercialisation des radio-
éléments ont été implantés au Centre d'études nucléaires de Saclay, dans trois 
bâtiments situés à l'est du site qui constituent au regard de notre législation une 
Installation nucléaire de base. 

Les équipements 

Les produits biomédicaux sont fabriqués dans la partie centrale du bâti-
ment principal, dans laquelle nous disposons de 75 enceintes blindées étanches 
dont seuls les deux tiers sont pratiquemment en fonctionnement, en raison des 
discontinuités de production et de leur incidence sur les moyens nécessaires, 
qu'il faut en permanence adapter à l'accroissement de la production. Chaque 
laboratoire est équipé de trois enceintes. 

Les sources médicales sont préparées dans une autre aile, constituée de deux 
parties distinctes. Dans la plus longue est implantée une ligne de cinq enceintes 
lourdes, dont l'élément constitutif de base est le béton lourd, dans l'autre, une 
piscine de stockage du cobalt-60 d'une capacité de 2 ООО 000 Ci. 

Le personnel 

Trois cents agents environ travaillent dans cette unité; deux cents d'entre 
eux environ sont classés dans la catégorie des travailleurs directement affectés 
aux travaux sous rayonnements. 

Les produits manipulés 

Ils peuvent être répartis en deux catégories principales: les produits 
d'origine chimique (radiochimique et radiopharmaceutique), et les sources médicales 
(sources utilisant les rayonnements, essentiellement ßy). 

3. SURETE DES INSTALLATIONS 

Le respect strict des réglementations et consignes de radioprotection en 
vigueur au Centre d'études nucléaires de Saclay a eu comme résultat un fonctionne-
ment très sûr de nos installations et une radioprotection du personnel de production 
très satisfaisante. L'exposition mensuelle moyenne est de l'ordre de 25 mrem par 
agent. 
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Toutefois, il est bon de rappeler que le prix de revient moyen de nos 
installations de production est nettement supérieur à celui d'une installation 
identique répondant à la réglementation usuelle; nous citerons un exemple 
significatif: nous avons dû équiper les trois premières enceintes de notre chaîne 
de production de générateurs de technétium-99 à usage médical d'une protection 
de 15 cm de plomb pour assurer un débit d'équivalent de dose <0 ,25 mrem/h 
(norme exigée parle Service de protection contre les rayonnements) alors que 
10 cm auraient suffi pour un débit < 2 , 5 mrem/h, ce qui conduit à un surcoût 
de 30% environ. 

Nous répondons ainsi aux conditions d'optimisation puisque pour un 
équivalent de dose collectif, l 'augmentation du coût de la protection par unité 
d'équivalent de dose contrebalance la réduction de la nuisance par unité 
d'équivalent de dose. 

Néanmoins, l'optimisation de nos moyens de production n'a pas apporté 
d'amélioration aussi nette au niveau des groupes critiques constitués par les 
agents travaillant dans les «locaux actifs) et dans le hall d'expédition. 

Les missions du groupe des travailleurs {locaux actifs» sont celles d'un 
soutien technique aux unités de production et constituent essentiellement à 
sortir les produits finis des enceintes, les conditionner et les transférer vers le 
hall d'expédition. La plupart de ces opérations se font manuellement. Or nos 
productions sont conditionnées de telle sorte qu'elles puissent répondre aux 
normes actuelles de transport: débit de dose au contact <200 mrad/h. 

Leur manipulation entraîne malgré les précautions prises une irradiation 
externe non négligeable qui nous a conduit à prendre des mesures qui nous ont 
permis d'assurer au personnel affecté à ces travaux une exposition cumulée 
inférieure à <2 ,5 rem/an. 

Les missions du groupe des travailleurs {hall d'expédition» sont du même 
type: centralisation, tri, emballage et livraisons (aéroports, chemins de fer, services 
de médecine nucléaire) de toutes nos productions, opérations qui se font également, 
jusqu'à présent, manuellement, et qui ont amené un accroissement régulier de 
l'exposition cumulée annuelle des agents concernés. Des améliorations apportées 
aux installations nous ont permis dès 1973 de ne pas dépasser 2,5 rem/an et de 
nous stabiliser ensuite aux environs de 2 rem/an. 

Notre souci de la bonne protection de notre personnel et de nos installations 
vient de se traduire tout récemment par la mise en service d'un nouveau tableau 
de contrôle des rayonnements (en application des recommandations de la 
Commission internationale de protection radiologique et des décrets français du 
15 mars 1967 et du 28 avril 1975) faisant appel au traitement de l 'information: 
tous les résultats des mesures fournies par les détecteurs de rayonnements ou de 
contamination sont regroupés et exploités par un centralisateur qui, après traite-
ment par un calculateur, assure les fonctions suivantes: 
— visualisation sur écran de la valeur précise des niveaux d'exposition à l'irradiation 

externe et à la contamination, 
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— signalisation lumineuse et sonore de tout changement de plage des niveaux 
d'exposition, 

— tracé des courbes de variation des niveaux d'exposition. 
Ce tableau est associé à un tableau de contrôles techniques qui assure 

l'exploitation des fonctions techniques du bâtiment (ventilateurs, effluents, 
réseaux électriques, détection incendie) ainsi que le contrôle permanent du niveau 
d'eau de la piscine de stockage du cobalt-60, et règle, conformément à la législation 
(décret du 28 avril 1975), l'accès à certaines zones à séjour limité. Bien que 
particulièrement onéreux, ce type d'investissement nous paraît indispensable pour 
contrôler de façon efficace le risque radioactif et protéger le personnel. 

4. UTILISATION DES RADIOELEMENTS 

La médecine nucléaire achète nos radioéléments, mais leur utilisation implique 
leur transport du lieu de production aux services hospitaliers et, sur place, des 
équipements sûrs et répondant à la législation sur la protection contre les rayonne-
ments ionisants. Il est à craindre que toute modification profonde de la réglementa-
tion actuelle n'entraîne des modifications des normes de transport dont 
l'application serait lourde de conséquences: containers de transport plus 
volumineux ou beaucoup plus lourds - ce qui rend les transports beaucoup plus 
chers — , augmentation du nombre d'agents affectés à ces travaux. 

Les conséquences seraient aussi très importantes pour les services de médecine 
nucléaire qui sont équipés d'enceintes d'un modèle convenant parfaitement à leurs 
besoins, associées à des moyens de manipulation adaptés aux techniques 
opératoires qui y sont couramment pratiquées et qui répondent aux trois 
principes que la Commission recommande d'appliquer: justification de 
l'irradiation — optimisation de la protection — limitation de l'irradiation. Toute 
modification de la réglementation aurait probablement comme conséquence un 
surcroît de dépenses lié au remplacement de toute l'infrastructure mise en place, 
qui ne serait pas nécessairement compatible avec les possibilités financières de la 
Santé publique et aggraverait sûrement le déficit d'organisations du type de la 
Sécurité sociale. 

5. CONCLUSIONS 

Nous nous sommes efforcés, dans notre unité, de rechercher constamment 
le meilleur outil de travail en améliorant la protection. 

Le souci d'une bonne gestion financière, même si elle ne vise pas à obtenir 
un profit, donne les limites de ce problème. 
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L'amélioration constante de la protection est louable et nous sommes de 
ceux qui souhaitent l'accélérer, mais il nous semble aujourd'hui sinon nécessaire, 
tout au moins opportun de donner un signal d'alarme: les charges financières 
liées aux investissements, nous l'avons vu, et nul d'entre nous ne l'ignore, sont 
lourdes dans l'industrie nucléaire. Nous avons programmé le développement de 
nos moyens de production et l 'équipement des services de médecine nucléaire 
en tenant compte des normes de radioprotection actuellement en vigueur. Les 
nouvelles recommandations prévoient que la prévention absolue des effets non 
stochastiques est assurée par la limitation de l'irradiation de tous les organes à 
un équivalent de dose de 50 rem/an (0,5 Sv), ce qui ne nous pose pas de problèmes 
fondamentaux. 

Il en serait de même si, pour la prévention des effets stochastiques, la limite 
de dose pour le corps entier restait fixée à 5 rem/an (0,05 Sv). Par contre nous 
serions confrontés à des difficultés de tous ordres (techniques, humaines et 
financières) si, comme nous avons pu l'entendre au cours de réunions d'informations 
tenues en France sur ce sujet, la limite de dose, pour le corps entier, devait être 
abaissée à 1 rem/an (0,01 Sv). Nous sommes de ceux qui admettent que toutes 
les expositions doivent être maintenues au niveau le plus bas que l'on peut 
raisonnablement atteindre; nous sommes, par contre, en droit de nous demander 
s'il serait raisonnable de recommander des limites qui pourraient être imposées un 
jour et qui, en ce qui concerne plus particulièrement la médecine nucléaire, 
pourraient remettre en cause son existence même. Ici aussi nous pensons qu'il 
ne faut jamais perdre de vue que le mieux est souvent l'ennemi du bien. 
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Abstract-Résumé 

A MULTI-ATTRIBUTE APPROACH TO T H E RATIONALIZATION O F RADIATION 
PROTECTION OPTIONS. 

The recent r ecommenda t ions of the ICRP demonst ra te a desire on the part of those 
in charge of radiat ion pro tec t ion to acquire tools which will assist t hem in the decision-
making process by "ra t ional iz ing" the opt ions . Application of the ALARA principle requires 
the use of quant i ta t ive me thods such as cost-benefit , cost-effectiveness, mult i -a t t r ibute and 
other analyses. An example is presented of the application of a mult i -at t r ibute analysis in 
connect ion with the de terminat ion 6f A L A R A levels for the light-water fuel cycle. Thir ty-
nine processing op t ions for waste f rom di f ferent fuel cycle facilities have been identif ied. 
These are categorized on the basis of cost , of per formance in te rms of reduct ion of collective 
and individual de t r iment and, f inally, of a subjective index of data reliability. Mult i-at t r ibute 
analysis can be used for classifying op t ions on the basis of these four criteria. In particular, 
a me thod k n o w n as " to ta l outclassing analysis" can be used for initial classification of op t ions 
independent ly of the "implicit value of h u m a n l i fe". The value of to ta l outclassing analysis 
lies in the fact tha t it can be used for a classification of op t ions which takes collective and 
individual de t r iment simultaneously in to account . It t hus represents a satisfactory synthesis 
of the individual approach (critical groups) and the collective approach. A finer classification 
can be obtained by carrying ou t a non- to ta l outclassing analysis ( E L E C T R E method) . At this 
stage the weighting of criteria becomes a necessity. The results, however , are fairly insensitive 
to modif ica t ion of the "implicit value of human life". Generally, the study shows tradi t ional 
radiation pro tec t ion op t ions to be just i f ied, especially where the t rapping of iodine in reactors 
is concerned, and stresses the value of retaining noble gases in reprocessing plants. 

* Cet te communica t ion résume une é tude e f fec tuée par le Centre d ' é tude sur 
l 'évaluation de la protect ion dans le domaine nucléaire, dans le cadre d ' u n contra t avec 
l 'Association Eura tom/CEA-Dépar tement de protect ion. 
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UNE APPROCHE MULTICRITERE DE LA RATIONALISATION DES CHOIX DE 
RADIOPROTECTION. 

Les récentes recommandations de la CIPR traduisent la volonté des responsables de la 
radioprotection de se doter d'instruments d'aide à la décision susceptibles de rationaliser» 
les choix de protection. L'application du principe < ALARA» nécessite la mise en oeuvre de 
méthodes quantitatives telles que l'analyse coût-avantage, coût-efficacité, multicritère, etc. 
On présente un exemple d'application d'une analyse multicritère dans le cadre de la détermina-
tion de niveaux ALARA pour le cycle du combustible à eau légère. Trente-neuf options de 
traitement des effluents provenant des diverses installations du cycle du combustible ont été 
identifiées. Celles-ci sont caractérisées par leur coût, leur performance en termes de réduction 
du détriment collectif et du détriment individuel et, enfin, par un indicateur subjectif de 
fiabilité des données. L'analyse multicritère permet de classer les options compte tenu de 
ces quatre critères. En particulier, l'analyse dite en •< surclassement total» permet de parvenir 
à une première classification des options indépendamment de la < valeur implicite de la vie 
humaine»». L'intérêt de cette analyse en surclassement total tient à ce qu'elle permet de 
classer les options en tenant compte, simultanément, du détriment collectif et du détriment 
individuel. Elle constitue ainsi une synthèse satisfaisante des approches individuelle (groupes 
critiques) et collective. Une classification plus fine peut être obtenue en effectuant l'analyse 
en < surclassement non total» (méthode ELECTRE). A ce stade la pondération des critères 
devient une nécessité. Les résultats sont toutefois assez peu sensibles à une modification de 
la <<valeur implicite de la vie humaine». D'une façon générale, l 'étude confirme les choix 
de protection traditionnels, notamment à propos du piégeage des iodes dans les réacteurs, 
et souligne par ailleurs l'intérêt de la rétention des gaz rares dans les usines de retraitement. 

Le Probleme à traiter : un exemple de recherche des niveaux "ALARA". 

Le problème que nous considérons ici est celui de la 

détermination des options de protection du public qui conduisent, 

en régime normal de fonctionnement des diverses usines du cycle du 

combustible (eau légère), aux niveaux d'équivalent de dose (1) "les 

plus faibles que l'on puisse raisonnablement atteindre compte tenu 

des aspects économiques et sociaux : ALARA". (2) 

La détermination des niveaux "ALARA" résulte d'une pro-

cédure d'arbitrage entre les dépenses de protection et le risque 

sanitaire que celles-ci permettent d'éviter. En effet, dans la me-

sure où le risque radiologique est supposé sans seuil, il n'est pas 

possible de se fixer pour objectif la réduction du risque ä zéro. 

Le coût de protection deviendrait en effet insupportable pour l'in-

dustrie électronucléaire et d'ailleurs il n'est pas certain qu'il 

(1) Par abus de langage on parlera dans la suite de "dose" au lieu 

"d'équivalent de dose". 

(2) "ALARA" : As low as reasonably achievable economic and social 

considerations taken into account". [2] [з] 
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soit possible, techniquement, de parvenir à un niveau de rejet ri-
goureusement nul. Dans une telle situation, le problème est de dé-
terminer un niveau de protection qui puisse être jugé "raisonnable" 
eu égard aux coûts d'un côté et au risque sanitaire de l'autre. Il 
s'agit donc bien, pour les pouvoirs publics qui doivent tenir compte 
de ces points de vue contradictoires, de parvenir à l'arbitrage le 
plus satisfaisant (explicite) possible entre les considérations 
d'ordre sanitaire et d'ordre économique. 

La Commission Internationale de Protection Radiologique 
(CIPR) suggère le recours à une procédure d'arbitrage fondée sur une 
analyse coût-avantage. Or, cette dernière ne constitue qu'un exemple 
parmi les multiples méthodes dites "d'aide à la décision" suscepti-
bles d'être mises en oeuvre dans le contexte de la radioprotection. 
Nous nous proposons d'explorer l'une de ces méthodes : l'analyse 
multicritère. [l] 

Compte tenu du caractère méthodologique de l'étude, il 
n'est pas apparu indispensable de mettre un accent particulier sur la 
collecte des données, ceci d'autant plus qu'il existe déjà certaines 
études sur le cycle du combustible telles par exemple celles réali-
sées par l'U.S.A.E.C. et par l'EPA aux Etats-Unis, [a] [5] Nous avons 
choisi d'extraire nos données de l'étude de l'EPA, laquelle constitue 
précisément un exemple d'application de la méthode coût-efficacité 
en vue de la détermination de "normes" pour le cycle du combustible 
à eau légère. Ceci nous permettrait dès lors de comparer deux métho-
des décisionnelles (coût-efficacité, multicritère) apparaissant 
comme des alternatives à l'approche coût-avantage. 

Présentation du problème traité. 

Le système étudié par l'EPA est constitué par l'ensemble 
du cycle du combustible, sauf la mine, le transport des matières et 
la gestion des déchets. 

Le cycle est formé d'un certain nombre d'installations 
"types". 

- L'usine de traitement du minerai traite 600 000 t de mine-
rai par an en vue de produire 1 140 t d'U^Og. 

- L'usine de conversion transforme, chaque année, 6 000 td'U30( 

en 7 600 t d'UF6. 

- L'usine d'enrichissement du minerai permet d'obtenir 4 700 t 
d'UF6 enrichi à partir de 29 000 t d'UF6 par an. 



222 LOMBARD et OUDIZ 

- L'usine de fabrication du combustible assure chaque année la 
production de 1 040 t d'U02 à partir de 1 350 t d'UF6 enri-
chi . 

- Le réacteur à eau légère de 1 000 MWe nécessite annuellement 

40 t d'U02 soit 35 t d'U enrichi à 3,2 %. Le taux d'irra-

diation est de 33000 M W • d/t. 

- L'usine de retraitement a une capacité de 1 500 t. Elle re-
traite le combustible provenant des réacteurs décrits plus 
haut. 

Les options de traitement. 

L'EPA a recensé 39 options de traitement des effluents 

provenant des usines précédentes. 

Pour chacune de ces options l'EPA donne les éléments per-
mettant de calculer très aisément : 

1) - la diminution de la dose annuelle (mrem/an) à l'organe 
critique de la personne du public la plus exposée, en-
traînée par le recours à l'option, 

2) - le nombre d'effets sanitaires évités grâce à la mise en 

oeuvre de l'option, ceci pour 30 ans de fonctionnement 
de l'usine, 

3) - le coût total actualisé sur 30 ans de l'option. 

Une approche multidimensionnelle. 

Notre étude a pour objet de classer les 39 options en 
vue de sélectionner les plus performantes sur le plan de la réduc-
tion des risques individuel et collectif, compte tenu de leur coût. 
A partir de cette sélection, il est possible de déterminer des ni-
veaux "ALARA" pour le cycle du combustible à eau légère. 

Dans la perspective du classement puis de la sélection 
des options, il nous a paru essentiel de conserver les diverses fa-
cettes du risque sanitaire et du coût de protection. En ce qui con-
cerne ce dernier, il est possible de recourir à'un indicateur unique 
agrégeant l'investissement, l'exploitation et l'entretien : le coût 
total actualisé. Pour ce qui est du risque sanitaire, il est certes 
possible de concevoir un indicateur unique susceptible de rendre 
compte de l'aspect collectif du risque, des groupes les plus exposés 
(groupes "critiques") voire des travailleurs, dont l'exposition peut 
varier en fonction des options de protection retenues. 
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Il nous a paru préférable de conserver la multidimension-

nalité du risque en introduisant : 

a) - un indicateur du risque collectif : le nombre d'effets sani-
taires dans la population générale, 

b) - un indicateur du risque subi par les groupes critiques : 
le maximum des doses individuelles. 

Le manque de données ne nous a pas permis d'introduire 
un indicateur correspondant au risque subi par les travailleurs. 

Enfin, le fait que les options considérées ne sont pas 
toxites également rodées nous a incité à quantifier à l'aide d'une 
échelle assez grossière 0 - 5 - 10 - 15 - 20 la fiabilité relative 
des données de coût et d'efficacité fournies par l'EPA. 

Présentation de la méthode multicritère ELECTRE 1. 

Il existe de nombreuses méthodes multicritères. On peut 
les classer grossièrement en deux grandes catégories : celles qui 
agrègent les divers critères en un indicateur unique et celles qui, 
ne pouvant agréger, procèdent par comparaison ou préférences succes-
sives. Les résultats obtenus à partir des méthodes de la première 
catégorie sont en général plus fins, mais ils requièrent* des données 
plus détaillées et plus nombreuses. Les seules données de l'EPA ne 
nous permettaient pas de choisir une méthode agrégative, car nous 
étions dans l'impossibilité de définir un "bon" indicateur unique 
du risque sanitaire ou des utilités, sans disposer de renseignements 
complémentaires faisant l'objet d'un consensus. Nous avons choisi, 
en définitive, une méthode basée sur le concept de surclassement : 
ELECTRE 1. [6] 

Les méthodes de surclassement ont pour but de sélection-
ner, parmi un ensemble d'objets E, un sous-ensemble S, appelé NOYAU, 
vérifiant les deux propriétés suivantes : 

- tout objet éliminé (n'appartenant pas au noyau) est surclas-
sé par au moins un des objets du noyau (propriété de stabi-
lité externe) , 

- aucun objet retenu (appartenant au noyau) n'est surclassé 
par un autre objet du noyau (propriété de stabilité interne). 

Dans certains cas, on peut déterminer des surclassements 
TOTAUX (un objet i surclasse totalement un objet j si, et seulement 
si, i est "meilleur ou égal" à j pour TOUS les critères). Si l'on ne 
peut définir suffisamment de surclassements TOTAUX^ou si l'on veut 
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affiner certains résultats, il faut alors envisager le recours à des 
surclassements non totaux. L'objet i sera alors préféré à l'objet j 
si les "inconvénients" liés aux critères pour lesquels j est "meil-
leur" que i peuvent être assumés. La méthode ELECTRE 1 évalue les 
"inconvénients " encourus au moyen de deux indices : 

l'indice de concordance cij qui traduit la concordance exis-
tant entre l'hypothèse "i surclasse j" et l'ensemble C(i,j) 
des critères pour lesquels i est"meilleur ou égal" que j 
(si i surclasse totalement j : cij = l)i 

l'indice de discordance dij qui reflète l'ampleur du regret 
que l'on peut avoir en choisissant i plutôt que j (si i sur-
classe totalement j dij = 0). 

Ces deux indices sont calculés, pour chaque couple (i,j ) 
comme suit : 

- soient Vp(i) et Vp (j) les valeurs prises par i et j pour le 
critère p et soit Xp la pondération du critère p (afin de te-
nir compte de l'importance relative des critères). Alors : 

cij = d i i = Max^C(čj)|A,.yPC,)-VP(0)| 
• Z X p |Xj (vř(r.n)-veu))| 

oui Xj(V(>t»")-Vf (•'O ) l est l'écart maximum sur l'ensemble des cou-
ples d'objets (on norme ainsi dij entre 0 et 1). 

A partir d'un seuil de concordance et /ou d'un seuil de 
discordance, ELECTRE 1 détermine le noyau associé à ce(s) seuil(s). 

Afin de classer les options rappelons que nous avons re-
tenu quatre critères. 

L'obtention des données à traiter. 

Les données traitées doivent permettre de décrire les 
performances des options à classer. Or les performances se mesurent 
mieux par la perte ou le gain entraîné par une option que par l'état 
dans lequel on se retrouve après la mise en oeuvre de l'option. 
C'est pourquoi nous raisonnons en effets sanitaires évités par cha-
que option et, d'autre part, en maximum de la dose individuelle 
évitée. 

Il nous a paru intéressant de remplacer les relations 
dose-effet utilisées par l'EPA, basées sur le rapport BEIR de 1972, 
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TABLEAU I-RISqUE INDIVIDUEL PAR REM 

ORGANES 
Coefficient 

EPA (1) 
Coefficient 
(2) retenu 

(a) 

Rapport des 
Coefficients 
(2) / ( 0 

WT " (b) 

0s 3,2. !0"5 o, 5..0"5 0 156 0 020 

Moelle osseuse 5,4. ю " 5 2 ..o"5 0 370 0 082 

Thyroïde 5,6. l0-5 
2 ..o"5 0 357 0 082 

Poumon 5 . ,o~5 2 .10"5 0 400 0 082 

Autres organes 20,8. m " 5 10 ..o"5 0 481 0 408 

Corps entier (sauf gonades) 40 .o'5 16, 5 . Ю " 5 0 413 0 673 

Gonades (effets génétiques) 30 .o"5 8 ,io"5 0 267 0 327 

-5 
24, 

-5 
350 Corps entier (y compris gonade^) 70 10 24, 5.10 0 350 1 

Ces coefficients diffèrent quelque peu des coefficients fournis dans la Publication 

26 de la CIPR. [3~] 

(b) w = c o e f f ^ c ^ e n l : o r E a n e 

T coefficient corps entier 

par des relations fondées, cette fois, sur celles de la Publication 
26 de la CIPR, plus récentes. [З] 

Les coefficients permettant le passage des relations dose-effet de 
l'EPA à celles qui nous avons retenues sont donnés dans le tableau I. 

Afin de rendre homogènes les maillons du cycle du com-
bustible, nous avons considéré le cycle nécessaire pour faire fonc-
tionner 100 réacteurs PWR d'un GWe. (3) Il faut, dès lors, selon les 
données fournies par l'EPA, un nombre théorique d'installations de 
chaque type : 100/5,3 usines de traitement du minerai, 100/28 usines 
de conversion, 100/90 usines d'enrichissement, 100/26 usines de fa-
brication du combustible, 100 réacteurs PWR, 100/43 usines de retrai-
tement. 

a) - Calcul des effets sanitaires évités. 

Les effets évités grâce à la mise en oeuvre de chaque 
option s'obtiennent facilement à partir des données de l'EPA. Il faut 
pour cela introduire les coefficients (2)/,., calculés dans le ta-
bleau I. { U 

(3) Ce nombre (100) arbitrairement choisi, n'influe pas sur les ré-
sultats de l'étude. 
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TABLEAU II - TABLEAU DES DONNEES TRAITEES 

OPTION DE TRAITEMENT 
Nom de 
Code 

DOSE 

(a) 

EFFETS 

(b) 

C0UT 

(c) 
INDIC.. 

(d) 

TRAITEMENT DU MINERAI 

Effluents liquides 

Retenue à lit d'argile MI l 26 35 76 20 

Recyclage des fuites MI 2 0,5 0,5 87 20 

Effluents gazeux 

Filtre zone de séchage MI 3 1 220 7 1 20 

Filtre zone de broyage MI 4 145,5 0,5 5 20 

Filtre HEPA zone de séchage MI 5 14 0 0 20 

2ème filtre zone de broyage MI 6 6,5 0 5 20 

CONVERSION 

Effluents gazeux 

Filtre SH CO 1 26 2 0 1 5 

2ëme filtre SH CO 2 0 0 0 15 

Filtre HF СО 3 61 6 1 15 
2ème filtre HF СО 4 0,5 0 1 15 
Effluents liquides 
Bassin de décantation SH СО 5 0 2,5 1 10 

Traitement chimique SH СО 6 0 0 50 10 
Bassin de rétention HF СО 7 0 1 1 10 
Traitement chimique HF СО 8 0 0 50 10 

ENRICHISSEMENT 

Effluents liquides 
Bassin de décantation EN 1 0 0 0 10 

FABRICATION DU COMBUSTIBLE 

Effluents gazeux 
Filtre HEPA FC 1 9 409,5 768 2 20 
2ëme filtre HEPA FC 2 9,5 1 2 2G 

3eme filtre HEPA FC 3 0 0 2 20 
Effluents liquides 
Réservoir de décantation FC 4 0 1 2 15 
Précipitation floculation FC 5 0 0 17 5 
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OPTION DE TRAITEMENT Nom de 
Code (a) (b) (c) (d) 

REACTEURS 

Effluents liquides 
PWR 2 filtres, évaporateurs RC I 219 5 5 428 130 20 
PWR 3 déminéraliseurs, recyclage RC 2 2 5 81 94 15 
PWR 4 déminéraliseurs, recyclage RC 3 1 18 130 15 
Gaz rares 
1 A 1 5 lignes à retard de 15 jours RC 4 6 5 26 35 15 
1 A 60 lignes à retard de 60 jours RC 5 0 5 3 53 15 
2 A distillation cryogénique RC 6 ' 0 3 266 15 
5 С filtration de l'air extrait au condenseur RC 7 0 0 124 10 
Iodes 
PGIE 2 filtration sur charbon actif RC 8 - 17 2 71 20 
PGIE 3 retour au condenseur gaz de purge GV RC 9 20 5 2 24 20 
PGIE 4 filtration atmosphère du BAN RC 10 1 1 5 1 177 15 • 

PGIE 5 filtration de l'air extrait au condenseur RC 11 3 5 0,5 59 15 

PGIE 6 filtration atmosphère du BAN améliorée RC 12 1 0 177 10 

PGIE 7 "clean steam" RC 13 1 0 177 5 

PGIE 8 "gland seal" RC 14 0 0 118 5 

RETRAITEMENT 

Effluents gazeux 

Filtre HEPA (actinides) RT 1 5 700 000 493 2 20 . 

Epurateur à iode RT 2 33 5 • 251,5 8 15 

Zéolithe KT 3 3 5 28 4 5 

Extraction du krypton ŘT 4 0 204 20 10 
Voloxydation (tritium) RT 5 0 95,5 72 0 

(a) - dose effective évitée (rem sur 30 ans) 
(b) - effets évités 
(c) - coût total actualisé (106 dollars, 1973) 

(d) - indicateur de fiabilité relative des données 
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TABLEAU III - RESULTAT DES ANALYSES 

NOYAU BI-CRITERE TRI-CRITERE QUADRI-CRITERE 

1 MI3 C01 FC 1 RCl MI3 COI FC 1 RCl 
RTl 

MI3 C01 
RTl 

FC 1 
Ml 5 

RCl 

2 RTl C03 MI5 
ENI C02 

MI 5 C03 RT2 
MI 4 

RT3 C03 
C02 

RT2 
Mil 

RT3 
FC2 

MI4 
RC9 

3 
RT2 RT3 C05 C02 

ENI 
FC2 
C05 
RC4 

RC9 
RT4 
RC2 

Mil 
C04 

ENI 
RC4 

C05 
RC2 
FC3 

RT4 
RC8 
FC4 

C04 
M16 

A RT4 CO 7 RC8 
RC5 

MI6 
RC3 

C07 
RCl 1 

RT5 C07 
RCl 1 

RT5 
RC10 

RC5 
MI 2 

RC3 

5 C04 FC2 
RT5 

RC4 RC9 FC3 FC4 RCIO 
RC6 

MI 2 RC6 FC5 RC12 
CO 8 

C06 

6 Mil RC2 
FC3 

RC5 
FC4 

FC5 RCl 2 
RC13 

RC13 RC7 RCl 4 

7 MI 4 RC3 RC8 C06 C08 RC7 RCl 4 

8 MI6 RCl 1 RC10 RC6 

9 MI2 FC 5 

10 RCl 2 RC13 
RC7 

C06 
RCl 4 

C08 

Ъ) - Calcul des maxima des doses individuelles évitées 

Les doses individuelles résiduelles fournies par l'EPA 
portent sur divers organes critiques et ne sont donc pas directe-
ment comparables. Ce problème se résout en introduisant la notion de 
"dose effective". Rappelons qu'il s'agit d'une somme pondérée des 
doses H aux différents tissus (T) : 2 W H , W t représentant la 

T 
contribution au détriment individuel total du risque provenant d'une 
dose H T au tissu (T). [з] 

Dans le cas présent, les doses effectives s'obtiennent 
simplement en multipliant la dose individuelle à l'organe critique 
fournie par l'EPA par le rapport des coefficients (2)/(l) puis par 
le coefficient W T relatif à 1 'organe (voir tableau I). Des 
doses effectives résiduelles ainsi obtenues on déduit, par soustrac-
tion, les doses effectives annuelles évitées grâce au recours à cha-
que option. On obtient dès lors les valeurs recherchées en multi-
pliant les précédentes par 30 (30 ans de fonctionnement des usines) 
puis par le nombre théorique d'installations (cf. plus haut). 
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c) - Calcul des coûts totaux actualisés 

Selon les calculs opérés par l'EPA [5] le coût total 
actualisé d'une option de traitement est égal à la valeur actualisée 
au taux de 7,5 % du coût annuel sur une période de 30 ans. 

Le coût annuel d'une option est la somme de l'amortis-
sement du capital estimé à 16,6 % du coût d'investissement des di-
vers composants de cette option et des coûts d'exploitation et d'en-
tretien de celle-ci. 

d) - La note de fiabilité relative des données. 

Rappelons qu'il s'agit d'un indicateur subjectif. La 
note "0" traduit que les données portant sur des options en voie 
de recherche et développement pourraient subir de larges variations. 
La note "20" exprime que les données sont bien connues et par consé-
quent dignes de confiance. 

On obtient ainsi le tableau de données arrondies (tableau II). 

Ces données permettent une analyse en surclassement to-
tal. Cette approche est particulièrement intéressante car elle per-
met de hiérarchiser des options sans avoir recours à une pondération 
des critères. En d'autres termes, quelle que soit la valeur implicite 
de l'effet évité (ou le coût de l'homme-rem) nous pouvons ainsi for-
mer des noyaux successifs tels que les options d'un noyau sont préfé-
rables aux options d'un quelconque noyau suivant. 

Afin de pouvoir apprécier le rôle relatif de chaque cri-
tère, nous avons procédé à une analyse bicritère (coût/effet) puis 
tri-critère (coût/effet/dose) et enfin quadri-critère. Les résultats 
obtenus figurent au tableau III. 

On constate qu'il y a peu de différence entre l'analyse 
tri-critère et l'analyse quadri-critère. L'introduction de l'indi-
cateur de fiabilité a principalement joué sur la situation de FC 3 
et FC 4 qui sont des options "sûres" mais peu efficaces. Par contre 
la prise en compte simultanée des doses et effets laquelle permet de 
concilier l'approche collective et l'approche individuelle, a eu 
d'avantage d'impact. Ainsi, par exemple, l'option "filtre zone de 
broyage" de l'usine de traitement du minerai (MI 4) est-elle passée 
du septième noyau bi-critère au deuxième noyau tri-critère. Cette 
option, qui semblait superflue lorsqu'on ne considérait que les ef-
fets sanitaires collectifs, devient intéressante dès lors que l'on 
se soucie également des "doses individuelles". Par contre, certaines 
options conservent leur position dans un noyau et du fait du nombre 
croissant d'options dans les premiers noyaux, apparaissent moins in-
téressantes (CO 7). De même, il est à noter que les options du réac-
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TABLEAU 3V-LA MATRICE DE DISCORDANCE 

EN 1 CO 5 RT 4 CO 4 RC 4 RC 2 RC 8 MI 6 FC 3 FC 4 

EN 1 - 0 0 , 3 2 0 0 , 0 5 0 , 1 3 0 , 0 2 0 , 0 1 0 , 0 1 0 

CO 5 0 , 0 1 - 0 , 3 2 0 0 , 0 4 0 , 13 0 , 0 1 0 , 0 1 0 , 0 1 0 

RT 4 0 , 2 1 0 , 2 0 - 0 , 2 0 0 , 0 1 0 0 , 0 1 0 , 1 7 0 , 2 0 0 , 1 7 

CO 4 0 , 0 1 0 0 , 3 3 - 0 , 0 4 0 , 1 3 0 , 0 1 0 , 0 1 0 0 

RC 4 0 , 3 8 0 , 3 6 0 , 4 4 0 , 3 6 - 0 , 0 9 0 , 0 1 0 , 3 2 0 , 3 5 0 , 3 3 

RC 2 1 0 , 9 9 0 , 9 8 0 , 9 9 0 , 6 3 - 0 , 2 5 0 , 9 5 0 , 9 8 0 , 9 6 

RC 8 0 , 7 6 0 , 7 5 0 , 8 6 0 , 7 4 0 , 4 2 0 , 1 3 - 0 , 7 0 0 , 7 3 0 , 7 1 

MI 6 0 , 0 5 0 , 0 5 0 , 3 3 0 , 0 4 0 , 0 4 0 , 1 3 0 , 0 1 - 0 , 0 3 0 , 0 1 

FC 3 0 , 0 2 0 , 0 1 0 , 3 3 0 , 0 1 0 , 0 4 0 , 1 3 0 , 0 1 0 - 0 

FC 4 0 , 0 4 0 , 0 3 0 , 3 2 0 , 0 3 0 , 0 4 0 , 1 3 0 , 0 1 0 , 0 1 0 , 0 2 -

teur relatives aux iodes sont mieux placées en tri et quadri-critère. 
D'autre part, des options telles que la voloxydation du tritium et la 
rétention du krypton dans l'usine de retraitement ne sont pas péna-
lisées lorsqu'on passe de l'approche strictement collective à l'ap-
proche "synthétique". 

Ces premiers résultats sont déjà riches et montrent le 
bien-fondé de l'approche multidimensionnelle. Les noyaux quadricri-
tères sont cependant composés d'un nombre trop élevé d'options pour 
qu'il soit possible de se satisfaire d'un tel classement grossier, 
rien ne permettant à ce stade de différencier deux options apparte-
nant à un même noyau. Le problème se pose en particulier pour le 
troisième noyau, lequel est constitué d'options "charnières". Les 
quatorze 'options des deux premiers noyaux semblent en effet devoir 
être mises en oeuvre (on peut cependant s'interroger quant au bien 
fondé de MI 1 et RC 9). Quant aux options des noyaux 4, 5 et 6, leur 
mise en oeuvre ne paraît pas appropriée à moins de disposer d'un bud-
get considérable. Quand bien même aurait-on ce budget ne serait-il 
pas préférable de l'allouer à d'autres secteurs ou à la recherche de 
nouvelles options capables de contrôler, par exemple, les rejets de 
tritium dans les réacteurs ou de carbone-14 ? 
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Il est donc utile de s'attarder sur ce troisième noyau 
et de procéder alors à des surclassements non totaux sur ce noyau 
(cf. la présentation de la méthode ELECTRE 1 ci-dessus). 

Pour ce faire, il nous faut apprécier l'importance rela-
tive des quatre critères et choisir un mode de sélection. Les écarts 
entre les diverses valeurs étant importants le concept de discordance 
nous a paru plus pertinent que celui de concordance dans la mesure où 
il est le seul à tenir compte des écarts. Nous avons donc effectué la 
sélection à partir de la discordance uniquement et d'un premier jeu 
de pondération obtenu de la façon suivante : 

Détermination de la pondération des critères : Cette phase, toujours 
sujette à caution, est importante. Les unités retenues pour 
les trois premiers critères sont, rappelons-le : le million de dol-
lars actualisé sur trente ans, un effet sanitaire et un rem pour 30 
ans d'activité. La valeur de l'effet évité correspondant aux normes 
proposées était de 0,15 million de dollarsCr53, EPA 520/4-76-016 
p. 137]. Pour les doses nous avons supposé qu'elles portent sur un 
groupe évalué à 100 individus et que les risques encourus par ce 
groupe revêtent une importance particulière, selon des considérations 
éthiques, justifiant un facteur correctif de 10 (arbitrairement choi-
si). Ainsi un rem 30 ans correspond à 1 x 24,5 x 10-^ x 100 x 1.0 = 0,245 
effet 30 ans. La pondération de l'indicateur, entièrement subjective, 
a été estimée légèrement supérieure à celle de la dose. Ceci avait 
pour but de compenser le peu d'écart entre les valeurs prises pour ce 
critère (nous raisonnons ne l'oublions pas selon le seul critère de 
discordance). Après normalisation, nous avons donc retenu les pondé-
rations suivantes : COUT 0,80 EFFET 0,12 INDICATEUR 0,05 DOSE 0,03. 
La matrice de discordance du troisième noyau est alors, après arrondi 
à 0,01 près, celle qui est donnée au tableau IV. 

Il est assez difficile de hiérarchiser les options de ce 
noyau. Selon le seuil choisi, les éléments du nouveau noyau changent 
(4). Au seuil "£" nous obtenons : RT 4, EN 1, FC 3, RC 4 et RC 8. Au 
seuil de 0,01 nous avons : RT 4, EN 1, FC 3, CO 4 et CO 5. Enfin au 
seuil de 0,02 nous obtenons sept options : RT 4, EN 1, FC 3, CO 4, 
CO 5, MI 6 et FC 4. Trois options seulement figurent simultanément 
dans ces trois noyaux : RT 4, EN 1 et FC 3. Si l'on reprend les don-
nées correspondant à ces options, nous observons que EN 1 est une op-
tion sans grand intérêt (coût = 0 - effet = 0 - dose = Ö) et que FC 3 
est cette fois sans intérêt aucun (coût = 2 - effet = 0 - dose = 0, 
elle ne figure dans ce noyau qu'à cause de l'indicateur). En d'autres 

( 4 ) Pour déterminer le noyau on regarde le graphe des dominances . -
L'option i domine l'option j au seuil de discordance 0,01 si 
dij <0,01. 
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termes, seule peut être envisagée l'option RT 4 (Extraction du kryp-
ton-Retraitement) qui est chère mais joue un rôle certain sur le dé-
triment collectif. Il est à remarquer que cette option domine RC 2 
(PWR 3 - Réacteur) et RC 4 (1A15 - Réacteur). 

On peut s'étonner que l'option RC 8 (PGIE 2 - Réacteur) 
soit éliminée lors de cette sélection plus fine. En réalité il n'en 
est rien car RC 9 (PGIE 3) figure dans le deuxième noyau, et cette 
dernière ne peut être mise en oeuvre qu'après PGIE 2. Cette situa-
tion s'explique par les rendements non décroissants entre ces deux 
options (l'EPA a aussi rencontré cette difficulté dans l'analyse 
coût-efficacité). 

Analyse de sensibilité : 

Tous nos résultats dépendent d'hypothèses qui peuvent 
être remises en cause. Il est donc intéressant d'effectuer une ana-
lyse de sensibilité sur certaines hypothèses de base. 

Dans certains cas cette analyse porte à la fois sur le 
surclassement total et non total (modification de la relation dose-
effet concernant un organe donné ; introduction d'un seuil dans les 
relations dose-effet ; etc ... ). Ces analyses ont montré qu'en géné-
ral les résultats n'étaient pas fondamentalement modifiés. Seule 
l'introduction d'un seuil élevé peut les perturber considérablement. 

D'autres modifications telles qu'un changement de pondé-
ration des critères ne modifient pas le surclassement total mais 
peuvent modifier la hiérarchisation des options d'un même noyau. 
Soulignons en particulier qu'un changement de la valeur implicite de 
l'effet évité n'aura donc aucune importance du point de vue de la 
constitution des noyaux en surclassement total. Cette valeur est 
cependant déterminante quant au choix du noyau sur lequel doit por-
ter l'analyse en surclassement non total. Il faut toutefois que cette 
valeur soit notablement modifiée pour que le choix du troisième noyau 
soit remis en cause. 

Conclusion : L'approche que nous avons retenue présente un intérêt à 
plusieurs niveaux. Elle permet d'avoir une vision plus synthétique du 
risque, compatible avec d'autres méthodes disponibles (en particulier, 
l'approche coût-efficacité). Dans un premier temps, à l'aide des sur-
classements totaux elle nous a fourni des premiers résultats qui ont 
pu être obtenus sans avoir à se poser, par exemple, le problème de la 
'Valeur implicite de la vie humaine". Les conclusions des analyses sont 
en général compatibles avec les pratiques actuelles de radioprotection. 
L'étude souligne de plus l'intérêt de certaines options relatives aux 
effluents gazeux de l'usine de retraitement. La méthode ELECTRE 1 n'est 
cependant pas la seule possible et ses résultats pourraient en être af-
finés moyennant des informations complémentaires (on peut penser aux 
fonctions d'utilité par exemple). 
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DISCUSSION 

D. BENINSON: In your presentation, you show that the highest-classed 
option removes an individual dose of about 10s rem. Such a dose would not be 
allowed by the dose limits and the inclusion of the option would be compulsory 
irrespective of optimization. 

J. LOMBARD: The bulk of this dose reduction is effected by an HEPA 
filter with an efficiency of 109 which brings down the dose to the lung from 
100 000 rem to 1 mrem. This filter is "obligatory" for the purposes of complying 
with the 500 mrem limit proposed by the ICRP. However, we kept it in our study 
together with five other "obligatory" options in order to determine the relative 
placings. As a result of the study, we were able to say that, while the HEPA 
filter option was certainly in the first core, the other obligatory options were 
only in the second. On the other hand, some of the options which were not 
obligatory with regard to the 500 mrem limit were in the first core and were 
therefore more advantageous. 
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Abstract 

A METHODOLOGY F O R PRACTICAL IMPLEMENTATION O F ICRP RECOMMENDATIONS 
F O R OPTIMIZATION. 

The system of dose l imitat ion r ecommended by the Commission has been restated in its 
most recent r ecommenda t ions with the requirements implying cost benefi t analysis elevated 
to pride of place. The main subject of this paper is discussion of the problems involved in 
carrying out different ial cost benefi t analysis (opt imizat ion) studies. The various quant i t ies 
such as Effect ive Dose Equivalent and Collective Effective Dose Equivalent C o m m i t m e n t needed 
to carry out these studies are discussed, their strengths and weaknesses identif ied and suggestions 
made as to h o w they should be used in practice. In particular the implications underlying the 
use of the collective quant i t ies as the independent variable in.these studies are clarified and 
examined. The need for the m a x i m u m realism in calculational models and parameters used in 
the calculation of collective quant i t ies for opt imizat ion studies is stressed, with t he corollary 
of conservative calculations for comparison wi th dose limits. The methods for calculating costs 
are examined, b o t h for the plant or equ ipment installed to reduce doses and for t he cost 
associated with the consequent reduc t ion in health de t r iment . Some practical problems are cited 
in b o t h the theory and practice of opt imizat ion. It is concluded tha t opt imizat ion is not yet 
sufficiently developed in ei ther basic formalism or practical application. Some areas are identif ied 
where fu r the r work is needed. 

1. I N T R O D U C T I O N 

The early history of radiological protection was mainly 
concerned with limits of "permissible doses'.' to individuals 
which would prevent the ocfcurrence of non-stochastic effects. 
However in the first publication of ICRP / ~ 1 _ 7 there appeared 
the recommendation that: 

"all doses be kept as low as practicable and that 
any unnecessary exposures he avoided." 

By the time of Publication 9 / ~ 2 _ / this had evolved 
to the now famous recommendation that: 

"all doses be'kept as low as is readily achievable, 
economic and social considerations being taken 
into account." 

2 3 5 
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Further clarification of this recommendation was still 
required; it appeared in a later publication /~3_7 i n which 
the dose limits were still placed first but in addition there 
was a recommendation to interpret "as low as is readily-
achievable" in terms of the techniques of differential cost 
benefit analysis. 

The system of dose limitation recommended by the 
Commission has been restated recently /~i|J with the require-
ments implying cost benefit analysis elevated to pride of 
place : 

"(a) no practice shall be adopted unless its 
introduction produces a positive net benefit; 

(b) all exposures shall be kept as low as 
reasonably achievable, economic and social 
factors being taken into account; and 

(c) the dose equivalents to individuals shall 
not exceed the limits recommended for the 
appropriate circumstances by the Commission." 

In the rest of this paper we will refer to these in 
abbreviated form as : 

(a) justification 

(b) optimisation 

(c) compliance with dose limits 

Justification requires the assessment of all the costs 
associated with a given practice and comparison with all the 
benefits from the practice. This procedure involves assessing 
the value of intangibles on both sides and in any case only 
provides one input to major decisions which usually also have 
strong political, economic and other constraints. It is not 
clear to us that radiological protection considerations are 
very important in "justification" and in this paper we have 
restricted ourselves to the problem of carrying out the second 
and third objectives within a practice which is assumed to 
exist - whether or not it has been justified overall. 

The main subject of this paper is the discussion of the 
problems involved in developing a practical methodology to 
carry out optimisation studies within the overall restriction 
imposed by the dose limits. We will mainly be concerned with 
design studies in which the variables are design changes, 
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alternative processes, different operating procedures and 
effluent treatment systems. The optimisation consists of 
comparing the increase in costs of successive systems against 
the resulting reduction in detriment. 

We believe that it is in design studies or broad evaluations 
that the formal techniques of differential cost benefit analysis 
can be brought into play rather than in the solution of immediate 
operational problems. We do not belive that formal studies of 
this type can, or should, replace the responsible judgement 
of the health physicist in giving advice to managements on day 
to day operational decisions. Such advice will in any case 
contain the results of intuitive cost benefit analysis which 
we all carry out more or less continuously. 

A severe problem for the practising health physicist now 
is the proliferation of quantities needed to carry out the job. 
We will discuss some of these quantities, their strengths and 
limitations, and suggest how they should be used in practice. 

2. USE OF EFFECTIVE DOSE EQUIVALENT 

In its latest recommendations f~\\ / as supplemented 
by the statement issued in June 1978 L ^ - J "the Commission 
introduced the concept of the weighted mean whole body exposure. 
This concept is based on the principle that at a given level 
of protection the risk should be equal whether the whole body 
is irradiated uniformly or whether there is non-uniform or 
partial body irradiation. This consideration is met by 
defining the quantity He, the Effective Dose Equivalent such 
that 

^ = \ WT 

where wrp is a weighting factor representing the proportion of 
the stochastic risk resulting from irradiation of tissue T 
to the total risk, when the whole body is irradiated uniformly, 

H,p is the dose equivalent in tissue T. 

In assessing this quantity it is useful to consider 
separately three categories of radiation effects 

(i) fatal cancers 

(ii) non-fatal cancers 

(iii) genetic effects 
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The effective dose is a good measure of the total risk 
resulting from the first category, it has failings when dealing 
with the second and third categories, however. 

In its considerations leading to the recommendations of wrp 
values the Commission did not include an allowance for non-fatal 
radiation effects, particularly cancers of skin, thyroid and 
breast. It could be argued that such effects should be included 
in any assessment of the total health detriment from radiation 
but they will not be included if the detriment assessment results 
from an assessment of the effective dose equivalent. This may 
be of concern even when the radiation is largely whole-body 
irradiation and would lead to a significant underestimation 
of health consequences if the irradiation were predominantly of 
thyroid or skin, as could happen in some realistic circumstances. 

The Commission included in the wip value for gonads an 
allowance for genetic effects expressed in the first two 
generations. Even this is conceptually difficult, although 
administratively tidy, since fatal cancers and genetic effects 
are not the same and it is not clear that they can readily 
be added or traded off one against the other. It would be 
possible in most cases to separate the genetic risk and express 
this in terms of gonad dose or genetically significant dose. 
A further point is? that the Commission recommends that assess-
ments of total population detriment should include the total 
risk of genetic effects that may be expressed in all subsequent 
generations. This is not possible using Hg. 

The problem inherent in the way in which effective dose 
equivalent has been defined is that a change in any one of 
the wip values results in a change in all the others since 
they represent relative proportions. Therefore to make the change 
to the wij value for gonads required to take account of all future 
genetic effects would result in a new quantity different from, 
but very close to, the effective dose equivalent. This new 
quantity would still not allow for non-fatal cancers. Given 
the purposes to which the results are to be put, the lack of 
precision of risk estimates in general and the uncertainty 
of so many other parameters in the optimisation process,such 
an addition to the existing proliferation of quantities does 
not appear justified at present although the likely effect of 
such changes should be examined further. We therefore conclude 
that effective dose equivalent should, for the present, be used 
to represent total health detriment whether the irradiation 
is of the general public or workers. However those using the 
quantity should be aware of the omissions and it would be 
reasonable, under particular circumstances, to assess as 
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a separate exercise the total genetic effects from the gonad 
dose or the non-fatàl cancers from the appropriate organ 
doses. 

3. COMMITTED EFFECTIVE DOSE EQUIVALENT AND EFFECTIVE 

DOSE EQUIVALENT COMMITMENT 

It is a pity that these two quantities have such 
similar names as they are conceptually different and are 
used for different purposes. They are, however, frequently 
confused. 

The Committed Effective Dose Equivalent, H^o,E if defined 
as the integral of the effective dose equivalent raie He (t) 
(in a particular tissue) over £0 years following the intake: 

tQ + 50y 

HSO,E = J HgCt) dt 

t о 

where t is the time of intake, о 
The integration time of !?0 years was said to have been 

derived on the basis of a "working lifetime" and is not 
directly applicable to populations. In principle it would be 
possible to define a complete range of quantities analagous 
to the committed dose equivalent but with integrations over 
different times corresponding to the expected remaining lifetime 
for different ages at intake. These could then be used to 
give a weighted average for a population with a given distribution 
of ages. Although such a procedure would be more rigorous the 
additional effort would not seem to be justified given the 
other uncertainties. Moreover the average expected life for 
a UK population distribution is about 1*0 years /~6_7 so that 
use of a £0 year integration will only slightly overestimate 
the dose actually received. The use of H£o,E is therefore 
appropriate for assessments of detriment for use in optimisation 
procedures where the most realistic values are required. If we 
were comparing with dose limits when conservatism is necessary 
there could be an argument for extending the integration limit 
to 70 or 80 years to allow for exposure from birth to death, 
however the underestimate is again slight. 

On balance we conclude that unless calculations of dose 
following intake are made considerably more rigorous with 
allowance for actual age distributions, variations in consump-
tion rates, metabolism,etc.with age and sex, it is not helpful 



240 WEBB and CLARKE 

to define additional quantities and the committed effective 
dose equivalent should be used to represent the detriment to 
an average individual in a population or to a worker as a 
result of an intake of radioactive material. 

Q 
Turning now to the Effective Dose Equivalent Commitment Hg, 

this is formally defined by the Commission as the infinite time 
integral of a per caput effective dose equivalent rate Hg(t): 

oo 

4 = / ^ ( t ) d t 

0 
It seems to us, however, that it is more properly derived -

if indeed it is needed at all - by dividing the collective 
effective dose equivalent commitment by the average population 
size. 

The difference between the effective dose equivalent 
commitment and the committed effective dose equivalent is 
that the latter attempts to calculate the detriment to real 
individuals following an intake whereas the former is merely 
an integration of dose rates in a succession of average cohorts 
and has no relation to individuals. The effective dose equivalent 
commitment is not a directly useful quantity for optimisation 
studies since it relates to a hypothetical average. The primary 
quantity which is of use for these studies is the collective 
effective dose equivalent commitment. 

4. IMPLICATIONS OF THE USE OF COLLECTIVE DOSE EQUIVALENT 

The method of carrying out optimisation recommended by 
the Commission involves the use of Collective Dose Equivalent, 
5, as the independent variable. In practice it is necessary 
to use the Collective Effective Dose Equivalent Commitment, 

to represent the total detriment from a given source or 
practice. This quantity will normally be generated by 
considering internal and external exposures separately and 
integrating each over time and over the populations involved. 
The procedure for external exposures is simple in principle 
and is merely a time and space integral. When dealing with 
internal exposures, however, the effective dose equivalent rate 
in individuals in a given year from all previous intakes is 
not generally known,whereas the committed dose equivalents 
from the intakes are known. We therefore suggest that the 
procedure should be to integrate the intakes and multiply 
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the resultant by the committed effective dose equivalent 
per unit intake: oo oo 

SE = / Žext^)dt + H50,E / * Ю d t 

0 0 
where Sext is the external collective dose equivalent rate 
and I is the collective intake rate. These calculations are 
of course carried out for all radionuclides,etc. 

Use of the collective dose equivalent or similar 
quantities carries with it a large number of assumptions of 
which the most fundamental is that the risk per unit dose 
should be treated the same, whether the dose is of the order 
of pSv or mSv in a year, at high or low dose rate, to infants 
or octogenerians, to workers or the public, delivered now 
or in a million years' time. The user should be aware of these 
underlying assumptions both in the context of the calculation 
of total health detriment and in carrying out optimisation studies. 
It is also assumed that the risk is concomitant with the 
committed dose,which is a further justification for using 
H5O,E-

In practical circumstances many calculations do not 
extend over the integration range from zero to infinity for 
all parameters, as the definitions would suggest. Many 
calculations of collective dose equivalent are made with a 
cut-off defined in terms of distance or by political 
or geographical boundaries and many calculations of the 
collective dose equivalent commitment are made with a cut-off 
in time. In addition many models used for the calculations 
include an implicit cut-off, often in the form of an infinite 
sink for radioactivity at some point in the model. We suggest 
that these are practical recognitions of» the problems under-
lying the mathematically pure quantities and result from a 
well founded mistrust of formalisms which generally extrapolate 
on the basis of the infinite continuation of the "status quo". 
For example it is not self-evident that the same collective 
effective dose equivalent made up from extremely small dose 
equivalents to the world population or much larger doses to 
a small local population, should have the same weight in 
the optimisation process. There is as yet no satisfactory 
formal procedure for introducing disquiets of this type, 
although suggestions, including the idea that the cost 
associated may not be a linear function of dose, are the 
subject of other papers at this meeting. So for the present 
we feel that the results of calculations of collective 
effective dose equivalent commitments should not be presented 
only as single numbers but should Ъе broken down as a function 
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of, for example, dose equivalent, dose equivalent rate, time, 
space or population group so that when an improved methodology-
is evolved, the input data will be available. 

One further point regarding the calculations and para-
meters used in the assessment of collective effective dose 
equivalents for use in optimisation studies is that these must 
be as realistic as possible. Since the purpose of optimisation 
is to make financial decisions it is not correct to use 
conservative values of parameters which lead to overestimates 
of the radiation.detriment; this will inevitably lead to the 
wrong choice (wrong in the sense of "non-optimum") and the 
spending of too much money, thereby defeating the whole 
exercise. Recognition of this point should lead to a change 
in attitude in both the selection of calculational models 
and the choice of values for parameters but such a change is 
not yet apparent. 

5. CALCULATION OF THE COST ASSOCIATED WITH THE RADIATION 
DETRIMENT AND WITH THE REDUCTION OF DETRIMENT 

The type of problems for which we feel optimisation 
procedures are of use now tend to be presented as a series 
of discrete options, each of which will be associated with 
a certain distribution of effective dose equivalents and 
collective effective dose equivalent commitments. Calculation 
of these quantities is within the normal ambit of radiological 
protection. In order to compare the differential radiation 
detriment with the costs of the various options, however, 
the detriment must be converted to monetary terms We 
do not intend to dwell on this conversion here as it is the 
subject of a companion paper / 8 "7 but we wish to emphasise 
one point; even if one ^ccepts the working hypothesis of' 
proportionality between dose equivalent and health effect, 
this does not necessarily imply proportionality between 
collective effective dose equivalent commitment and monetary 
equivalent of the perceived associated risk. 

Calculation of the cost associated with the introduction 
of plant to reduce doses appears to be an easier problem as 
it normally involves assessing design, installation and 
running costs of plant or machinery of some type. While this 
is common practice, it appears to us that this introduces 
a serious possibility of imbalance, since one aspect of the 
"common practice" is to use the "present worth" of future 
costs, i.e. to discount such future costs. This is an accepted 
procedure in conventional cost benefit analysis but we feel 
it is worth examining the implications of applying this to 
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the financial cost side of the balance but not to the "health-
equivalent" costs of the radiation detriment. While it is 
tempting to say that a health effect is the same whenever it 
occurs and therefore cannot be discounted, the purpose of 
the procedure is the allocation of resources in the present 
and on straight accounting grounds one needs to allocate less 
present resources to deal with a future effect then for the 
same effect happening now. 

A further aspect of this is that we consider some confusion 
of thought to have arisen as a result of the use of the phrase 
"cost-benefit". This appears to imply that, since the radiation 
detriment is the "cost", therefore the other side of the equation 
is the"benefit". In practice, however, both sides of the 
equation are costs which in the broad view fall on society as 
a whole. If the problem is expressed in this way it becomes 
even clearer why the two costs must be derived using methods 
which are as compatible as possible and we do not believe 
enough thought has yet been devoted to this aspect of the 
procedure. 

6. SOME PROBLEMS IN CARRYING OUT OPTIMISATION CALCULATIONS 

Using the notation suggested by the Commission, the cost, 
X, of achieving a selected level of protection corresponds to 
the cost, Y, of the detriment associated with that level of 
protection. 

У may be expressed as eS. 
where S is the reduction of collective dose equivalent 
commitment 

£ is the monetary value per unit of collective dose, 
assumed constant. 

Given the costs assessed in the previous section, the normal 
method appears to be to assume some "base level" and assess the 
merit of adding to the protection cost by evaluating the associated 
reduction in detriment The criterion is then that the 
additional protection is warranted if 

Д X < AY (1) 

where Д Х is the incremental cost of additional protection 

A Y is the incremental cost of the reduction of 
detriment 
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TABLE I. ILLUSTRATION OF THE APPARENT COST-EFFECTIVENESS OF EMISSION REDUCTION OPTIONS WITH RESPECT TO 
THE BASE CASE 

Emission reduction 
system 

Remaining detriment 
(man.Sv) 

fa) 
Cost equivalent v ' 

of detriment reduction, 
Y, relative to the base 

case 
(£ X 103) 

Cost of emission 
reduction system, 
X, relative to 
base case 
(£ X 103) 

(ДХ/ДУ) average 

HOHE 10 - - -

A So io<b> 0.20 

В 1 90 0.55 

A + В 0.5 95 60 0.63 

s! и № 
ее g 
о. 
n г > 
7> * 
w 

(a) At an assumed £10 000 per man-Sv 

(b) Arbitrary assumed costs for illustrative purposes. 
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Collective dose equivalent (man-Sv) 

FIG.l. Cost curves for options А, В, A + B. 

FIG.2. Marginal cost curves for options A, B, A + B. 

It seems to us that there is some confusion here in that Д Х and 
Д Y are sometimes interpreted as average costs, that is the 
difference from the "base level". 

There are thus some complications in the application of this 
apparently simple criterion which can best be illustrated by an 
example. 

Suppose there is an installation discharging a quantity of 
radioactivity in a given time leading to a collective effective 
dose equivalent commitment of 10 man.Sv and there are two 
available options to reduce the discharges; option A is relatively 
cheap and leads to a factor of 2 reduction in emission, option В 
is relatively expensive but leads to a factor of 10 reduction in 
emission; the two systems are supposed to be independent. The 
possible combinations are shown in Table I which evaluates, on the 



to 
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TABLE II. ILLUSTRATION OF THE TOTAL AND MARGINAL COSTS OF EMISSION REDUCTION SYSTEMS 

Emission reduction 
system 

Remaining detriment 
S 

(man- Sv) 

Cost equivalent 
of remaining 
detriment, Y 
(£ X 103) 

Cost of emission 
reduction system, X 

(£ X 103) 

Marginal cost of 
detriment reduction 

ДХ/AS 
(£man- Sv~ ' x 103) 

Part 1 

NONE 
A 
В 

A + В 

Part 2 
NONE 
A 
2A 
В 

A + В 

10 
5 
1 

0.5 

10 

5 
2.5 
1 
0.5 

5o 
10 

5 

5o 
25 
10 

5 

10 
50 
бо 

10 

20 
50 
60 

2 

10 

20 

2 

k 
20 
20 

3! и ее « 
g 
a 
о г > 

M 
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Collective dose equ i valent (man-Sv) 
FIG.3. Cost curves for options A, 2А, В, A + B. 

basis given above, the "average" costs and. detriment reduction 
compared with the base case of each system alone, or both installed 
together. Arbitrary but plausible assumptions are made for the 
relative costs and emission reductions. 

Some problems can be seen from the table,which shows that 
any of the options of installing A alone, В alone or A + В 
together as one system would be warranted. It does not make clear, 
however, which system is "best" - all are "cost effective": A 
alone gives the largest detriment reduction per unit cost, but 
the smallest detriment reduction; whereas A + В together give the 
largest detriment reduction but at the lowest reduction per unit 
cost. 

The problems have arisen because in the table we have used 
average rather than marginal costs and we have not carried out 
either a'minimisation of total costs or a true comparison of 
marginal costs. This can be explained by reference to Figures 1 
and 2. Figure 1 shows the cost curves for options А, В and A + B, 
Figure 2 shows the marginal cost curves for the same options. The 
formulation in equation (1) adopting average costs can be used to 
determine whether an option is cost-effective with respect to the 
base case. To show which of the options is optimum, marginal 
costs should be used - assuming that the criterion for optimum is 
that it is the minimum point on the total cost curve at which 

d(X + Y) = 0 
ds 

ie. dX = - dY 
dS dS 
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Base 
1 2 3 U 5 6 7 8 O J c a s e 

Collective dose equivalent (marvSv) 

FIG.4. Marginal cost curves for options A, 2А, В, A + B. 

To determine the optimum it may often be sufficient to construct 
only the total cost curve (Figure 1) from which the minimum will be 
apparent. Only in the case where the total cost curve is not 
unequivocal about the minimum - as is the case in Figure 1 - might 
the differential cost curve have to be constructed. The marginal 
cost curve construction in this way is shown in Figure 2,using 
the data of Table II. Since we are assuming a constant value for 
e, Д У / A S is constant and the optimum choice is that closest 
below or on this line. In Figure 2 option В is exactly the optimum 
as judged from the marginal cost curve. Looking back, however, to 
the total cost curve in Figure 1, although В is the optimum of the 
three choices A, B, or A + В it is apparent that the minimum of 
the total cost curve may well lie at a value of detriment around 
2 to U man-Sv. This observation prompts us to ask whether there 
may be another alternative, not yet considered, which would be 
even closer to the optimum than B. Again for illustration we have 
considered a double installation of option A (designated 2A), but 
we have not allowed further additions of option A. The revised 
costings with this additional option are shown in part 2 of Table 
II; the total and marginal cost curves are shown in Figures 3 and 
U. It is now apparent from Figure Ц that option 2A has displaced 
В on the marginal cost criterion and from Figure 3 that it is 
the minimum of the total cost curve. 

Some of the aspects of differential cost benefit analysis 
illustrated by this example which we feel have not been widely 
recognised and may lead to errors in practical application are: 

(1) In assessing the multiple choices average costs must 
not be confused with true marginal costs. 
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(2) Each of the options must.be cost-effective within the 
overall system to start with; additionally one must choose 
the cheapest system for a given reduction in collective 
dose. 

( 3 ) The optimum choice might change if different sets of 
options are included in the analysis. Even though 
according to Figure 2, В was the optimum, introduction 
of option 2A in Figure Ij. changed this conclusion. 

(1+) To determine the optimum consideration the total 
costs are often sufficient and marginal cost curves 
are only necessary if the total cost curve provides 
an ambiguous solution. 

It also appears to us that the results of optimisation, 
where this involves individuals or veiy small groups of people, 
will almost invariably run counter to the apparent intent behind 
the strictures to regard the dose equivalent limits as the lower 
bound of an unacceptable region. Even at high figures for the 
monetary value of collective dose equivalent it is difficult to 
envisage many course of action being "cost effective" where 
the saving in collective dose equivalent is only a few 
hundredths of a man-Sv. 

We do not conclude from this that it is therefore good radiological 
protection practice to expose such persons at the appropriate 
limit, but rather that optimisation procedures are not necessarily 
applicable to situations involving very small numbers of people. 
There is clearly some trade-off point which has never been 
stated but which must lie somewhere between the two "common-
sense" viewpoints which may be expressed as: 

It is worth reducing high individual doses by a significant 
fraction if this results in only a small increase in the 
collective dose. 

It is worth reducing the collective dose by a significant 
fraction if this results in only small increases in individual 
doses, provided these are well below the limit. 

7. COMPLIANCE WITH DOSE EQUIVALENT LIMITS 

Doses to individual workers are monitored and the assumption 
made, whether or not correctly, that the reported doses correspond 
to those actually received. The risks associated with doses 
near the limit can therefore be assessed for each individual and 
the magnitude of these may well justify attempts, particularly 
at the design stage, to reduce maximum individual doses to a 
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fraction of the limit. However, as stated earlier, we do not 
consider that formal procedures should replace the judgement 
of the professional health physicist in advising management 
on day-to-day operational decisions. 

When considering doses to the general public, however, it 
it not generally feasible to monitor these directly,so they 
are calculated from the results of certain measurements together 
with assumptions directed towards assessing the doses to the 
critical group. In contrast to the calculations for optimisation 
studies mentioned earlier, these calculational models and para-
meters are deliberately chosen to give conservative assessments 
of doses. This is correct and points up the-different purposes 
of the two assessments; it also explains the rationale for using 
the 5 mSv limit for comparison of dose equivalents to critical 
groups. Many limits for the general public are better expressed 
as "derived limits "» These are limits for parameters which can 
be measured, related by a specific model to the dose limits in 
such a way that compliance with the derived limit ensures 
compliance with the dose limit. We consider that for derived 
limits to form part of a practically useful system each limit 
must be clearly and unambiguously defined for each nuclide 
and pathway with respect to the entire dose equivalent limit 
of 5 mSv which is appropriate for the average to a critical 
group using pessimistic methods of calculation; i.e. 

D Li, k А , к = 

where DL]_ )^ is the derived limit for the measured quantity 
for nuclide 1 from source к 

l,k i s t h e factional relation defined by the model 
between the derived limit and ABL, the annual dose limit. 

It has. been suggested that even derived limits should 
accommodate all contributions from all sources and radionuclides 
but the consequence is that it is only possible to define sets 
of derived limits which satisfy sets of equations rather than 
unique derived limits. We do not consider this to be helpful 
in practice (which is the objective of derived limits). If 
there is a need for inclusion of all sources and nuclides 
this could be covered by the regulatory authorities ensuring 
that 

I I Rl,k < 1 
D Ll,k 
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where % ^ is the measured quantity for nuclide i from source 
к and the summation is over all nuclides and sources for path-
ways leading to irradiation of the same critical group. We 
do not consider the build-up of sources is sufficiently rapid 
that consideration of the contribution from regional and global 
sources is necessary in every local situation. 

8. CONCLUSIONS 

The Commission has recommended for very general use the 
system of differential cost benefit analysis. This system 
is not yet, in our view, sufficiently well developed in 
either basic formalism or practical application. Nonetheless 
the system has conceptual attractions and it is worthwhile devoting . 
considerable effort to developing both these aspects. It is in 
this spirit that we offer this paper and we trust that by 
raising problems and in some cases suggesting practical solutions 
we have contributed to bridging the gap between the clean 
pinnacles of principle and the problems on the ground, which 
tends to be more 'muddy. 
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Abstract 
SOME PROBLEMS IN PRACTICAL APPLICATION OF THE DOSE LIMITATION SYSTEM. 

The paper is based on the experience gained in discussing and applying the new ICRP 
basic recommendations in Czechoslovakia. Practical examples of the weighing of radiation 
protection costs against benefits f rom the reduction of the collective dose equivalent are 
outlined in brief. The effective dose equivalent as a basic quantity in the dose limitation 
system, as well as for comparison of exposures, requires further elucidation. It is desirable 
to define more precisely the organs comprised in the computation. It would also be useful to 
define formally the mean dose equivalent in organs or tissues. Analysis of conditions of 
applying the dose equivalent indices in personal dosimetry showed that with the exception 
of photons of energies lower than 50 to 300 keV, information on energy is not necessary for 
a reasonably accurate conversion of the dose meter readings to dose equivalent indices of a 
relevant type of radiation, and that for photons of energies below 50 keV and for intermediate 
neutrons the deep index is unnecessarily conservative. It is proper to consider converting the 
dose meter data directly to an estimate of the effective dose equivalent. The usefulness is 
discussed of using more than one investigation level in the process of gradual improvement of 
the model underlying a rational monitoring system. 

1. INTRODUCTION 

A relatively short period of t ime has elapsed since publication of the new 
basic ICRP recommendations, and to date there has been but little discussion 
of the practical application of the recommendations in the scientific press and at 
meetings. This paper is therefore based on discussions and early experience of 
applications of the principles of the document in Czechoslovakia. 

I t is worth mentioning that for many years bo th the regulations and the 
opinions and approaches of experts in radiation protection in our country have 
followed the ICRP recommendations, and developments after the appearance of 
the recommendations in ICRP Publication 9 in 1965 were followed with interest 
and at tent ion by experts and institutions. First discussions showed that the 
novelty of a number of recommended procedures is the cause of a lack of 
understanding, and therefore a number of seminars and panel discussions were 
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organized concerning both the recommendations as a whole and individual concepts 
and their implications in practice. Professional opinion predominantly characterizes 
ICRP Publication 26 as a concise and internally consistent system of principles and 
relevant quantities, which is an adequate evaluation of the present biological 
information and of the practice of protection, and which forms a solid base for 
further practical activity. At the same time, it is a system which makes demanding 
requirements. Its complex, dynamic approach and novelty require abolition of a 
series of fixed conceptions and procedures and further work on individual problems. 

2. OPTIMIZATION OF RADIATION PROTECTION 

Optimization of radiation protection on the basis of weighing costs expended 
on protection against benefits resulting from dose reduction assumed importance 
following the publication of ICRP-22, which recommended a possible method 
of assessing and suppressing unnecessary doses. In view of the novelty of the 
optimization approach in health protection, great attention was paid to the 
analysis and discussion of prerequisites and ways of using the method under Czech 
conditions. 

Measuring the effectiveness of protection expenditure by the reduction 
achieved in the collective dose equivalent reflects objective features of protective 
measures. Assuming the guarantee of a socially acceptable maximum degree of 
risk for individuals, expressed by general dose equivalent limits, it helps determine 
what actual doses are tolerable in a particular use of the source of exposure. 

The monetary equivalent of the dose equivalent unit needed for these 
comparisons should express and influence the decision of society to avert damage 
to health. For unbiased decisions in this respect certain information is, however, 
indispensable, such as for instance the damage caused by other risks, which up to 
now has not even been approximately estimated. Under these conditions it 
seems acceptable, in setting the monetary equivalent, to proceed from an estimate 
of harm caused to society by radiation damage to health, since this certainly 
represents important information for decision-making. The monetary equivalent 
of the collective dose unit used in our country currently is based on the average 
loss of productivity due to the death of a worker, estimated from his contribution 
to the national income, and from the loss due to the increase in social and health 
care expenses. A first estimate of this value is 40 000 Czechoslovak crowns per 
1 Sv effective dose equivalent. 

Cost effectiveness analysis has been used in a number of situations. Table I 
illustrates the decisive step in the use of this analysis in determining the required 
degree of removal of radioactive materials (2 2 6Ra) from pitwater released into a 
river. The resultant limit of the 226 Ra activity concentration was 60% lower 
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TABLE I. OPTIMIZATION OF THE PITWATER DECONTAMINATION 
(CASE DATA) 

Level of decontaminat ion Costs of 2 2 6 Ra reduct ion Monetary equivalent of 2 2 6 Ra released 
( B q l t r " 1 ) (Czech crowns per (Czech crowns per [ B q l t r - 1 ] ) 

[ B q l t r 1 ] ) 

1.86 - 1.41 0.1 

1.41 - 0.75 0.1 
0 .16 

0.75 - 0.67 1.5 
0.67 - 0.48 1.5 

than the limit derived from the dose limit for members of the public, using 
conservative assumptions [ 1 ]. By means of a similar analysis the justification 
was provided for the cost of a new ventilation system in one of the uranium mines, 
taking into account the reduction of collective exposure to 222 Rn daughter 
products [2]. 

In another case, analysis of the reduction of the collective dose equivalent 
resulting from the use of new radiodiagnostic equipment for examination of the 
gastro-intestinal tract, and comparison of the monetary equivalent of this reduction 
with the price of the equipment, provided a further convincing argument in favour 
of the purchase [3]. 

Reduction of the collective dose equivalent, however, does not necessarily 
entail an immediate and direct economic advantage to the spender of funds on 
protection. Thus there may be some lack of motivation to provide optimal 
protection from sources of radiation. It is therefore desirable that the competent 
authorities should be able to require optimization, e.g. by way of setting 
authorized limits for specific situations, differing from general limits, and that 
they should have a guarantee that they can obtain and verify all information 
needed for optimization. This may call for amendment of legal regulations. 

3. THE EFFECTIVE DOSE EQUIVALENT 

The effective dose equivalent, He , — a new quantity proposed by the ICRP 
recommendations, gives the possibility to compare with regard to stochastic 
effects, directly and with accuracy sufficient for radiation protection purposes, 
exposures of differing dose equivalent distributions. It forms therefore a good 
general basis for the system of dose limitation as well as for comparison and 
summation of population exposures from various sources. 
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The contribution of the new quantity to the task of radiation protection 
on a national and international level, as recommended by ICRP Publication 26, 
is particularly important. No suitable unit formerly existed for complex 
comparison of exposures with non-uniform dose distribution in the organism. 
Comparison of such non-uniform exposures due, for example, to various 
diagnostic examinations, or of the dose in a few organs or, frequently, in a single 
one, i.e. the gonads, was quite unsatisfactory. Some authors have, on the basis 
of ICRP Publication 14 and of the paper by Jacobi [4], therefore proposed or used 
a quantity reflecting different risk of exposure of various organs, employing 
weighting factors assessed by the authors themselves. Regardless of possible 
reservations it would be advantageous in such studies consistently to use the 
effective dose equivalent recommended in ICRP Publication 26, and thus to 
achieve comparable results, both on a national and on an international level. 
We ourselves intend to make use of this concept in the study under way in our 
country of the dose to patients from X-ray examinations in wide radiodiagnostic 
practice. To convert the measured exposures to the dose in organs conversion 
factors are used (tissue-air ratios), set for photons of different energies and for 
a group of organs (gonads, bone marrow, lung, thyroid and uterus) within the 
framework of the extensive study by Rosenstein [5] using a Monte Carlo computer 
technique for simulating and recording the energy deposition in a heterogeneous 
anthropomorphic phantom. Data for some further organs, obtained by the 
courtesy of the authors, will enable better approximation of the He , at least for 
some examinations. However, for complete evaluation of the effective dose 
equivalent according to the concept of the ICRP, data or conversion factors for 
asymmetrical organs are needed. 

Protection of workers will be monitored mainly using secondary or derived 
limits, expressed in other quantities than He • Nevertheless, as will be discussed 
subsequently, there appear to be a number of situations, namely non-uniform 
exposures, where there is need for a direct expression of results in effective dose 
equivalent. 

From this aspect a certain vagueness in the He definition may in practice be 
a source of incorrect interpretations and unprofitable discussions. A certain 
inconsistency is found in the very definition of the dose equivalent. Although in 
accordance with ICRU recommendations the dose equivalent is at first (para 18) 
defined at a point, later on, practically throughout ICRP-26, the term is used for 
another quantity — mean dose equivalent — whose definition is not given and 
which is supplied with a-footnote only. 

Since the mean dose equivalent in an organ, a tissue, or whole body is of 
prime importance for radiation protection, it is desirable for an internationally 
competent authority to défine it and adopt it within the framework of new IAEA 
Standards. A possible definition is suggested in the Annex. 
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In this connection the question arises as to whether the use of quantity 
dose and related quantities is always appropriate and justified. The dose, as an 
intensive quantity defined at a point, requires further specification ; otherwise 
a mistaken identification of surface dose, maximum dose, and midline dose, as 
shown by Prêtre [6] — and also of the mean dose in an organ or in the whole 
body — may occur. If limitation is based on the mean dose, then, at least where 
the mass of the tissue is more or less constant, i.e. in adults, it may appear 
more advantageous (as can be seen in the Annex) to limit the mean energy 
imparted or the effective mean energy imparted as an extensive quantity directly 
associated with damage. In relation to the whole body this would correspond 
to the limit of the sum of energies absorbed in organs weighted in similar fashion 
to the effective dose equivalent. 

The dose, of course, will remain a useful quantity in characterizing distribution 
and in extrapolating from small organisms to man. 

Practical problems may also arise when determining organs and tissues that 
are to be included in computation of He in a specific exposure situation. The 
selection of five organs or tissues forming the 'remainder' is determined by the 
requirement of the highest H j , by dividing the gastro-intestinal tract into four 
separate parts, but also by the indication in para 66 of ICRP-26 to exclude tissues 
containing non-nucleated cells (these tissues are not to be considered at all in 
protection) and perhaps also tissues in which a higher incidence of malignancies 
after irradiation was not observed. In addition, a general requirement applies that 
the considered structure be treatable as a tissue or organ. A quantified life-scientist 
cannot always be available, and therefore in practice some difficulties may arise 
which it would be preferable to avert, even though a possibly inappropriate choice 
of tissues probably has only a small effect on the computed value of Hg. It is 
therefore proper to define those organs and tissues in which H must be respected 
when calculating He . 

The problem of organs is also connected with the problem of sex. Even 
though from the text of the ICRP recommendation, especially after the Stockholm 
amendment of para 38, if follows that only one limit is recommended for He 
regardless of sex, and the weighting factor for the breast is the average for females 
and males, the literature contains uses of differing weighting factors for males 
and females. The situation is not clear, however, concerning 'sex-linked' organs 
(gonads and breasts) in the reference person, i.e. whether it is a male, female,-or a 
creature gifted from either part to make an average. Even on this question an 
agreement is necessary, especially in the domain of dose limitation, and it would 
be useful to know the approach used by ICRP Committee 2 in this problem 
when computing the ALI. 

Some convention should be adopted concerning the above-mentioned organs, 
this also being indispensable with regard to external irradiation, especially with 
radiations of lower energies. 
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4. THE DOSE EQUIVALENT INDICES 

The dose equivalent index Hj is recommended for use where information 
on the dose equivalent distribution in the body is lacking. It is often not worth 
trying to obtain this information at all. On the other hand, situations may occur 
where the use of Hj j would be an overconservative approach, e.g. in partial 
irradiation of the trunk. In such cases it might be better to make directly a 
reasonably accurate estimate of He . 

Recently an attempt was made [7] to evaluate measures needed for, and 
consequences of, the introduction of the dose equivalent index in our national 
service of individual dosimetry [8]. Film dosimetry and SSTD neutron dosimetry, 
the results of which are taken as a measure of whole-body exposure, were the 
subject of an analysis leading to the following conclusions. 

Disregarding the function of the dosimetric systems in accidental and other 
overexposures of workers, their task in accordance with the new ICRP 
recommendations will be either to provide reasonably precise, reasonably 
accurate and reasonably complete data for assessing the effective dose equivalent 
and the dose equivalent in certain organs, or, since in most cases information on 
dose equivalent distribution in the trunk is lacking or not worth looking for, to 
provide data of similar quality for estimating the deep and shallow dose equivalent 
indices. 

The estimate of both indices will be based, in the first place at least, on a 
model assuming that the individual dose meter is worn in a place with the highest 
dose equivalent on the surface of the trunk and the head. Using this model, the 
contributions from different types of radiation will be summed in a conservative 
way, i.e. instead of the maximum value of the total dose equivalent the sums of 
estimated maxima of dose equivalent delivered by individual types of radiation 
in the respective part of the sphere will be considered as deep and shallow indices. 

The film dosimetry of beta and electron radiation is calibrated to give the 
results in a tissue dose 0.07 mm below the surface. The reading in Gy at 
energies up to 2 - 4 MeV then equals Hi;S in Sv. The deep index is 0.1 to 3% of the 
size of the shallow one, and since the limit of the deep index is a tenth of the 
limit for dose equivalent in the skin, the contribution of beta radiation to Hi a 
need not be considered — see also Ref. [9]. 

The film dosimetry for X-ray and gamma photons is calibrated in free air and 
the exposure or the tissue kerma from all photons, including those backscattered 
in the body, is therefore measured on the body surface. The tissue kerma is 
practically identical with the dose in a small element of tissue located at the same 
point in conditions of electron equilibrium, so that the dose meter reading in Gy 
is equal to the dose equivalent on the body surface, and therefore to the Hi;S 

in Sv too. A rare exception is the photons of energy much higher than 3 MeV, 
where the dose meter reading is closer to the H j d , whereas Hi;S is slightly smaller. 
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FIG.l. Conversion factors for photons from surface tissue kerma (or shallow dose equivalent 
index) to deep dose equivalent index Hl d and to mean dose equivalent in the core of an 
elliptical phantom (below a 10 mm layer) H and their ratio Нц/Н (frontal irradiation). For 
comparison: points derived from Ref. [12] for rotational irradiation (x), from Ref. [13] /or 
frontal (+), and for rotational irradiation (o) by gamma radiation, and from Ref. [20] for various 
irradiations in medical X-ray examinations. 

For the photons of usual energies the Hid will be smaller than H[ S, the difference 
being essentially given by the attenuation in a 10 mm tissue layer. Both a simple 
attenuation calculation and a calculation based on data for an infinite elliptical 
phantom divided near the surface into layers only 1/3 cm thick [10] yielded 
concurrently the course of Hj<j as given in Fig. 1 for the unit tissue kerma for 
frontal irradiation on the phantom surface K t j 0 • 

It is evidçnt that for the photon energies above 5 0 - 3 0 0 keV it is possible, 
at least with the usual readings, to neglect entirely the numerical difference 
between the dose meter reading in tissue kerma and both the indices and to 
dispense with the data on photon energy. 

For energies below 50 keV or for tube voltage below 100 kV the data on 
photon energy are indispensable. A sufficiently accurate indication of the mean 
photon energy is however obtained from the ratio (do/dj) of apparent doses in 
the window of the film badge and under the 0.05 mm Cu filter used in the 
film dosimetry service for corrections of film energy dependence [11]. 

Figure 1 further gives, again at unit Kt ) 0 , the course of the mean value 
(H) of the dose equivalent for frontal irradiation in the core of the infinite 
elliptical phantom lying deeper than 10 mm below the surface. It can be expected 
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FIG.2. Conversion factors for photons from shallow dose equivalent index to deep dose 
equivalent index and to mean dose equivalent in the core of an elliptical phantom 
(below a 10 mm layer) HjH\% in dependence on the film dosimetry apparent dose ratio d0/d\ 
and the photon energy. 

that the calculation of effective dose equivalent would yield a similar curve, steeper 
than the course of Hi ; (j. However, with regard to the organs positioned in front 
of the body (breast and male gonads) with large weighting factors, this course 
would be less steep than that for H. For comparison we have supplemented 
Fig. 1 with points derived from calculations by O'Brien [12] for rotational 
irradiation and for weighting factors according to Jacobi [4] as well as from 
calculations by Stranden and Wöhni [13], published for rotational and frontal 
irradiation, for the present only for 150 kV and above. (The latter data were 
derived f rom the case called by the authors 'irradiation of a woman' since actually 
it concerns a reference person.) Finally Fig. 1 illustrates the course of the ratio 
Hi ; (j/H. It is evident that the deep index for photons of energy up to 50 keV 
(lOOkV) unduly overestimates the actual importance of irradiation, the real 
measure of which is He . It is therefore worth considering whether the case of 
irradiation by photons of lower energies should not be treated in the sense of 
para 108 of ICRP Publication 26 — at least as far as the depth distribution 
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FIG.3. Typical course of dose equivalent from intermediate neutrons (1 eV - 100 keV) 
compared with typical course of dose equivalent from low energy photons. 
nt intermediate neutrons, all interactions; 
n„ intermediate neutrons, neutron interactions; 
np intermediate neutrons, photon interactions; 
Pi s keV photons, 25 keV (50 kVj; 
P13 keV photons, 13 keV (25 kV). 

is concerned — rather than as a case of known distribution, and whether in such 
a case the results of individual dosimetry should not be converted to He instead 
o f H i , d . 

The abolition of an overconservatism involved in the conversion of the 
results to Hi d requires at least approximate knowledge of photon energies, 
which, together with information on the prevailing orientation of the irradiation, 
is yielded by film dosimetry. Conversion factors in dependency on d 0 ld i are 
illustrated in Fig. 2. 

The usual TLD and similar dosimetric systems do not yield, however, any 
of the above information; this constitutes a certain limitation of the applicability 
of these systems. At lower photon energies, e.g. with medical X-ray equipment, 
systematic and undue overestimation can be avoided using these dosimetric systems 
only if the worker does not change between workplaces having differing energies. 
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As in many other laboratories, neutron SSTD dosimetry is calibrated in 
units of the mean dose equivalent in the 57th element of Snyder's phantom (HS7). 
On the basis of calculations by Snyder [14] and Zolotukhin et al. [ 15] for an 
infinite elliptic phantom it was estimated that for fast neutrons above 100 keV 
it is possible within an error not exceeding 10% for Hid and 20% for H i s to take 
H57 as approximately equal to Hi;S and H^d, and that for intermediate neutrons 
from 1 eV to 100 keV the Hi;S is not higher than H57 , and Hi;d is about 30% 
higher than H57 . 

To avoid overconservatism, to which Prêtre [6] has already drawn attention 
and which was discussed in detail by Prouza et al. [16] it was found necessary to 
express separately the results for fast and for intermediate neutrons and to modify 
the evaluation of neutron dose meters so that the result would not comprise the 
dose delivered by photons emitted at the neutron capture by the tissue hydrogen 
atoms. This component of neutron dose equivalent is already registered by the 
obligatory film dose meter. When retaining the calibration technique used until 
now the elimination of the photon component results for intermediate neutrons 
in the equality of Hi)(j to 0.6 H s 7 , whereas for fast neutrons Hi d remains with 
reasonable accuracy equal to H5 7 . 

As is seen in Fig. 3 the non-photon component of the dose equivalent 
from intermediate neutrons exhibits a similar distribution in the trunk as the 
photons of energies about 15 keV. This led to the conclusion that Hid for 
intermediate neutrons is, as is the case with soft X-rays, unduly conservative and 
that it can be replaced by an estimate of He-

5. REFERENCE LEVELS 

The concept of reference levels as proposed by the new recommendations, like 
the system of limits, is not only a suitable classification of values important for 
radiation protection, but a very practical guide. The introduction of registration 
level is very useful for discarding unimportant data. Our experience from 
monitoring programmes indicates, however, the possible advantage of having more 
than one investigation level in some programmes. 

The initial most general model, linking the directly measured quantity with 
that in which significant values, e.g. primary limits or reference levels are given, 
is necessarily based on a series of conservative assumptions so as to entail an 
appropriately small risk of false negative conclusions. This is admittedly achieved 
at the cost of a rather high risk of false positive conclusions. If the assessment 
based on this most general model indicates an exceeding of the significant value, a 
new more complicated and less general model is taken, in which on the basis of a 
partial and reasonably simple investigation one or more conservative assumptions 
are replaced by new assumptions corresponding better to the given situation. The 
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result of the new assessment is then again compared with the significant value. 
The small risk of false negative conclusions will be retained in the new model, 
but the risk of false positive conclusions will be decreased. The choice of new 
complicated models may lead to a need for more specific and more expensive 
investigations which may be justified only if their cost is less important than the 
consequences of accepting a value based on less specific investigations. This gradual 
improvement in the adequacy of a model can be demonstrated with a standard 
method approved by the Czech Ministry of Health [ 17], for monitoring exposure 
of workers to tritium. Only the main features of the steps prescribed during 
routine monitoring are given here. 

If the minimum significant number of counts [18, 19] is not exceeded in 
a sample of urine, zero is recorded in the laboratory protocol. It means that the 
result is lower than the minimum detectable activity concentration, which must 
be lower than the derived recording level (1/10 of a fraction of the ALI). If the 
recording level is not exceeded, the intake is treated as zero in the personal dose 
record of the worker. If the recording level is exceeded, the intake is assessed 
on the assumption that it occurred in the middle of the monitoring interval and 
to a reference person. If the first investigation level is exceeded too, in addition 
to measures already mentioned any possible contribution from the intake during 
the previous interval is subtracted from the result and if there remains an 
excess above the investigation level, the determination of tritium is repeated by 
a method excluding the influence of organically bound tritium. If the second 
investigation level is exceeded, too, in addition to measures mentioned at the 
previous step, a new assessment of the intake is performed after modifying the 
assumption of the intake in the middle of the monitoring interval to produce an 
assumption corresponding better to reality. If the excess remains important, 
the assessment of the actual intake and of the dose equivalent or dose is 
performed in close collaboration with the central research institutes of the 
hygienic service on the basis of biological half-life and other parameters 
determined for the given case of contamination. The second investigation level 
in monitoring for tritium was set at 3/10 of the dose equivalent limit (ALI), the 
first corresponding to that proposed by ICRP Publication 26 — a fraction of 
3/10 of the dose equivalent limit corresponding to the number of monitoring 
intervals in a year. If a third intermediate level would be advantageous, the 
quoted fraction of the full limit can be considered. 

For external radiation, the following steps can be linked with different 
investigation levels: the transition from Kt ; 0 to Hi)(j with regard to the photon 
energy, transition to He at low-energy photons, detailed analysis and recalculation 
of the results with respect to the orientation of the body, partial irradiation and 
other aspects. For neutron exposure the evaluation of the neutron SSTD dose 
meter will depend on the exceeding of the first investigation level on a photon 
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dose meter set for individual types of work [16] with regard to the primary and 
secondary gamma radiation accompanying the particular neutron source emission. 

The problems discussed do not contradict the appreciation of the new ICRP 
recommendation quoted in the introductory part of this paper. They rather 
reflect its capacity for stimulating efforts aiming at realizing the system of dose 
limitation in practice. 
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Annex 

THE MEAN DOSE EQUIVALENT - PROPOSAL'FOR A DEFINITION 

The mean dose equivalent H in a tissue (organ) of mass m or density p 
in volume V, if no other modifying factors than quality factor Q apply, is given 
by the equation 

f j 
Г dD Q pdVdLoo dLoo 

- 0 V -
H = = QD (1) 

f p d V 

V 

where 

/ D p d V 

Б - O j - i ,2) 
JP<IV 
V 

is the mean dose 

Q is the mean in volume V of the average value of Q as defined in 
ICRU-25 paragraph 14, 

Loo is the linear energy transfer, and 

? is the mean energy imparted (or integral dose) in volume V as 
defined in ICRU-19 part В paragraph 6. 

The combination of Eqs ( 1 ) and (2) gives 

- Г dD 1 Г dě Që 
H = / Q — d L o o = - / Q — — dLoo = — (3) 

J dLoo m J dLoo m 
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DISCUSSION 

A.B. DORY: You spo'ke about optimization used to determine the levels 
of 226 Ra allowed in pit water releases. Did you at tempt to carry out optimization 
calculations for radon-daughter exposures in mines, and if so, how did you 
convert f rom exposure to dose to the lung? Did you use the same value of 
40 000 Czech crowns for the Sv or did you assign a value to the WLM? 

E. KUNZ: The authors of Ref.[2] in our paper performed an a posteriori 
cost-benefit analysis of a new ventilation system recently introduced in a uranium 
mine in order to verify its effectiveness from an optimization point of view. 
In this analysis, a monetary equivalent of the WLM was used. 

M.J. CLARK: Would it be possible to have for the record some sort of 
conversion of your quoted 40 000 Czech crowns per man-sievert into dollars 
per man-sievert? 

E. KUNZ: I am sorry, we have not made any such calculation and I do not 
feel competent to do it now. 

O. ILARI: In connection with Dr. Dory's question on optimization as applied 
to radium removal f rom pit water and the associated conversion to dose equivalent, 
I should like to stress that optimization may still be applied even if conversion of 
WLM or similar unites to dose equivalent is difficult or impossible. The optimization 
process can, in fact, be carried out with the man-WLM as the measure of detriment 
rather than the usual man - rem or man • siever-fc-^ 

Perhaps I can also take this opportunity of mentioning that the suggestion 
has recently been made that non-monetary units be more widely used for the 
parameters in optimization. A possible example of this is tons of concrete per 
man-rem for a. in shielding calculations. 

L.G. BENGTSSON: I have two comments and a question for Dr. Kunz. 
Firstly, our own measurements on patients in medical radiology have shown that 
it may be sufficient to use the mean energy instead of the effective energy 
imparted for the assessment of patient detriment and I believe this possibility 
should be fur ther explored. 

Secondly, the "remainder" weighting coefficients are certainly important. 
For instance, the detriment to patients in dental radiology according to our 
estimates is dominated by salivary gland cancer, for which no explicit weighting 
factor has been given. 

Now for the question. The Hid curve in your Fig.l is considerably below 
the corresponding curve derived from papers SR-36/20 and 30. Can you 
explain this? 

E. KUNZ: The differences are due to normalization. Our data were 
normalized to the tissue kerma on the phantom surface and they therefore 
include the backscatter contribution since this is measured by the dose meter. 
The curves in paper SR-36/30 are normalized to the kerma in free air. 
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Y. NISHIWAKI: You said in your paper that if the minimum recording 
level is not exceeded, the intake is treated as zero in the personal dose record of 
the worker. I presume that this procedure is based on the recommendation 
in ICRP-26 to the effect that unrecorded results (below a formal recording 
level) should be treated as zero for assessing annual dose equivalent or intake 
in radiation protection calculations. Could I ask you if the recording level is 
taken in Czechoslovakia to be more or less equivalent to the exemption level 
below which no regulatory control for radioactive materials is required? If not, 
do you have any other exemption level for radioactive materials, below which 
neither regulatory control nor recording is needed for release into the environment? 

I ask this question because we have some difficulty in Japan in introducing 
the recording level recommended in ICRP-26. While many operational health 
physicists wish to adopt this level, there seem to be legal and administrative 
problems involved. If, for example, a sick person claims that his illness is due 
to the effects of radioactivity from a nuclear power station and therefore sues 
the power company, this company might experience considerable difficulty 
in the subsequent legal proceedings if relevant records of low-level radioactivity 
were not kept. 

E. KUNZ: We do not relate the recording level of a monitoring programme 
to the so-called exemption values for the regulatory control of radioactive 
materials. It would be very difficult to do so because the exemption values we 
use (those recommended in the IAEA Safety Series No.9, 1967 edition) refer 
to both the specific and total activity, while the reference value in question 
(registration level for tritium in urine) refers only to the activity concentration. 

There is no such thing as a national exemption level in Czechoslovakia 
and each release of radioactive material into the environment has to be considered 
and approved by the competent authorities. 

Z.N. BEEKMAN: I was very interested in your standard tritium monitoring 
programme and I would like some more details. Could you, for example, confirm 
that the sampling interval is 14 days and could you explain why you want to 
exclude the effect of organically bound tritium? 

E. KUNZ: Yes, the basic sampling interval is 14 days. The levels discussed 
in the paper relate to НТО. The initial determination involves measurement 
of natural undistilled urine. Then, if, as described in the paper, the investigation 
level is exceeded, part of the sample is passed through an activated charcoal 
filter and distilled to exclude the possible effect of organically bound tritium. 
If there is a big difference in the results of the two determinations, a further 
investigation will be carried out to determine more precisely the extent of 
contamination with organically bound tritium. 

V.K. GUPTA: I would just like to comment here that the importance of 
accurate dosimetric techniques and of allowance for the restrictions imposed 
by the minimum detection limits should be borne in mind in the practical 
application of ICRP-26. 
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Abstract 

OPTIMIZATION AND PUBLIC RADIATION EXPOSURE: SOME PROBLEMS IN 
PRINCIPLE AND PRACTICE. 

In its 1977 recommenda t ions the Internat ional Commission on Radiological Protect ion 
has laid part icular emphasis on application of the principle of opt imizat ion in setting controls 
on t he disposal of radioactive wastes tha t will result in radiat ion exposure t o t he public. This 
principle has been followed in the UK for a long time though it is only recently tha t it has 
been possible t o apply an even semiquanti tat ive technique in its application. The paper 
examines the principles of different ial cost-benefi t analysis and discusses problems in applying 
this technique . Considerat ion is given to the assessment of parameter values to be used in the 
different ial cost-benefit equat ion, these being protect ion costs, collective dose commi tmen t 
(and, f r o m it, heal th de t r iment) and the more difficult process of at taching a cost t o social 
de t r iment . Finally, the application of the technique in practice is discussed by il lustration of 
experience gained in the control of liquid e f f luen ts f rom nuclear power stat ions and a fue l 
reprocessing plant. It is found tha t despite the complexi ty of the technique and the technical 
difficulties in est imation of many of the parameter values, especially det r iment , different ial 
cost-benefit analysis fills a useful if l imited role. However, a great many value judgements , some 
of t h e m implicit in developing data t o pu t in to t he overall equat ion, are still required. 

1. I N T R O D U C T I O N 

In its 1977 recommendations [ll the International C o m m i s s i o n 
on Radiological Protection (ICRP) has laid particular emphasis on 
application of the principle of optimization in setting controls on the 
disposal of radioactive wastes that will result in radiation exposure of 
the public. T h e basic principle is not new, indeed there is a long-
standing precedent for its adoption in the U K through controls on other 
pollutants. However, the increasing attention being paid to optimiza-
tion m a k e s it appropriate to review its application in the U K and in 
particular to examine the use of differential cost-benefit analysis and 
the problems associated with application of such techniques. 

2 7 1 
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The statutory instrument through which control of radioactive 
wastes is achieved is the Radioactive Substances Act (1960)[2]. By 
this means the principles of the White Paper 'The Control of Radio-
active Was t e s'Гз] are put into practice. The White Paper sets out three 
objectives in paragraph 117 to be met in setting limits on discharges of 
radioactive waste. The first is that no m e m b e r of the public shall 
receive more than one-tenth of the ICRP-recommended dose limit for 
occupational workers. The second is to ensure that the average per 
caput dose does not exceed one rem in 30 years. These limits were 
consistent with the ICRP-recommendations current in 1959, when the 
White Paper was published. The third objective is to do what is rea-
sonably practicable having regard to cost, convenience and the national 
importance of the subject to reduce doses far below these levels. In 
working to these objectives the U K has kept in step with developments 
in ICRP thinking and the National Radiological Protection Board has a 
statutory duty to advise on the application of basic standards. Accor-
dingly they have endorsed the use of the 1977 ICRP-recommendations 

In practice there has been a long history of application of the 
principle on a case-by-case basis using a high degree of professional 
judgment in deciding the merits for and against procedures that result 
in particular releases. Indeed, until recently, judgments of this kind 
were the only action possible, until semi-quantitative techniques had 
been developed which permitted better weighing of the arguments. 

2. T H E BASIC A P P R O A C H 

It is not the purpose of this paper to attempt a full discussion 
of either cost-benefit analysis or differential cost-benefit analysis . 
(DCBA) for these have been treated at length in various I C R P ' - 5 ^ 
and I A E A ^ ] documents. However, it is necessary to consider parts 
of the D C B A philosophy to show the basis of the methodology that 
has been applied and to indicate where difficulties arise. 

The situation which is generally considered to represent 
optimization in respect of a particular process resulting in a collec-
tive dose commitment S c is where there is a balance between the 
costs of achieving protection (X) and the benefits in terms of reduction 
in detriment (Y) such that 

_ dX_ = dY_ 

" dSc ~ d s c 
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In the generalised representation of this balance the variation of X with Sc 

is regarded as a smooth curve decreasing with increasing Sc whilst Y is 
taken to increase linearly with Sc. The result of adding X + Y is a 
smooth curve with a single broad minimum. 

In practice it is doubtful if any of these statements is true. The 
variation in protection costs in terms of treatment plant required to 
achieve removal of radioactivity from a given effluent is likely to be a 
step function of the protection achieved. Take for example the boundary 
condition where a treatment plant is at its limit of performance. In 
order to achieve even a small improvement in decontamination factor an 
extra stage, perhaps even a doubling of the process, will become 
necessary,involving a relatively large increase in capital outlay as well 
as other (e.g. operating) costs. Furthermore,one of the implications 
of improved decontamination is likely to be higher occupational exposure -
a cost to be added in with capital and operating plant costs - whilst 
another is that more management of the extracted radioactive material 
will be needed whilst it decays or until it is eventually disposed of. 
As S c (to the public) decreases,the slope of X gets steeper and steeper; 
however, if instead of regarding increasing occupational exposure as a 
cost to be added to X it is included with the dose commitment to the 
public, then there will come a point where in terms of total detriment 
to the whole population a further increase in treatment plant would 
become counter-productive. 

Again in the simple case, the detriment Y is taken as being pro-
portional to dose, related by a constant factor which represents the 
monetary value of a man- sievert. As a measure of the health detriment, 
this relationship may be true but only if use of the same value is appro-
priate at all values of Sc. Social aspects of detriment are most unlikely 
to vary in direct proportion to dose so that the slope of the curve 
between total detriment and Sc becomes complex. In consequence there 
may be not only one but several minima in curve of X + Y against Sc 

and attainment of the condition 

d x d Y к • — — = — — may not then be unique. oC cjC 
d d 

In practice this problem may be less severe than those which follow 
from computation of parameter values. Nevertheless, it must be 
borne in mind in considering the reliability of judgments based on DCBA. 
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3. T H E ASSESSMENT O F P A R A M E T E R V A L U E S 

3.1 Protection costs 

The basic element of protection costs, that of the installation 
and operation of waste treatment/extraction processes, is probably 
the easiest parameter to assess. Nevertheless, there are associated 
problems, especially as a range of effective costs can be derived for 
the same process,depending on the accounting procedure adopted and 
such factors as the length of the period over which capital costs are 
amortized and rules for incorporation of interest rate, etc. The total 
cost of achieving protection must include more than mere capital out-
lay on provision of treatment plant and expenditure incurred in its 
operation. In operation of a treatment process, waste will be pro-
duced in an alternative form, such as ion exchange resin, chemical 
sludges or filters, to that which would have been disposed of in an 
untreated form. Whilst recycling of wastes which contain fissile 
materials may yield some which can be reused, most of the product will 
be waste and must be stored prior to eventual disposal. In an overall 
cost-benefit analysis it is important that the storage and eventual dis-
posal costs are included as well as the occupational radiation exposure 
that may occur meantime. Some public radiation exposure is still 
likely to occur - unless it is feasible to store until decay is effectively 
complete or until a disposal route becomes available from which there 
is no significant return to man and this factor must also be taken into 
account. One of the problems in a total assessment of this kind is the 
accurate prediction of both costs and detriment from a disposal intended 
to be undertaken at some time in the future, especially when there is 
uncertainty over the availability and radiological consequences of parti-
cular disposal routes. 

The conclusions about estimation of protection costs are that a 
total assessment is complex, and that there are elements which are 
difficult to determine accurately, so that there will be uncertainty in 
their reliability. Uncertainties will be minimized with consequent 
increase in reliance that can be placed on them if a systematic account-
ing procedure is applied. This will be especially necessary in compa-
rative assessments, to form a judgment on which among a number of 
alternative procedures is to be preferred. 

3. 2 Collective dose rates and dose commitments 

As well as providing the basis for estimating collective dose 
commitment and from it for providing a measure of (health) detriment, 
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approximate values of collective dose rate Š have been calculated regu-
larly for some years'-7 ' for the major releases of liquid radioactive 
waste in the U K to demonstrate compliance with the second objective 
of national waste disposal policy'-̂ -', that of ensuring that the average 
dose does not exceed 1 rem per person in 30 years. Experience thus 
gained has shown where particular difficulties arise and has been use-
ful in developing practical methodology^8Кэ] for estimation of Š for 
the public from the more significant sources of liquid radioactive 
waste disposal. 

In the application of values of S to derive collective dose commit-
ment, Sc, use has generally been made of the simplifying assumption 
that the annual dose rate will be equal to the dose commitment from one 
year of release when a steady state situation has been reached in the 
environment. An implicit assumption is that the population distribution 
and the parameters that determine the dose that they receive (such as 
foodstuff consumption rate) remain constant throughout the effective 
lifetime of the radioactive material that has been released. For radio-
nuclides that deliver most of the dose within a short period (say a few 
years) of release, this assumption is unlikely to give rise to serious 
error. However, it may present a gross over-simplification for long 
half-life radionuclides for there is little chance of being able to predict 
the size, distribution or habits of future populations with accuracy. 

One of the most severe practical difficulties in making estimates 
of collective dose rates arises because it is necessary to have a dose 
distribution model (based on a model of concentrations of radioactive 
material in the environment) valid over great distances. Dispersion 
models valid over small distances have been derived for the aquatic 
environment and found to be of adequate accuracy for control purposes I-
but their extension to distances over which it has been necessary to 
compute collective doses from, for instance, caesium discharges from 
Windscale has only been achieved on an empirical 

In practice it is external exposure pathways (e.g. occupancy of 
beaches) more than internal pathways (e.g. foodstuffs) that give rise to 
problems of estimation and uncertainty of the result. Not only is the 
effective population distribution hard to predict but also the exposure of 
individuals within the population. For example, the extent to which an 
individual spends time in a contaminated area varies widely; occa-
sional visitors to a beach may use it for recreational purposes for only 
a few hours per year but regular visitors, especially local inhabitants, 
will spend much longer there whilst there may be still higher values for 
those who derive a living from an occupation associated with the fore-
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shore. Moreover the distribution of radiation level with distance does 
not vary in any simple manner because of the influence of sorption 
characteristics of different types of sediment. On the same beach, 
variation in radiation level by a factor of 10, or more, has been experi-
enced between doses over banks of soft mud, the fine particles of which 
more readily absorb many gamma-emitting fission products than those 
over firm sand made up of coarser material. 

Calculation of collective doses from internal exposure pathways 
due to ingestion is much simplified when the total amount of the product 
eaten is known. The need to know either the number of people eating 
the fish or anything about their individual consumption rates may then 
both be circumvented. A reasonable knowledge of the distribution of 
radioactivity in the appropriate fish stocks is needed. However, in 
the situation in which most experience in the UK has been derived, 
liquid waste disposal from Windscale'- ̂  , it has been found that great 
detail has not been necessary. In the case of Windscale-derived 
caesium-137 in coastal and shelf waters around Great Britain it has 
been feasible to categorize fishing stocks into only a few zones. Though 
concentrations in the sea water decrease steadily with distance and can 
be used to derive estimates of the concentrations in fish if no direct 
monitoring data are available, the fish stocks themselves do not appear 
to reflect the fine structure of the water concentration vs. distance 
picture. This is explicable when the migratory nature of fish is con-
sidered together with the period required for equilibrium to be attained 
between fish and water. 

One final problem common to the assessment of collective dose 
through either type of pathway is that of termination of the integral 
both in space and time. In the empirical approach applied to the fish 
consumption pathway this has often been done, albeit somewhat impli-
citly, by terminating at the point where analytical detection limits are 
reached. Extension beyond this stage requires mathematical modelling 
of dispersion, the accuracy of which is dubious but certainly much less 
than the empirical model. However, whilst no cut-off should perhaps 
be applied in principle, it does not appear that a large error has been 
introduced by setting cut-off at the northern boundary of the North Sea, 
i.e. excluding fisheries to the north of latitude 62°N,because the 
relative magnitude of possible doses from this area is small. This does 

* not necessarily mean that it will continue to be acceptable to proceed 
in this way. 

Despite the simplification of collective dose calculations made 
possible by the grouping of fished stocks it is still a time-consuming 
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operation to proceed in this way and a model developed by Shepherd 
(pers. comm.) has provided a simple, direct and convenient means 
of deriving collective dose rate. Here: 

where к is a factor linking dose to ingestion of the radionuclide whose 
decay constant is А, у being its concentration factor from sea water. 
F is the rate of extraction of edible fish from the area whose mean 
depth is d, p being the density of water. The underlying assumption is 
that, except by radioactive decay, none of the radionuclide concerned 
is lost from the water mass, in this case the waters of the north-western 
European continental shelf. It is also assumed that fishing effort is 
uniformly distributed and that the mean depth can be described with rea-
sonable accuracy. Despite these simplifications it has been shown to 
be reasonably accurate for many purposes, predicting a collective dose 
commitment of 0. 6 man- rem- Ci--'- (0.16 man- Sv- TBq - 1) for l^Cs. 
This may be compared with a value calculated from environmental 
data in the probably near-equilibrium conditions of 1976 of about 0. 2 
man. rem- Ci-1 (0. 05 man-Sv. TBq-1). The latter is likely to be an 
underestimate of the true value because certain components of the 
total dose have been ignored such as the contributions from fisheries 
north of latitude 62°N and industrial fisheries. Nevertheless, the 
error is not likely to be significant, certainly small enough for the 
formula above to be used with confidence as indicating an upper limit. 
The same formula has been applied to t r i t i u m [ 12] (but not in this case 
checked with environmental data), indicating a value of 2 x lO-^ 
man.rem. Ci-1 (5 x 10~6 man-Sv- TBq"1). 

Such models can only be applied to restricted sea areas when 
the radionuclide is not of long half-life - up to a few tens of years. 
For longer half-life radionuclides dispersion through the whole or a 
substantial fraction of the world's oceans might have to be considered; 
onthisbasis an upper limit value of 50 man. rem. Ci-1 (14 man- Sv-
TBq"1) has been derived(Jefferies , pers. c o m m . ) for plutonium-239 
through fish and shellfish consumption. This assumes no loss onto 
sediment and that the plutonium remains wholly available for uptake 
into fish and for these reasons alone must be regarded as an extreme 
upper estimate and only very approximate. Doubts as to the validity 
of other parameter values, particularly the assumed scale of fishing, 
add to the uncertainty of the overall result, though the most difficult 
prediction to make, common to most estimates of collective dose 
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commitment on a global scale, is avoided - that of the size of future 

world populations. 

3.3 Detriment 

The assessment of detriment falls into two parts - the so-called 

health detriment, which since the advent of techniques to attach a mone-

tary cost to collective dose can be quantified in a systematic manner, 

and social detriment, for which no such techniques yet exist. 

3. 3.1 Health detriment 

The principal element in derivation of values of this parameter 

is the allocation of a monetary value to the cost of human life, which 

together with risk factors adopted by thé ICRP permit the cost of col-

lective dose to be calculated. Various methods of deriving monetary 

values for human life have been considered including those that appear 

in the literature. Value judgments play a large part in any procedure 

so that the methodology of any particular system is arguable, and that 

which has been used at Fisheries Radiobiological Laboratory (FRL)L13j 

is certainly not without shortcomings. 

Direct attempts at estimating the cost of injury or loss of life 

are objectively very difficult and the preferred alternative has been to 

develop an assessment of cost from the standpoint of what society is 

apparently willing to pay to avoid a given detriment. The distinction 

is drawn between identifiable and statistical deaths; and the procedure 

adopted applies to the latter rather than to situations where the identity 

and circumstances of the victim are known. Whilst the cost of avoid-

ing an 'identifiable' death might provide a reasonable basis, the enor-

mous variations between specific examples seem to dictate against it 

as a practicable approach. 

Shepherd and Hetheringtont 131 considered that the price that 

society is prepared to pay to avoid a death is equal to that to avoid a 

seriously incapacitating injury and developed a basis from the pro-

cedures adopted by courts in estimating damages for compensation 

for such injury. The cost was made up of economic loss, e.g. loss 

of earning power etc, and affective losses both to the individual due to 

pain and suffering, and to others. With liberal use of the data they 

deduced a total risk-avoidance payment which, adjusted to 1979 prices, 

is about £0. 5 M per death. Combined with a risk coefficient for somatic 

effects, such as if often used, of 10"^ deaths* rem (10~2 deaths •Sv--'-) 

this suggests a rounded value of about £50 man-rem"^ (£5 000 man- Sv-1). 

Allowance is needed for the effect of genetic abnormalities; Shepherd 
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and Hetherington added 150% to their somatic cost, their total cost at 
1979 prices being therefore £125 man-rem - 1 ( £12 500 man-Sv_1). How-
ever, using more recent advice from an addition of 80% is now 
the appropriate value.leading to a cost of £90 man- rem--1 (£9 000 man-
Sv~l). Admitting that many of the values of factors in the calculation 
are themselves rounded, the value of the total cost can only be taken as 
very approximate and a reasonable value to use is considered to be £100 
man-rem - 1 ( £10 000 man-Sv"^). Recognizing that generally pessimistic 
values of factors have been used, this cost should be regarded as an 
upper limit. 

3.3.2 Social detriment 

Whilst advances have been made in the quantification of health 
detriment, the numerical evaluation of intangible detriments remains 
difficult - factors have to be taken into account such as general anxiety, 
loss of amenity, etc, loss of public confidence in electricity suppliers 
(with numerous possible secondary consequences) and international 
repercussions of the effect of a waste disposal procedure that has con-
sequences for other countries. Nevertheless, it is important to recog-
nize the existence of these many moral and aesthetic factors and the 
part they may play in the evaluation of total detriment for the purposes 
of applying DCBA. In practice they do influence judgments made on 
discharge limitation and as such are properly allocated in the D C B A 
as a detriment even though their quatitative expression is difficult. 

Recognizing this, ICRpC 5] suggested "that they should be given 
weight by informed though subjective judgment" and pointed out that 
"previous applications of such judgments have the effect of setting crude 
numerical values on these intangibles and that these values can be used 
with advantage for subsequent decisions and will help in maintaining a 
consistent approach". In practice it is doubtful whether analyses of this 
kind can provide much real assistance. They serve to show the reality 
of such a component of total detriment and the motivation which exists 
on the part of a plant operator to win respect by keeping discharges lower 
than might be justified on grounds of health detriment alone. However, 
there is such a large variation from one situation to another, for a 
variety of often complex reasons, that it has not been found possible to 
develop this idea so far. To develop it at all seems to call for a status 
quo having been established where political, official and public attitudes 
have settled down into a predictable pattern. This is far from the case 
at present and it seems doubtful if a decision taken, say, 10 years ago, 
and upon which a discharge limit was then set, is sufficiently relevant 
to be applied to a new situation. Social values and attitudes are them-
selves liable to change and in these circumstances, the existence of 
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intangible social factors contributing to total detriment is recognized but 
not quantified, being incorporated into the overall D C B A solely on a 
value judgment basis. 

4. S O M E U K SITUATIONS IN PRACTICE 

Because of the difficulty of being sure that a true optimization 
has been attained, procedures that have been followed at FRL, in its 
role of advising on appropriate effluent release limits and their ade-
quacy, resemble a kind of D C B A in which the aim is to ascertain 
whether the (discharge) limit is already set at a sufficiently low level 
that the cost of imposing a reduction could not be justified in terms of 
the benefit (i.e. reduction in detriment). This is not a true optimiza-
tion because any position on the curve of total net cost on the low dose 
side of the minimum of the curve will be deemed to be satisfactory. 
Such a policy is open to criticism,for though dose, especially to the 
public, is kept down, the financial cost is unnecessarily large and may 
be excessive. However, considering present attitudes, this is regarded 
as preferable to the reverse situation. 

In providing illustrations it is not possible to go into depth on 
issues which are still under review; instead, selected examples are 
quoted to bring out points of special importance that govern how far 
this limited kind of 'optimization' can be applied in practice. 

4.1 Nuclear power stations of the Central Electricity 
Generating Board (CEGB) 

The first of the magnox reactor nuclear power stations of 
C E G B commenced operation in 1961/62 and their liquid waste disposal 
authorizations reflected a judgment of the day on the operational needs 
of these units, it having first been established that the first and secon-
dary policy objectives'-of dose limitation had been met. This 
represents the simplest yet most direct form of optimization which 
depends on the sole use of value judgements. Vindication of this 
approach, in the context of later more sophisticated techniques using 
quantification of collective dose, comes from a judgment of the detri-
mental cost associated with the main dose-producing component of 
their discharges, caesium-137, for it has not been necessary to 
amend the authorizations in recent years. Treatment plant has been 
installed to remove caesium-137 (and caesium-134) from liquid' 
wastes at most of the earlier nuclear power stations and an important 
point can be made from experience where relatively large quantities 
of caesium-137 have been extracted and where the expenditure on 
treatment plant would be expected to be most cost-effective. Even 
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there, the health detrimental costs associated with the discharge 
reduction have been substantially less than the expenditure committed 
by the C E G B to achieve this reduction. Put in another way, the health 
detrimental costs did not on their own justify the treatment plant expen-
diture and the margin by which the former fell short of the latter may 
be taken as indicative of the scale of social detriment as judged by a 
plant operator. In making the decision to install treatment plant, it 
has to be noted that C E G B had to take other considerations into account 
such as the continued viability of the power station as an operating unit 
and the need to be able to cope with fluctuations in stocks of irradiated 
fuel in the cooling ponds. Such factors clearly affect judgments of this 
kind and can be an important aspect of intangible detrimental costs. 

The rather special case of Trawsfynydd illustrates a further 
point. Here, due to local environmental factors, particularly the 
small size of the water mass receiving the liquid wastes from the 
power station and the characteristics of the critical pathway, rather 
higher individual doses occur than at coastal locations and as a result 
a specific limit is in force on caesium-137 discharges (7 Ci (0.26 TBq)-
a
-l). The additional point shown by experience at Trawsfynydd is that, 
due to the overriding constraint of the ICRP dose limits, the C E G B 
have committed much greater expenditure than the health detriment 
costs alone would justify. Had they spent only a rate dependent on 
the latter, doses to the more highly exposed members of the critical 
group could have exceeded the ICRP dose limit. 

4.2 Windscale 

4.2.1 Caesium-137 

Negotiations to revise the Windscale authorization for disposal 
of liquid radioactive waste into the Irish Sea started before there was 
much experience in applying D C B A techniques to radiological protec-
tion» Initially (1972) the aim of the authorizing departments was to 
require, as a minimum, that public radiation exposure should be no 
higher (and preferably less) in the future than that which had occurred 
before. Reflecting the U K attitude to a case-by-case approach (and 
in this context each pathway) the departments also held that doses 
should be kept as far below these limits as is reasonably achievable, 
the individual radionuclide release rate limits being dependent on the 
appropriate pathway. These two aims therefore represented a value 
judgement type of optimization appropriate at the time. In the early 
1970s caesium discharges were estimated to be generating only a 
few per cent of the ICRP dose limit and no obvious justification 
existed for imposing a lower limit than the then ruling discharge rate 
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of up to about 40 000 Ci (1 500 TBq).a-1. The implication of authori-

zation at this rate was studied and the operators (BNFL) considered 

that treatment plant would be required to meet it whilst authorization 

at 60 000 Ci (2 200 TBq)-a_1 would imply no need of treatment plant. 

Here then was an opportunity for putting D C B A to the test: a rate 

of 60 000 Ci (2 200 TBq)-a_1 with no treatment plant as opposed to 

40 000 Ci (1 500 TBq)-a-1 with treatment plant. Studies showed that 

the treatment could not be justified, a simple analysis demonstrating 

that its cost, before allowing for the dose to the workforce or the 

cost of eventual disposal of the extracted caesium, would be signifi-

cantly higher than the value of the saving of the health detriment to 

the public. 

By mid-1974 the situation had changed abruptly. Discharges 

had escalated and though they were (and have remained) within the 

authorized limit set by the overall gross beta limitation and critical 

group exposure has been within the ICRP-recommended dose limit, 

other considerations began to play a larger part. As discharges rose 

to more than 100 000 Ci-a-1 (3 700 TBq-a-1) and the collective dose 

rate in proportion, the annual cost of the health detriment rose to 

about £1 M. This is again a maximum cost and on its own would not 

necessarily have justified installation of the treatment plant that is 

now being built. Additional factors that influenced the decision 

included a consideration of exposure to workers in the cooling ponds 

where caesium was arising, the need for operational control together 

with the intangible detrimental costs of an enhanced collective dose 

commitment and the increasingly obvious presence of Windscale-

derived caesium in far distant waters. This combination of reasons 

is listed partly to show that the range of factors that contribute 

towards decision making can be quite complex but also to indicate 

that the effective total detrimental cost is not ß simple measure in 

direct proportion to discharge rate or collective dose commitment. 

It is subject to thresholds - in this case when the rate of waste 

arisings rose sharply, about 4-fold, during 1974. 

4. 2. 2 Long half-life radionuclides 

Application of D C B A to long half-life radionuclides such as 

plutonium-239 and iodine-129 poses additional problems because 

most of the dose from their disposal (and therefore the detriment) 

would occur over a very long period, most of it long after the expen-

diture on treatment plant has been met. Much will depend on the 

efficacy of the whole management system - including the eventual 

disposal, for unless a higher degree of isolation from the environ-
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ment of man is achieved by treatment than will be achieved by dispo-
sal without treatment no significant saving in dose commitment will 
have been achieved. In making a D C B A judgment on a long half-life 
nuclide it is therefore essential to cost the eventual disposal. Finan-
cial discounting procedures can also have a very great influence on 
the overall judgment. These have not been applied to judgments 
made at F R L on radionuclides such as caesium-137, the periods 
over which the costs of detriment and treatment plant are incurred 
having been taken as coincident. The same cannot be assumed when 
the half-life is very long and an additional problem is then whether 
use of even a very small discount rate can be justified, for this 
would eliminate a large part of the collective dose commitment for 
a radionuclide like plutonium-239. Whilst in the 'no treatment 
alternative' (with attendant higher detrimental costs) it is true that 
the costs saved are not invested in an explicit fashion, the resources 
saved are being conserved and will be available for use by future 
inhabitants of this planet. Accordingly it is conceivable that an argu-
ment for discounting could be mounted but no conclusions have been 
reached on an appropriate rate nor on an appropriate procedure. 

5. CONCLUSIONS 

Despite the complexity which is introduced when attempts are 
made to set controls on the disposal of radioactive wastes by appli-
cation of numerical techniques of cost-benefit analysis and differen-
tial cost-benefit analysis, they have been found to fill a useful, if 
limited, role. There remain many technical difficulties, problems 
of estimation of components of parameter values, especially detriment, 
and these must inevitably limit the accuracy of the judgments that can 
be made. Much has been written concerning the monetary cost of 
collective dose and as well as problems that are raised of a logistic 
and technical nature; furthermore, there are moral objections to put-
ting a price on human life. However, in the range of practice from 
which experience has been drawn, it is found that detrimental costs 
of an intangible nature - that is those other than truly physical health 
effects - weigh heavily on the assessment of total detriment so that 
the accuracy of estimates of collective dose commitment and the vali-
dity of monetary values to collective dose commitment are not as cru-
cial as might have been thought. Indeed since value-judgments of vari-
ous kinds are virtually the sole basis for making decisions which appear 
in differential cost-benefit analysis as intangible detriment, it might be 
concluded that the current approach has not been substantially changed 
by the introduction of these numerical techniques. That would, however, 



284 MITCHELL 

do less than justice to such techniques for at the very least they provide 
a baseline on which to judge the minimum level at which controls could 
be reasonably set. As experience in their application grows it is to 
be expected that their usefulness too will increase,though it does not 
appear that the need for value-judgments will be eliminated. 
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DISCUSSION 

H.P. JAMMET: I believe that effective allowance must be made for social 
detriment in the process of optimization. On the other hand, it is important 
not to confuse optimization and acceptability. The methods used for optimization 
are rational and lead to reliable results. However, the decision-making authorities 
may or may not decide to accept these conclusions. The criteria for acceptability 
are political in nature and vary f rom one country to another. Let me give two 
examples. Radiological examinations of the lung may be subjected to protect ion 
optimization, but a lower and less costly degree of protection may be accepted 
in a country where tuberculosis is a problem and the GNP is small. Again, for 
protection in power reactors designed for desalination purposes, less costly 
options may be acceptable in low-GNP countries where there is chronic drought. 

N.T. MITCHELL: Whilst optimization and acceptability are separate issues, 
they are interrelated; one has a bearing on the other. Optimization in the practices 
that I have considered is a site-specific exercise and it follows that the conditions 
required to meet the objectives will vary f rom one country to another. 

B. LINDELL: I would like to say something about the integration period 
that should be used in the optimization of protect ion against radionuclides with 
very long half-lives (such as iodine-129). The method used for reducing the 
collective dose is to introduce retention systems. These will make it possible 
to retain some fraction of the total activity and to keep it away f rom the biosphere. 
This retention, however, is only effective over a limited period of time, which, 
even though it may be long, represents just a small fraction of the total life-time 
of the nuclide. After this retention period, the nuclide will again become free 
(through leakage) and will contribute to the radiation load on man. The tail of 
the exposure-versus-time curve will therefore not be influenced by the retention, 
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and the corresponding doses will not have been eliminated. The only relevant 
integration period for optimization purposes therefore is the time of retention. 

N.T. MITCHELL: This seems to me to be a wholly pragmatic approach in 
that it focuses at tention simply on what can be achieved in practice. 

J.J. COHEN: I would like to offer two observations for your comment. The 
first is on the subject of social detriment. Optimization or cost effectiveness 
analyses are of ten used to determine the expenditure on hazard control. Yet 
it is not unusual for sums well beyond those determined as cost-effective for 
health and safety to be spent on gaining public confidence. I submit that this 
excessive expenditure is not only of ten ineffective, but actually counter-productive. 
A technologically unsophisticated public may reason that knowledgeable officials 
would only spend such inordinately large amounts if the problems were 
correspondingly serious. This realization could serve to reinforce their initial fears. 

Secondly, the "special problem" posed by long-lived radionuclides could 
be viewed from a different perspective. One might conservatively assume that 
such radionuclides have an infinite half-life. They could then be treated in the 
same manner as the hazardous stable elements (Pb, Cd, Hg, etc.), with which 
we already have abundant experience. I would suggest that the toxicity, or 
radiotoxicity, should be the overriding consideration in hazard studies, rather 
than the half-life. 

N.T. MITCHELL: In connection with your first observation, I would point 
out that there is a significant difference between social detriment, which I regard 
as real harm, and the matter of gaining public confidence, which would be no 
great problem if expertly handled. Nevertheless, it is important to recognize 
that people are liable to take fundamentally different att i tudes to money which 
they do not recognize as their own and to money which they have to provide 
directly themselves. 

With regard to your second point, I believe that the approach you suggest 
would make a difficult problem even more complicated, and anyway it bears 
no relation to t rue optimization. 
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Abstract 

PRACTICAL DIFFICULTIES RELATED TO IMPLEMENTATION OF ICRP-RECOMMENDED 
DOSE LIMITATION IN URANIUM MINES. 

Implementation of dose limitation by the formula recommended by the ICRP 
(ICRP-26, para.l 10) for combination of external and internal exposures in the uranium 
mines would require significant changes of the ventilation design. The gamma exposure in 
the mine working environment cannot be practically affected by engineering methods, as it 
is dependent on the ore grade. Compliance with the formula would therefore rely on lowering 
222 Rn daughter exposure significantly below the present levels. The uncertainties in the 
epidemiological data and in establishing the relationship between exposure and lung dose 
have to be considered before a refinement of dose limitation resulting from utilization of the 
formula is implemented. The detriment from radiation exposure represents only one of many 
factors affecting the health and safety of the miners. The health and safety detriment from 
other factors exceeds that from the radiation by a factor of seven to eight. This report is an 
attempt to analyse the uncertainties of the exposure data used in the epidemiological studies 
which led to setting radon daughter exposure limits in some countries. A review of the 
available information on gamma exposure in uranium mines is also presented. Conclusions 
and recommendations are drawn from the results of the assessment to help focus attention 
on the need for reducing the total detriment from all factors effecting the health and safety 
of uranium miners and at the same time to achieve the optimization of radiation protection. 
No attempt is made to question the validity of the conclusion that radiation exposure does 
increase the risk of lung cancer incidence. 

1. INTRODUCTION 

The concept of dose limitation for combined external 
and internal exposure is expressed by the formula: 

1 
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288 DORY 

introduced by the ICRP (ICRP-26-1977, modified in 1978) . In 
the majority of uranium mines the two most important components 
of combined exposure are gamma and radon1 daughter exposure. 

In the case of underground mines, the nature of 
the work, even in the most mechanized mines, requires a close 
contact of the unshielded miner with the ore. It is practically 
impossible to shield the miner from gamma exposure without 
hampering his ability to work at all. 

Compliance with the above formula would therefore 
have to rely on lowering radon daughter exposures significantly 
below the present levels. The air volumes and velocities in 
uranium mines today might be creating an additional health 
and safety hazard by affecting the concentrations of respirable 
dust, unattached radon daughter fraction and other factors. 

The greater than linear increase of the cost of 
measures to achieve further lowering of radon daughter con-
centrations makes the assessment of the reliability of 
the empirical experience on which the present limits are 
based important. 

Radiation exposures in Canadian uranium mines are 
regulated by the Atomic Energy Control Regulations. In 
Schedule II of these Regulations an individual occupational 
dose limit of 5 rem/year (50 mSv/a ) to the whole body and an 
individual occupational limit for exposure to radon daughters 
of 4 WLM/ a are specified.2 In the case of a combined exposure 
to gamma radiation and radon daughters, the two limits apply 
separately. 

In practice, average exposures of uranium miners to 
radon daughters for individual Canadian uranium mines vary 
between 1.0 and 1.6 WLM/a! , but personal exposure records 
submitted by the mines in compliance with the Atomic Energy 
Control Regulations show that, 10 to 20% of the miners still 
receive exposures close to the annual limit. 

1 When a te rm " R a d o n daughter or daughters" is used, the reference is to 2 2 2 R n 
daughters. 

2 WLM = Working Level Months. 
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2. RADON DAUGHTER EXPOSURE 

When radon daughter exposure limits are being assessed, 
references are made generally to four major sets of data: 

2.1. Colorado Plateau Miners (U.S. Uranium Miners); 

2.2. Ontario uranium miners; 

2.3. Czechoslovakian uranium miners; and 

2.4. Newfoundland fluorspar miners. 

2.1. Colorado Plateau Miners (U.S. Uranium Miners) 

An excess of deaths due to malignant neoplasms of 
the respiratory system among white uranium miners has been 
observed, when compared to the number expected among the 
white male population of the area. The problem has been 
studied by the staffs of the United States Public Health 
Service (USPHS) and others. The studies were based on a 
group of miners, who agreed to submit to initial and later 
follow-up medical examinations and who volunteered personal 
and occupational information. 

2.1.1. Occupational Histories 

Occupational histories of the members of the study 
group were reconstructed entirely based on the information 
provided by the individual workers. Since this was done in 
retrospect, relying on memory, significant inaccuracies may 
have been introduced into the basic exposure data. 

The amount of time spent underground from the total 
employment time with the uranium mines was determined by very 
crude estimation. No effort was made to cross-check the data 
with the official records of the mining companies. 

2.1.2. Radon Daughter Exposures 

To calculate radon daughter exposures for the miners, 
the concentration measurements made by the USPHS, U.S. Bureau 
of Mines and several state agencies were used. The number of 
measurements was very limited in the 1950's and early 1960's. 
In many cases there was only one measurement or less per mine 
per year. For some mines, the concentrations had to be best 
guesses since no measurements were ever taken. 
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The mining companies have been gradually increasing 
the frequency of sampling. Until i960 they were submitting 
the results of their sampling to the state authorities and, 
therefore, these results might have been used in the study 
group radon daughter exposure calculations. After i960, 
company results were excluded from any radon daughter exposure 
estimation for the purposes of the epidemiological study by 
the USPHS. Archer et a l t U made the following assumptions 
for the purpose of the study: 

a) "Radon daughter samples from the above named 
sources3•(footnote by this author) for the 1951-
1960 period are considered to be representative 
of the areas within the mines in which miners 
were exposed, as sampling was undertaken in 
work areas primarily for information rather 
than control purposes." 

b) "Most radon daughter measurements available 
from Colorado, Utah and Wyoming after i960 were 
made by mine inspectors who measured air samples 
primarily for control purposes. These inspectors 
tended to sample most frequently in those mines 
and sections of mines thought to have the high-
est levels." 

c) "In contrast, measurements available from mining 
companies after 1960 might have yielded low 
radon daughter values as reports of elevated 
values may have been minimized to avoid official 
regulatory action. To assure a consistent 
direction of bias, i.e. overestimation of radon 
daughter levels, efforts were made to exclude 
company measurement data after 1960 from use 
in the epidemiological study of uranium miners." 

d) "From the entire 1951-1968 period nearly 43 000 
measurements of radon daughter concentrations 
were available to characterize the approximately 
2 500 uranium mines from which ore was shipped." 

e) "In many mines only one or two samples were ever 
taken. During the period when only natural 
ventilation was used the atmospheric concentra-
tions of radon daughters could fluctuate sharply 
with changes in ambient air temperature or 
barometric pressure. Mechanical ventilation 

3 As indicated in the first paragraph of section 2.1.2. 
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was used in a few mines in 1951 and its use 
gradually increased throughout the years, thus 
reducing or eliminating the influence of changes 
in ambient air conditions." 

Unfortunately, some of these basic assumptions made with respect 
to occupancy time and radon daughter concentration levels were 
incorrect. These become obvious to any professional with 
knowledge of the behaviour of radon daughters in the mine 
atmosphere. 

With regard to a) and b) above, there is ample 
evidence that a few samples per mine per year do not give a 
truly representative value which can be used to calculate a 
meaningful exposure. Holaday et al.[2] made several measure-
ments in the 1950's to assess the degree of ventilation needed 
to achieve desirable levels of radon daughter concentrations. 
It has to be kept in mind that, in the majority of mines, even 
with mechanical ventilation, an extensive system of auxiliary 
fans is necessary to assure the supply of fresh air to 
individual working places. If this system is not provided, 
despite the main ventilation system being mechanical, a large 
number of working places will have very little ventilation. 

The work of Holaday et al.[2] illustrated (see 
Table I) that proper distribution of air to the workplace 
resulted in the reduction of radon daughter concentrations by 
up to two to three orders of magnitude. These measurements 
also demonstrated the effect of the distance of the fresh air 
outlet from the work face. The reduction of this distance 
by a factor of two resulted in reduction of radon daughter 
concentration by a factor of five. 

In turn, if auxiliary or main fans are turned off 
(resulting in only natural ventilation of the workplace), the 
radon daughter concentration builds up very rapidly. This 
would contradict the assumption in item "e" above, that the 
use of mechanical ventilation resulted in reducing or 
eliminating the influence of changes in ambient air conditions 
on the radon daughters concentration. 

The author's own experience during a period of four 
years in the fluorspar mines in Newfoundland supports the data 
of Holaday et al.[2]. A development heading, which had con-
centrations of radon daughters around 0.15 to 0.30 WL when 
the auxiliary fans were operating reached concentrations of 
up to 173 WL within hours of the auxiliary fan being turned 
off. This happened despite the normal operation of the main 
fans. 

(text continued on p.299) 



TABLE I 

EFFECT OF VENTILATION ON RADON DAUGHTER CONCENTRATION (FROM HOLADAY,D.A . et al. SURVEYS [2]) 

Radon Time Ducting Radon Time Ducting 
Sample Daughter Ventilation in from Sample Daughter Ventila- in from 
Number Concentration (ft3/min) Hours Face in Number Concentra- tion Hours Face in 

WL Feet tion WL (ft3/min) Feet 

NH-1 161.5 Natural _ _ NH-109 0.71 500 2.5 
NH-2 13.9 500 2 — NH-111 0.6 500 5.5 — 

NH-3 6.0 500 3 2/3 — 

Sp-4 101.5 Natural — — 

NH-101 436 Natural - - — Sp-5 2.0 900 2 — 

NH-102 7 300 4 — Sp-6 0.65 1 200 1.2 — 

NH-103 431.5 Natural - - — 

NH-104 1.8 700 2.8 — Sp-7 78.5 Natural — — 

NH-107 1.1 700 5.8 — Sp-8 0.23 1 000 2 — 

Sp-9 0.12 1 000 3.5 — 

TN—1 19.5 Natural - - — 

TN—2 0.2 460 2.5 — LP—1 72.1- Natural — — 

LP-2 12 280 3 — 

LV-1 10.5 Natural - - — 

LV-2 0.01 450 2 — S-8 31.1 Natural — — 

S-9 1.2 150 5 — 

S-20 29.8 Natural - - — S-10 0.9 180 0.8 — 

S-22 1.1 660 1 — S-14 3.4 Natural — — 

S-15 2.7 125 3 — 

NH-112 365.4 Natural - - — S-16 0.7 360 1 — 

NH-113 0.5 600 2.3 — 

D-l 42.2 Natural — — 

NH-108 341.5 Natural - - — D-2 5.8 210 2.7 — 

D-3 2.7 410 2.0 — 

to чо to 
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TABLE I (cont.) 

Radon Time Ducting 
Sample Daughter Ventilation in from 
Number Concentration (ft3/min) Hours Face in 

WL Feet 

D-5 420 Natural 
D-6 47.1 360 1.5 — 

D-7 29.1 360 2.5 — 

LB-1 47.6 Natural — 

LB-2 7.9 400 1 — 

LB-3 2.7 400 2 — 

LB-4 2.6 400 3 — 

LB-5 1.9 400 4 - -

Sp-1 83.8 Natural — — 

Sp-2 5.3 1 000 1.8 — 

Sp-3 4.3 1 000 2.9 — 

S-11 25.7 Natural — — 

S-12 3.7 210 — 30 
S-13 0.9 210 — 15 

Radon Time Ducting 
Sample Daughter Ventila- in from 
Number Concentra- tion Hours Face in 

tion WL (ft3/miii) Feet 

S-17 27.9 Natural 
S-18 3.5 520 — 40 
S-19 1.0 520 — 20 

> 
HT-201 120 — — — £ 
HT-202 11.4 — — — и 
D-201 59.2 
V-201 10 
TN-201 252.3 
TN-202 22.2 
LP-201 16.9 
BC-201 5.6 
LP-6-201 73.8 
LP-6-202 14.7 
MJ-201 38 
MJ-202 20.4 

to vo U) 



TABLE II 
COMPARISON OF RADON DAUGHTER EXPOSURES IN WLM ASSIGNED BY USPHS TO INDIVIDUAL CASES IN 

DIFFERENT STUDIES AND REPORTS 

FRC Case Lowest Highest Ratio 
Number 1968 1967 1968 1973 Assigned Assigned Highest 

t b с d Exposure Exposure Difference Lowest 

1 . 49 121 — 47 47 121 74 2.57 
2 37 268 — 97 37 268 231 7.24 
3 38 262 — 423 38 423 385 11.13 
4 60 150 356 178 60 356 296 5.93 
5 138 137 — 174 137 174 37 1.27 
6 123 467 — 205 123 467 344 3.80 
7 203 229 — 396 203 396 193 1.95 
8 269 389 383 465 269 465 196 1.73 
9 283 705 954 379 283 954 671 3.37 

10 165 120 — 212 120 212 92 1. 77 
12 605 833 — 972 605 972 367 1.61 
13 699 887 — 618 618 887 269 1. 44 
14 494 392 — 1 072 392 1 072 680 2.73 
15 1 367 1 037 — 1 855 1 037 1 855 818 1.79 
16 593 824 — 1 716 593 1 716 1 123 2.89 
17 1 557 1 815 2 900 1 361 1 361 2 900 1 539 2.13 
18 1 791 2 026 . 1 871 3 747 1 791 3 747 1 956 2.09 
19 1 944 1 204 1 366 3 052 1 204 3 052 1 848 2.53 
20 940 1 420 — 1 588 940 1 588 648 1.69 
21 1 075 1 446 1 432 1 182 1 075 1 446 371 1.35 
22 886 873 — 635 635 886 251 1.40 
23 886 335 — 496 335 886 531 2.59 
24 1 082 1 155 2 129 1 082 2 129 1 047 1.98 
25 1 017 1 395 — 1 133 1 017 1 395 378 1.37 

to 

О О » 



TABLE II (cont . ) 

FRC Case Lowest 
Number 1968 1967 1968 1973 Assigned 

t a* b с d Exposure 

26 1 904 2 506 — 2 230 1 904 
27 1 174 1 194 - - 1 337 1 174 
28 4 175 3 555 — 4 104 3 555 
29 1 995 3 761 4 118 2 105 1 995 
30 2 369 2 372 — 2 733 2 369 
31 2 492 2 506 — 4 105 2 492 
32 2 124 2 124 — 2 097 2 097 
33 2 055 2 076 — 2 487 2 055 
34 2 864 2 868 3 170 2 864 
35 2 919 1 721 2 744 2 677 1 721 
36 2 914 2 825 2 864 3 317 2 875 
37 2 406 3 621 3 648 2 809 2 406 
38 5 640 5 688 — 4 855 4 855 
39 3 672 3 691 — 2 735 2 735 
41 . 4 363 4 355 4 000 4 181 4 000 
42 5 187 5 517 3 568 3 333 3 333 
43 4 237 4 253 — 3 647 3 647 
44 3 390 3 313 — 2 941 2 941 
45 4 984 5 339 5 135 5 178 4 984 
46 5 845 6 400 — 5 769 5 769 
47 6 875 6 617 — 8 435 6 617 
48 4 235 4 577 — 4 124 4 124 
49 6 935 11 406 — 6 863 6 863 
50 65 — — 229 65 
51 36 — — 670 36 
52 5 — — 121 5 
53 116 — — 239 116 
54 85 — — 270 85 

Highest Ratio 
Assigned Highest 
Exposure Difference Lowest 

2 506 602 1.32 
1 337 163 1.14 
4 175 620 1.17 
4 118 2 123 2.06 
2 733 364 1.15 
4 105 1 613 1.65 
2 124 27 1.01 
2 487 432 1.21 
3 170 306 1.11 
2 919 1 198 1. 70 
3 317 492 1.17 
3 648 1 242 1.52 
5 688 833 1.17 
3 691 956 1.40 
4 363 363 1.09 
5 517 2 184 1.66 
4 253 606 1.17 
3 390 449 1.15 
5 339 355 1.07 
6 400 631 1.11 
8 435 1 818 1.27 
4 577 453 1.11 

11 406 4 543 1.66 
229 164 3.54 
670 634 18.61 
121 116 24.20 
239 123 2.06 
270 185 3.18 



ю ю о 
TABLE II (cont.) 

FRC Case 
Number 

t 
1968 

* a 
1967 

b 
1968 

с 
. 1973 

d 

Lowest 
Assigned 
Exposure 

Highest 
Assigned 
Exposure Difference 

Ratio 
Highest 
Lowest 

55 287 _ _ 290 287 290 3 1.01 
56 260 — — 353 260 353 93 • 1.36 
57 241 — — 237 237 241 4 1.02 
58 165 — — 488 165 488 323 2.97 
59 192 — — 317 192 317 125 1.65 
60 564 — 733 839 564 839 2 75 1.49 
61 831 — — 438 438 831 393 1.90 
62 429 — — 577 429 577 148 1. 34 
63 511 — — 604 511 604 93 1.18 
64 589 — — 479 479 589 110 1.23 
65 1 170 — — 1 644 1 170 1 644 474 1.41 
66 924 — 1 449 889 889 1 449 560 1.63 
67 1 574 — — 1 672 1 574 1 672 98 1.06 
68 1 032 — — 1 138 1 032 1 138 106 1.10 
69 1 239 — — 1 860 1 239 1 860 621 1.50 
70 2 900 — — 3 502 2 900 3 502 602 1.21 
71 2 180 — — 2 573 2 180 2 573 393 1.18 
72 2 933 — — 3 802 2 933 3 802 869 1.30 
73 2 363 — — 3 506 2 363 3 506 1 143 1.48 
74 2 662 — — 1 277 1 277 2 662 1 385 2.08 
75 3 560 — — 2 040 2 040 3 560 1 520 1.75 

Cases 81 to 161 are included in 1 d" only, so they are omitted here. 



NOTES TO TABLE II 

"Radiation Exposure of Uranium Miners" A report of an Advisory Committee from 
the Division of Medical Sciences: National Academy of Sciences - National Research 
Council - National Academy of Engineering, Washington, D.C. (August, 1968). 
* Does not include exposures from previous hardrock mining. 

"Report on a Review and Evaluation of the PHS Epidemiological Study" Hearings 
before Subcommittee on Research, Development and Radiation of the Joint Committee 
on Atomic Energy, Congress of the United States (August, 1967). 

BLACK,S.C., ARCHER,V.E., DIXON,W.C. and SACCOMANNO,G., "Correlation of Radiation 
Exposure and Lead-210 in Uranium Miners", Health Physics, Vol. 4, (1968). 

ARCHER,V.E., WAGONER,J.K. and LUNDIN,F.E., "Lung Cancer Among Uranium Miners 
in the United States", Health Physics, Vol. 25 (1973). 

FRC = Federal Radiation Council. 
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COMPARISON OF 
TABLE III 

"B" COMPANY RADON DAUGHTER CONCENTRATION MEASUREMENTS WITH THE RESULTS OF MSHA MEASUREMENTS . 

MSHA COMPANY MSHA COMPANY MSHA COMPANY 

.09 .05 .60 .55 .09 .15 

.02 .15 .56 .48 .10 .22 

.33 .44 .13 .10 .20 .12 

.60 .58 .16 .28 .34 .32 

.23 .32 .08 .14 .54 .45 

.11 .12 .16 .12 .49 . 50 

.18 .15 .14 .19 .57 .46 
2.43 2.64 .08 .06 .32 .26 
1.58 1.80 .23 .42 . 39 
.01 .04 .03 .01 .23 .16 
.04 . 01 .04 .07 .34 .41 
.02 .01 .04 .05 .34 .53 
.01 .01 .10 .10 .27 .15 
.04 .02 .49 .37 .24 .46 

1.05 1. 00 .35 .27 .19 .28 
.16 .20 .46 .42 .04 .15 
.20 .14 .21 .29 .25 .24 
.27 .12 .14 .00 .26 .17 
.05 .12 .19 .20 .10 .40 
.06 .06 .03 .15 .30 .45 
.09 .06 .15 . 33 .32 .39 
.03 .02 • .01 . 05 .04 .40 
.03 .00 .04 .40 
.08 .07 .06 .12 

К) 
ЧО 
00 

в О » 
HÍ 

MSHA = Mining Safety and Health Administration. 
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The importance of these factors becomes evident in 
the light of the known fact that, in the earlier years, miners 
purposely turned fans off because of the noise or the cold 
air[3], For a mine inspector visiting a mine one to four 
times a year, it would be an impossible task to know which 
area of the mine would have a high concentration of radon 
daughters. It is very often difficult even for the ventilation 
engineer of the mine to know this. 

Studies conducted in a Canadian uranium mine by 
Makepeace and Stocker of the Atomic Energy Control Board [4] 
and by some of the mining companies in Canada indicate that, 
to achieve the ±50% accuracy at 95% confidence level of 
calculated individual exposures required [5] radon daughter 
concentrations in each working place have to be measured 
ten to thirty times in a year. Personal radon daughter 
exposures estimated from a mine average obtained from this 
large number of measurements would still lack any acceptable 
degree of accuracy. 

Therefore, to estimate exposures based on a very 
few or indeed no measurements per mine in a year and to assume 
that this method implies any meaningful degree of accuracy is 
invalid. This, coupled with the uncertainties in work histories, 
results in a very dubious data base from which to draw quanti-
tative conclusions. To illustrate the point, the author has 
assembled data on cumulative exposures for the miners with 
diagnosed respiratory cancer in a table form (see Table II). 
The exposures were calculated by the USPHS staff from the same 
concentration measurement data (federal and state agencies). 
The large variations illustrate the uncertainty of the input 
data. 

The suspicion that the mining companies would record 
rather low concentrations due to a fear of regulatory action 
(item c, above) cannot be substantiated. The author had an 
opportunity to assess results of company and MSHA (Mine.Safety 
and Health Administration - U.S. Dept. of Labour) measurement [3] 
and they were in very good agreement (Table III). The 
compatibility of state and federal sampling program results 
with those of the mining companies has also been confirmed 
by N.R. Blake of the Colorado state government and by R.L. Rock 
of MESA [6]. 

In the time period 1956-1968 one major company alone 
had made 46 424 measurements ranging from 1.7 (1958) to 212.5 
(1968) measurements per mine in a year (see Table IV) [3] . The 
decision not to use this wealth of data for estimating 
exposures due to unfounded suspicion has been most unfortunate. 



TABLE IV 
ANNUAL SUMMARY OF ALL RADON DAUGHTER SAMPLES TAKEN IN URANIUM MINES, COMPANY "A". 

YEAR NO. OF SAMPLES NO. OF MINES SAMPLED AVERAGE NO. OF SAMPLES PER MINE 

1956 32 12 2.7 
1957 43 17 2.5 
1958 7 4 1.7 
1959 225 47 4.8 
1960 174 40 4.4 
1961 2 806 115 24.4 
1962 1 966 89 22.1 
1963 1 054 61 17.3 
1964 767 22 34.9 
1965 1 722 50 34.4 
1966 2 195 80 27.4 
1967 13 971 88 158.8 
1968 21 462 101 212.5 
1969 17 287 79 218.8 
1970 17 366 81 214.4 
1971 14 808 58 255.3 
1972 5 335 33 161. 7 
1973 1 480 35 42.3 
1974 6 924 42 164. 9 
1975 7 665 42 182.5 
19 76 9 916 44 225.4 
1977 12 921 39 331.3 
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The author had an opportunity to examine written 
documentation on two cases regarding compensation[7]. To 
preserve confidentiality, they will be quoted as case A and B. 

Case A USPHS calculated 265 WLM total accumulated exposure. 
The mining company calculated total exposure of 
1 784 WLM. 

Case В USPHS calculated 622 WLM total accumulated exposure'. 
The mining company's calculations indicate total 
exposure in excess of 2 000 WLM (over 1 000 WLM in 
the first year). 

During the Colorado Plateau study, an attempt was 
made to examine a cause-specific mortality experience among 
a cohort of men employed in the four-state area by the potash 
industry (potash mines have practically no radon dauqhter 
contamination in the atmosphere - less than 0.02 WL[1]. In 
the cohort, 21 respiratory cancer deaths were observed versus 
10.14 expected. The significance of the deviation of observed 
from expected respiratory cancer deaths was determined by a 
one-degree of freedom chi-square test (Mantel, 1959). The 
difference was highly significant (P<0.0001) [1], yet the same 
authors state elsewhere [8]: "No excess respiratory cancer was 
found among either surface or underground potash workers". 
This is a clear contradiction of the earlier statement,without 
satisfactory explanation. 

Wagoner et al.[9] studied a cohort of underground 
metal miners in the United States for the period 1937-1948. 
In this group (between January 1, 1937 and December 31, 1959) 
47 deaths due to malignant neoplasms of the respiratory system 
(all but two had cancer of the lung or bronchus) were observed 
versus 16.1 expected. The standardized mortality ratio was 
292, significant at the 1% level. The results of this study 
are very intriguing mainly because many uranium miners in the 
United States have had previous hard rock (metal) mining 
experience. 

In defence of the accuracy of the Colorado Plateau 
study radon daughter exposure data, Archer et al.[8] state 
that: "In one of these evaluations, a comparison was made of 
the WLM derived from the analysis of 210pb 

in bone at death. 
Lead-210 is a long half-life daughter of radon which is 
deposited in bone, and has been shown to be quantitatively 
related to radon daughter exposure in mines. When the two 
values for each miner were compared, it was found that in 65% 
of the 80 cases, the two WLM values were within +34% of the 
average of the two." Black et al.[10] háve indicated that 
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L E A S T S Q U A f t E S LINE 

2 1 0 P b IN BONE, A D J U S T E D FOR E X C R E T I O N {pCi per gram) 

FIG.l. Relationship between cumulative exposure to radon decay products and 2l0Pb in 
bone after adjustment for excretion [10\ 

although there is some relationship between WLM and pCi.g 1 
(210 P b 

per gram) of bone, there is a wide scatter of points. 
This scatter is probably due to the influence of factors such 
as variation of excretion time between individuals, biological 
variation, errors in WLM calculations, bone sampling errors, 
analytical errors and mine differences (particle size dis-
tribution, equilibrium ratios, diesel fumes, etc.). Even 
after adjustment for excretion, the scatter covers almost an 
order of magnitude (see Fig. 1). Lundin, Wagoner and Archer 
state[11- "Interpretations from the comparison of WLM from 
210Pb 

with WLM categorization among Study Group members may 
be made only with reservation because we may be dealing with 
a biased sample of the Study Group". They also state: "The 
over-all agreement between the two methods for determining 
WLM lend support to the general validity of both, but the 
disagreement for individuals emphasizes that neither method 
is very precise". 2.2. Ontario Uranium Miners 

Development of uranium mines in Ontario began in the 
early 1950's. This development was speedy in order to meet 
stringent delivery dates and, therefore, the capacities of 
the ventilation systems were not always in step with the mine 
development and production. Although all Ontario uranium mines 
had mechanical ventilation from the beginning, the necessary 
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auxiliary ventilation system was not developed always to the 
degree required to assure the desirable distribution of the 
fresh air to the working places. 

2.2.1. Occupational Histories 

Reasonably accurate occupational histories of 
employees were kept by the mining companies, which have been 
used in calculating exposures. Difficulties exist when the 
pre-uranium mining' work histories are pieced together. The 
Ontario uranium miner population in the earlier years, had 
a significant migratory segment. A large number came to 
Ontario uranium mines from Europe with hardrock, radium and 
coal mining background and the Eldorado radium and uranium 
mine in the Northwest Territories of Canada. 

2.2.2. Radon Daughter Exposures 

Although more radon daughter concentration measure-
ments exist in Ontario uranium mines than in the United 
States (per mine per year) it is again unfortunate that, 
for the period up to 1968, for the purpose of personal 
exposure records, mine average concentrations were_used. As 
indicated in section 2.1.2 above, Holaday et al. [2]observed 
changes of concentrations by three orders of magnitude, 
depending on the auxiliary ventilation in the actual working 
place. 

The Ontario Royal Commission Study[ll]has indicated 
an excess of deaths due to lung cancer among the Ontario 
uranium miners: 81 observed as opposed to 45 expected. In 
the study, Hewitt states: "This analysis is most emphatically 
not (underlined by this author) offered as the basis for any 
estimate of risk per unit dose" and "The principal shortcoming 
of the Ontario study material on lung cancer in uranium miners 
is that at present it contains no data on individual smoking 
habits that can be linked to the radiation exposure histories. 
This is unfortunate because cigarette smoking is quite possibly 
a more important determinant of lung cancer, even in this ir-
radiated population, than the radiation itself". 

It is unfortunate that in this study, as in the studies 
in the USA, mine average concentrations were used up to 1968 
to calculate exposures for the study group members. 
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2.3. Czechoslovakian Uranium Miners 

Results of a study on the lung cancer incidence 
among miners in uranium mines in Czechoslovakia have been 
reported by Sevc et al. [12]. Based on the number of measure-
ments indicated, the degree of accuracy and confidence level 
indicated in the report seem to be unsubstantiated. 

My limited experience in the uranium mines in 
Czechoslovakia in 1958-1959 indicates that there was mechanical 
ventilation, but auxiliary ventilation was not always fully 
within the working face. 

Insufficient information exists to attempt a more 
detailed technical analysis of the data used in the study. 
The information on occupational histories is also not known 
in sufficient detail to assess the reliability of the radon 
daughter exposure calculations. 

2.4. Newfoundland Fluorspar Miners 

Development of fluorspar mines on the southern tip 
of the Burin Peninsula in and around the community of St. 
Lawrence began in 1932-1933. The community was a typical 
Newfoundland fishing community. After the great tidal wave 
in 1929, the fishing industry was weak and the economic 
conditions were very strained. Malnutrition and tuberculosis 
were very common. 

The mines were operated with practically no 
financial resources. Ventilation was practically non-
existent. Miners when drilling (dry drilling with no dust 
suppression), could not see more than 30 to 40 cm. The 
air was so bad and oxygen deficient that cases of loss of 
consciousness were a common occurrence. This situation per-
sisted into the 1940's. A second mining company developed 
some new mines and ventilation was gradually improved. In 
the late i960's and early 1970's the mines had highly efficient 
high-volume ventilation. 

Windish[13] documented in i960 that the significant 
increase of lung cancer death among the miners may be attri-
butable to the radon daughters in the mine atmosphere. Even 
though uranium was not detectable in the ore, the radon was 
in fact transported into the mines in the mine water. 
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2.4.1. Occupational Histories 

Reasonable records exist on occupational histories 
prior to 1968. In 1968 a computer program was established for 
generating and recording individual radon daughter exposures, 
with very reliable information on occupancy time by working 
place. 

2.4.2. Radon Daughter Exposures 

The first radon daughter concentration measurements 
were made by Windish in 1959 and 1960. A few measurements in 
the old abandoned mines were made. However, exposures prior to 
1960 are based on crude estimates. Exposure records after 1960, 
especially after 1968, are probably the most reliable radon 
daughter exposure records in existence. Since 1968 every 
working place has been sampled at least once a week and 
places with higher concentrations (>0.5 WL) as often as 
three times a week. 

The study by deVilliers and Windish [14] in 1964 
demonstrated an increase in the incidence of lung cancer 
among St. Lawrence miners. 

A Royal Commission [15] investigated the relation-
ship between radon daughter exposures and excess mortality 
due to lung cancer among the fluorspar miners in 1969. 

3. EXTERNAL GAMMA EXPOSURE 

3.1. United States Uranium Mines 

Unfortunately very little information exists on the 
external gamma dose rate in the uranium mines in the United 
States. 

At the time of exposures in the Colorado Plateau mines, 
on which the epidemiological studies were based, some gamma 
exposures in addition to radon daughter exposures had to be 
present. Even though very little data exists indicating the 
actual gamma doses present in the Colorado Plateau mines, it 
can be concluded that gamma fields were similar to those 
encountered in the mines today, with the actual values of 
gamma dose rate depending on the grade of ore. 

It is estimated [3] that the average annual gamma 
dose was in the range of 20 to 80 mSv/year. Systematic 
monitoring by personal dosimeters was conducted in the last 
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FIG.2. Scatter diagram of mean exposure rate versus mean ore grade at an Elliot Lake 
mine [i 7]. 

year or two, which tends to support the above estimate. Since 
changes of the ventilation system have practically no effect 
on external gamma dose, a comparatively reliable estimate can 
be made even in retrospect. Therefore it is likely that 
external gamma doses of U.S. uranium miners estimated above 
are realistic. 

Generally, the U.S. experience would indicate that 
a dose rate of 0.01 mSv.h "•'•.kg--1- of U in the ore is probably 
a reasonable estimate. 

3.2. Canadian Uranium Mines 

Sporadic experimental surveys have been executed at 
some of the Canadian uranium mines. These consisted of a 
selected number of employees being equipped with personal 
dosimeters (film badges, or TLD dosimeters) for a limited 
period of time. 

The results of these and of instantaneous dose 
rate measurements [16] generally support the estimate of 0.01 
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mSv.h "l.kg--'- of U. The only exceptional results are from 
Eldorado Nuclear Limited where very low dose rates have been 
indicated by the dosimeters. No satisfactory explanation has 
been found so far, since instantaneous dose rate measurements 
are in good agreement with the above estimate. 

To obtain better scientific data on the extent of 
external gamma exposures in uranium mines, the Atomic Energy 
Control Board initiated a study of gamma dose rate in the 
uranium mines in Elliot Lake and nearby Agnew Lake. This 
study by Utting[17]has provided a significant data base and 
made it possible to estimate the level of gamma dose rate in 
the studied uranium mines with a better accuracy. This 
dose rate for Elliot Lake mines has been assessed as D = 
(13±3). 10~3 mSv.h -1.kg_1 of U in the ore and D= 20.10-3 
mSv.h ""l.kg--'- of'U in. the ore for the Agnew Lake mine. The 
reason for the difference in the two dose rates is due to the 
difference in the amount of thorium in the two areas. There 
is approximately 0.3 kg of thorium for each kg of uranium in 
the Elliot Lake ore and 3.4 kg of thorium for each kg of 
uranium in Agnew Lake ore. 

From the results of this study it.is concluded that 
no statistically sound dose rate - ore grade relationship can 
be established at this time (see Fig. 2) and more investigation 
is necessary to see if it is ever going to be possible. 

4. THORON DAUGHTERS4 AND ORE DUST 

Some limited thoron daughter measurements have been 
made in the Elliot Lake and Agnew Lake mines. The thoron 
daughter concentrations were generally one half of the radon 
daughter concentrations in Elliot Lake mines and equal to 
radon daughter concentrations in Agnew Lake mine (in WL) . It 
is recognized that more investigation is necessary, mainly in 
mines with a high proportion of thorium in the ore. 

The residency time of the air in the uranium mines 
today is in the range of 0.25 to 2 hours and therefore thoron 
daughters should not pose a significant hazard, if the equil-
ibrium ratio and effective dose from thoron daughters is taken 
into account. 

The effect of inhalation of ore dust or concentrate 
on the total dose is an area not receiving sufficient attention. 

4 When a term "Thoron daughter or daughters" is used, the reference is to 220Rn 
daughters. 



TABULE V 
VARIATIONS IN RADON DAUGHTER CONCENTRATION (IN WL) IN VARIOUS LOCATIONS WITHIN THE SAME MINE [14] 

LOCATION DATE CONCENTRATION LOCATION DATE CONCENTRATION 
> 1.0 > 1.0 

550 ft Level 5 Nov. 76.0 150 5 Nov 4.0 
" 

II 87.0 Loading Pocket 25 Nov 4.5 
II II 14.0 400 ft Level Lunchroom " 5.0 
" " 56.0 U.G. Platform 6.0 
II II 2.8 U.G. Conveyor " 6.0 

250 ft Level II 1.1 400 ft Level 4.7 
11 II 13.0 400 ft Level 1.1 

150 North 6 Nov. 5.1 550 ft Level 145.0 
II it 7.7 Pass Dam " 94.0 
II и 4.0 203-205 By-Pass 1.0 

306 Stope и 9.0 250 ft Level 5.7 
250 и 2.4 215 Dam 11.0 

и и 1.0 " (on bench) " 6.2 
302 Stope 9 Nov. 2.5 550 ft Level 4.7 
301 Stope Track II 2.1 Il II 4.7 
Crusher Station II 7.25 400 ft Level 4.5 
U.G. Conveyor II 6.5 " 3.6 

M II 5.0 U.G. Crusher 4.4 
400 ft Level Station II 8.0 250 Manway " 2.1 

" Lunchroom II 3.0 " Station 1.0 
250 S. II 1.5 " Manway " 2.0 II II 10.0 150 Station 3.1 
150 ft Level L. at Station " 1.6 550 ft Level 2 7 Nov 8. 3 

II II 1.25 •i к 113.0 
250 ft Level II 1. 35 Winze " 6.0 

" 
II 1.70 150 N. Drift 3.1 

u> о 00 

О О 
TS 
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5. SOME RELEVANT RESEARCH WORK IN PROGRESS 

5.1. Uranium miners in New Mexico and Ontario (Canada) 
are now subject to a detailed ongoing study (by the University 
of New Mexico and Ontario Ministry of Labour, respectively). 
Mainly those who entered employment in and after i960 should 
provide a basis for much more accurate epidemiological studies. 

5.2. A detailed study of the Newfoundland fluorspar miners, 
including smoking histories of the whole mining population, is 
currently underway by the Atomic Energy Control Board and the 
Department of Health and Welfare Canada. The results of this 
study should be available within 18 to 24 months. 

5.3. High priority and effort is currently given to the 
task of developing a simple, low-cost dependable dosimeter 
for measuring integrated personal radon daughter exposures 
(in Canada, United States and France). 

6. CONCLUSIONS 

6.1. It is reasonable to assume that, workers who have 
developed radiation-induced lung cancer were exposed to the 
highest concentrations of radon daughters(direct dose-response 
relationship). By calculating radon daughter exposure of 
individuals who have developed malignant neoplasms using mine 
average concentrations, a systematic error was introduced, 
resulting in underestimated radon daughter exposures. 

Experience and studies have proved that radon 
daughter concentrations vary with time and location within 
the same mine by as much as three orders of magnitude, (see 
Table V) which would indicate that the dimension of this 
systematic error is probably of great significance. 

6.2. The reliability of the exposure data would allow 
only a qualitative assessment of the relationship between 
radon daughter exposure and the incidence of malignant neo-
plasms of the respiratory tract. The use of mine average 
concentration to calculate exposures might be more realistic 
when a whole mining population average exposure is being 
investigated. 

6.3. It has to be recognized that situations did and to 
a lesser degree still exist where temporary conditions created 
concentrations of such magnitude that workers could accumulate 
exposures at a rate of 5 to 8 WLM/hour (concentrations over 
1 000 WL have been measured[6]). Many of these situations 
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most likely went unnoticed. A greater awareness of the 
importance of properly functioning ventilation exists today 
among miners and management, and there is less likelihood 
of these situations occurring. However, the possibility 
cannot be discounted completely, even today. 

6.4. Many attempts have been made to refine the mathe-
matics and statistical methods used in many of the studies. 
These efforts are of limited value because very little if 
anything could be done to improve the accuracy of the raw 
data on which all the studies have been based. 

6.5. No excess of lung cancer incidence has been reported 
among uranium miners in the United States and fluorspar miners 
in Newfoundland[18] who entered the mines after 1960. It is 
possible that the mean latency period for the appearance of 
lung cancer might be longer at the lower exposures; never-
theless, if any lung cancer cases have been initiated since 
1960, sufficient time has elapsed for some of them to appear 
by now. 

6.6. Mining is an occupation where the degree of risk is 
much higher than in other industries. In the majority of 
industries, the degree of risk can be directly affected by the 
design and by the amount of financial resources that society 
is willing to spend for a certain degree of protection. The 
possibility of this freedom of choice is much more limited in 
mines. The degree of risk is dependent to a great extent 
on the whims of Nature. 

6.7. Uncertainty exists in establishing the relationship 
between exposure and lung dose, and with respect to the gamma 
exposure component. Bush [19]states: "It is implicit in the 
4 WLM annual limit that some exposure to gamma radiation and ore 
dust can be permitted in addition to the 4 WLM, because the 
miners on whose exposure experience the 4 WLM limit has been 
derived were exposed to gamma radiation and ore dust in addition 
to radon daughters. Although the limit was expressed only in 
terms of radon daughters, which were the predominant hazard, 
the other radiological hazards are implicitly included in the 
limit." 

6.8. Significant uncertainty exists in calculating the 
dose to the critical lung tissue (basal cells in the bronchial 
region) from radon daughter exposure. Jacobi[20] estimates the 
dose to be 40-200 mSv/WLM (4 WLM = 160-800 mSv/a). In view 
of this uncertainty, an addition of a dose of 50 mSv/a to the 
lung from external gamma exposure would seem insignificant. 
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7. RECOMMENDATIONS 

7.1. In the absence of better exposure data, the existing 
information should only be used with full realization of the 
uncertainties built into these exposure records. 

7.2. Any refinement of recommended exposure limits should 
be deferred until more reliable epidemiological data become 
available. 

7.3. The limits for external gamma and internal radon 
daughter exposure should be applied separately, rather than 
combined by the formula suggested by the ICRP. The uncertain-
ties regarding the effects of radon daughter exposures are of 
such a magnitude that the degree of increased protection by 
using the formula is not warranted at this time. The situation 
should be periodically reviewed as more reliable epidemiological 
information becomes available. 

7.4. Immediate steps should be taken to monitor and 
record personal external gamma exposures in uranium mines. 
The Atomic Energy Control Board is initiating steps presently 
to implement this recommendation in the Canadian uranium mines. 

7.5. When acceptable risk for uranium mines is being 
assessed, consideration should be given to the inherent higher 
risks of mining in general, and therefore a comparison with the 
risk of other industries with the highest standard of safety 
might not be justified. 

7.6. As many studies have shown, the incidence of deaths 
owing to industrial accidents in uranium mines is far more 
serious a problem than the excess death rate due to radiation [Uj-
it is, therefore, important to realize that radiation is only 
one of many environmental and other factors affecting the 
health and safety of the miners. The detriment resulting 
from radiation exposure must be viewed in the light of detriment 
from these other factors, to keep the problems and the optimiza-
tion of radiation protection in perspective. Whenever possible, 
available resources should be used to reduce detriment from all 
risks in the most cost-effective manner. 
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DISCUSSION 

H.P. JAMMET: You have drawn attention to two important points. Present 
epidemiological studies are of no practical use because the dosimetric measurements 
that have been made in the past are too uncertain and the other causes of lung-
cancer induction are ignored. Uranium miners constitute a special group of 
highly-exposed individuals, like miners in general, aircrew and so on. 

A.B. DORY: I might just reply that some studies based on more accurate 
dosimetry are now being made. 

J.M. PRÁDEL: I am very much in agreement with what you said in your 
paper. I think that it is impossible, in any really serious way, to evaluate the 
exposure of miners when so many radon and radon-daughter measurements 
are still lacking. The concentration at any one point can in fact vary over 
several orders of magnitude, depending on the ventilation conditions. Some miners 
included in the epidemiological surveys could have been exposed at considerable 
levels without this being now detectable. Over the last 20 years, we have made 
about 600 000 measurements in our mines and we have still not achieved great 
precision in the evaluation of the inhaled quantities for each miner. That is why 
we are now using personal detectors. It is not really possible to feel any confidence 
in evaluations made on the basis of a few measurements; they can only lead to 
underestimates of the exposure. 

As far as external irradiation is concerned, the received doses can easily 
be evaluated by the use of personal film badges. For example, in a mine with 
an ore content of 3%o (which I believe is the case for Colorado), the average 
exposure can be estimated as a little less than 1 rem per year, with possible 
maximum values of the order of 5 rem. 

G. COWPER: Mr. Dory, you recommended that personal gamma-radiation 
dose measurements should be made on uranium miners. Would you not agree 
that estimates of personal radon and radon-daughter intakes are of greater 
importance and that adequate estimates of gamma exposure could be obtained 
by area monitoring? 

A.B. DORY: As indicated in the paper, it is recommended that regular 
monitoring of external exposures by personal dosimetry be started. The Atomic 
Energy Control Board will take steps to introduce such a programme shortly. 

The development of a reliable personal dose meter to monitor radon-daughter 
exposures is also recommended. The Atomic Energy Control Board has sponsored 
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test studies of the French track etch dose meter and hopefully within two or 
three years a practical personal device will be available. 

J.A. BONNELL: I assume that proper account has been taken of the 
cigarette smoking habits of the miners who suffered from lung cancer. 

A.B. DORY: Unfortunately, the smoking histories of the miners are very 
uncertain. Additional difficulties arise from the lack of a precise definition of 
a non-smoker. If a person stops smoking at a certain point in time, does he 
revert to the non-smoking category in one year, or five, or perhaps ten? Again, 
is a man who smokes a pipe or cigars to be regarded as a proper smoker? All 
these questions will have to be answered. 

The new study on the Newfoundland fluorspar miners now being undertaken 
by the Atomic Energy Control Board will have available the smoking histories 
of 85-90% of the subjects. 

V.H. GRAY: I would like to congratulate you on your presentation of a 
practical paper to a largely theoretical gathering at which, unfortunately, the 
uranium mining industry (which forms a major proportion of the nuclear field) is 
poorly represented. 

Mining has very specialized requirements and we work in unusual circumstances, 
in solid rock thousands of feet underground, yet we have higher safety factors 
than other branches of engineering. We have to supervise thousands of people 
who literally work in the dark. In view of all the difficulties we face, I think 
that the Commission should take special note of our problems. 
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Abstract 

PROBLEMS OCCURRING WHILE CARRYING OUT COST-BENEFIT ANALYSIS FOR 
3H, I4C, 85Kr, IODINE AND AEROSOLS IN NUCLEAR FACILITIES. 

Up to now the retention of radioactive material for nuclear facilities has been based on the 
maximum individual dose. The maximum individual dose can locally be lowered considerably 
by higher dissolution. In general, the collective doses are not lowered by this. In order to set 
up regulations concerning collective doses, the new recommendations of the ICRP are very 
welcome. However, the costs of detriment and the period to be considered have not yet been 
defined. Therefore there are no fixed methods for carrying out a cost-benefit analysis. 
Furthermore, for nuclear technology the costs and the effectiveness of the retention of radio-
active material for non-realized facilities can only be quoted roughly, which makes a cost-benefit 
analysis more difficult. A cost-benefit analysis for the retention of radioactive material in 
nuclear power plants with LWRs and reprocessing plants of the PUREX process has been carried 
out with best estimate data. The results show that the development of further retention facilities 
for nuclear power plants is not justifiable except possibly for a 14C retention with a decontamina-
tion factor (DF) of 2 to 4. For reprocessing plants 3H should be retained with a DF of 6, 14C 
with a factor of about 20 , 1 2 9 I with a factor of about 200 and the aerosols with a factor of about 
109. Whether 8sKr should be retained after a cost-benefit analysis depends on the applied costs 
of detriment. For 200 US$/man rem 8sKr should be retained with a DF of 100. Nearly the 
same result occurs, if 2 X 107 Ci 8sKr per year get into the reprocessing plant instead of 
1.2 X 107 Ci85Kr per year as assumed here and costs of detriment of 100 $/man rem. The 
problems occurring while carrying out the cost-benefit analysis are discussed. 

1. INTRODUCTION 

Up to now the retention of radioactive material from nuclear facilities was 
conditional on the maximum individual dose, see for example Refs [ 1 ] and [2]. 
However, the individual dose can be reduced considerably by raising the stacks 
and by diluting the waste water. The collective dose, however, will not generally 
be reduced by this [3], being an immediate criterion for total detriment due to 
radioactive emissions, assuming a linear dose effect relationship. In order to limit 
the radioactive emissions and to achieve reasonable costs of retention, the ICRP 
has proposed a cost-benefit analysis [4, 5] for the retention of radioactive 
material in addition to the maximum individual dose. 

317 
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2. NECESSARY DATA FOR A COST-BENEFIT ANALYSIS 

According to the methods described in Refs [4, 5, 6] the net benefit В 
from running the nuclear facility, which is however accompanied by radiation 
exposure, should be maximum. В can be calculated as follows: 

B = V - [ P + X + Y] (1) 

where V = gross benefit 
P = basic production cost 
X = cost of achieving a selected level of protection 
Y = cost,of detriment from radiation exposure. 

V and P are constant, assuming only the change of В by retention facilities 
for nuclear material. The optimum net benefit В will be attained if the total 
of X and Y depending on the total collective effective dose equivalent commitment 
S j is minimum, or expressed mathematically 

= ( 2 ) 

9ST 9ST 

Assuming a linear dose effect relationship for detriment and costs of detriment of 

Y= crST 

depending on the total collective effective dose equivalent commitment, the net 
benefit will be optimum, if 

In order to carry out the cost-benefit analysis X and S have to be determined 
for various retention facilities and the differential quotient has to be compared 
with ex. 

Although the theoretical basis for the retention of radioactive material 
in nuclear facilities is straightforward, the practical application in actual 
facilities is extremely difficult. These difficulties are only partly caused by the 
fact that a cannot be determined only with a view to economics. The exact 
determination of X for non-realized facilities is very difficult, too. In order to 
show the problems for nuclear facilities, cost-benefit analysis is here presented 
using best estimated data. 
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TABLE I. PRODUCTION RATE OF MOST IMPORTANT RADIO-
NUCLIDES IN COOLANT AND AVERAGE ACTIVITY IN FUEL 
ELEMENTS OF LIGHT-WATER REACTORS, AS WELL AS 
ACTIVITY PER YEAR IN COOLANT OF NUCLEAR REACTORS 
AND IN SOLVENT OF REPROCESSING PLANT 

Production rate in coolant and aver- Activity per year 

age activity in fuel elements of nu- [Ci] 

clear reactors [3.5 GW(th)] 

Nuclide Coolant 

[Ci /a] 
Fuel 

Structural 

material 

Coolant of re-

actor 3.5GWN 

Solvent of 

reproc. plant 

BWR PWR [Ci] [Cil BWR PWR [I500t/a] 
H 3 200 1000 200 1000 7.E5 
С U 10 10 10 500 
N 16 1-Е 8 1.E 8 
Cr 51 IE7 200 
Mn56 2.5E7 500 
Fe 55 2.5E6 50 
Со 58 2E6 40 
Со 60 2.E6 40 
Кг 85 8.E5 300 1.2 E 7 
Кг 88 6.E8 1.E 5 
Sr 89 8.E7 50 1.1 E 8 
Sr90 5.E6 50 1.2 E 8 
Z r 9 5 U E 8 3-Е 6 130 3.E8 
Ru 103 1.E8 60 1.1 E8 
Ru 106 3.E7 50 
I 129 1.5 0.015 50 
1 131 a E 7 2.E4 
I 133 1.5 E8 1.E5 
Xe 133 1.5 E8 1.E5 
Cs 134 5.E6 50 2-Е 8 
Cs 137 5E6 50 1.5 E 8 
Ba140 1.5 E8 50 
Ce 146 I E 8 30 1.1 E 9 
Ta 182 4.E6 80 
Pu238 15E5 0.015 4.E6 
Pu239 2.E4 0.002 5.E5 
Pu241 8£6 0.5 1.5 E 8 
Am 241 3.E3 0.0004 3-Е 5 
Cm242 2.E6 0.03 1.E7 
Cm244 1.E5 Q01 4.E6 
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3. RADIONUCLIDES THAT HAVE TO BE RETAINED FROM NUCLEAR 
POWER PLANTS AND REPROCESSING PLANTS 

In nuclear power plants and reprocessing plants retention facilities have to 
be provided for radionuclides that are released from the cooling system and the 
process cycle respectively. 

In the cooling system of nuclear power plants radionuclides are produced 
directly by neutron reactions. In addition, radionuclides get into the coolant 
via diffusion from the fuel elements and via corrosion of the canning and the 
structure material. Table I shows, according to the data given in Refs [3, 7—11] 
the annual production of the most important radionuclides in the coolant and the 
activity of the canning and the structure material in equilibrium for LWRs (light-
water reactors) of 3500 MW(th). The calculation of the transport rate from the 
fuel into the coolant has been made using the diffusion model [12]. The transfer 
rate for corrosion of the canning and structure material was calculated using an 
emission factor of 10~5 a - 1 . The values given in Refs [13, 14] agree. 

While reprocessing the fuel elements, all radionuclides that are in the fuel 
are released. Based on Refs [3, 8], the last column in Table I shows the most 
important radionuclides that get into a reprocessing plant (capacity 1500 t/a) 
via fuel, with a cooling period of the fuel elements of 1 year. Concerning 3H it 
was assumed that 30% of the tritium produced in the fuel by fission diffuses into 
the Zr-cannings that are not dissolved by nitric acid. 

4. TOTAL COLLECTIVE EFFECTIVE DOSE EQUIVALENT COMMITMENT 

The total collective effective dose equivalent commitment S j in Eq. (2) is 
calculated using the organ doses and the factors given in Ref. [5]. To allow for 
genetic effects after the second generation, the contribution of the gonad dose 
has to be doubled [5]. The radiation exposure factor of the skin due to 
ß-radiation is 0.01 [15]. 

According to the different methods of description of the diffusion of the 
emitted radionuclides in the atmosphere, it is conventional to calculate the 
effective doses on the first-pass exposure and subsequent global distribution of 
the radionuclides separately. If the radionuclides are emitted via a stack, the average 
annual radionuclide concentration in the air in the vicinity of the emittent can be 
described sufficiently exactly with the Gaussian plume model. Beyond a distance 
of approx. 50 km, it is sensible to assume a homogeneous distribution of the 
distance-dependent nuclide concentrations within the distribution sectors, 
assuming constant heights of mixture [16] as long as research concerning more 
exact trajectory models has not been carried out. The global distribution can be 
calculated with the aid of box models [17—19]. 
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10° ' 102 ' 10* ' 10s ' 10е а 10ю 

FIG.l. Total collective effective dose equivalent commitment Sj from globally distributed 
radionuclides in dependence of integration time, (world population 1.E10) 

In order to calculate the doses due to 3H, 14C and 129I on the first-pass 
exposure, it is advisable to proceed from the specific activity model [8, 11]. 
The average 129I air concentration is about 10 ng/m3 [20]. The dose due to noble 
gases, iodine, except 129I, and aerosols, can be calculated according to the models 
and data given in Ref. [21 ], assuming normal nourishment habits. 

The integration time to be chosen is an important problem. The highest 
contribution for Sx due to globally distributed 14C and 129I arises only after 
approx. 500 years, as shown in Fig. 1. If the total 129I produced in nuclear 
power plants does not get into the oceans in the future, a high collective dose 
will result from the high integration time for the smallest doses [3,7]. It can be 
taken for sure that the world population will remain at about 1010 for the next 
100—10 000 years. In order to be on the safe side as regards detriment cases, an 
integration time of 10s years should be assumed. Over this period all important 
radionuclides except 129I will have practically decayed. 

There is also a time problem concerning the long-lived aerosols. For how long 
should the aerosols deposited on the ground be taken into account? It seems 



3 2 2 BONKA et al. 

TABLE II. TOTAL COLLECTIVE EFFECTIVE DOSE EQUIVALENT 
COMMITMENT ST BY AN EMISSION OF 1 Ci VIA A STACK 

Total collective effective dose equivalent commitment [ man-rem/Ci) 

Nuclide First 
pass 
exposure 

Global distribution in dépendance of integration time First 
pass 
exposure 70a 500a 10000a 10® a CO 

H 3 * 0.013 Ü7E - 4 6.7 E-4 6.7 E - 4 6t7 E-4 6.7 E-4 

C U 3 23 56 370 520 520 

Kr85 5 .E-5 14E-3 1.4 E-3 1.4 E-3 1.4 E-3 1.4 E-3 

1131 7 0 0 0 0 0 

1129 3000 4.8 7.8 72 6.8 E 3 1.6 E 5 

Aerosols 
(repc plants] 

MM 
1 0 0 0 0 0 0 0 

TABLE III. EXPECTED RADIOACTIVE EFFLUENTS FROM 
NUCLEAR POWER PLANTS WITH LIGHT-WATER REACTORS 
(3500 MW(th)) TO THE ATMOSPHERE AND THE SURFACE 
WATER AND COST OF RADIATION DETRIMENT FROM THESE 
EMISSIONS 

Nuclide 
Emission rate [Ci/a] 

S j [manrem] Y m 
by 100 $/mon rem Nuclide Atmosphere Surface water S j [manrem] Y m 
by 100 $/mon rem Nuclide 

BWR PWR BWR PWR BWR PWR BWR PWR 
H3 30 20 150 1000 1 3 100 300 
С14 10 10 0.1 0.1 5.E3 5.E3 5.E5 5.E5 
Кг 85 
Кг 88 
Xe133 

300 
30 

2500 

300 
50 

2500 
- -

0.4 
0.5 
2 

0.4 
1 
2 

40 
50 

200 

40 
100 
200 

1131 
1133 

0.1 
0.9 

0.05 
0.2 

0.1 07 
03 

0.4 
0.05 

70 
30 

40 
5 

Co 58 
Co 60 
Sr89 
Sr 90 
Cs 134 
Cs137 

a-actinide 

0.01 
0.01 

5.E-5 
1.E-4 
2.E-3 
3.E-3 
1.E-5 

0.1 
0.2 
0.005 
0.01 
0.1 
0.2 

0.02 
0.7 
0.005 
0.5 
0.5 
1 
0005 

2 
70 

0.5 
50 
50 

100 
0.5 
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TABLE IV. COSTS OF 14C-RETENTION FACILITIES IN NUCLEAR 
POWER PLANTS 

RMCtOr Release 
pathway 

Retention 
facility DF Tot. capital 

costs ($1 
Annual costs U/a] AX/AS, 

CtAnanrem] RMCtOr Release 
pathway 

Retention 
facility DF Tot. capital 

costs ($1 Capital Operating Total 
AX/AS, 

CtAnanrem] 

PWR 

"co2, 
off-gas system 

caustic scrubber 
solidification 

1.1 300 000 30000 30 000 60000 250 

PWR 
UCO2.UCO.UCH, 
off-gas system 

catalytic oxidation 
caustic scrubber 
solidification 

1.8 600 000 60000 50000 110000 50 PWR 

UCOJ."C0.UCHT 
off-gas system 
• ventilation 

catalytic oxidation 
caustic scrubber 
solidification 

10 7 000000 700000 100 000 800000 170 

BWR 

uco2, 
off-gas system 

caustic scrubber 
solidification 

18 300 000 30000 30 000 60000 25 

BWR U C 0 „ 
off-gas system 
.vent i lat ion 

caustic scrubber 
solidification 10 5 000 000 500000 50000 550 000 120 

appropriate to consider the radionuclides up to the point where they have been 
absorbed from the ground by the plants that serve as nourishment. Via human 
nourishment the radionuclides get into rivers and from there into oceans and 
then no more contribute towards radiation exposure except for 1291. An 
integration period of 105 years is sufficient for all radionuclides considered. As 
stated in Ref. [22] the 1291 concentration in goat's milk in the vicinity of the 
reprocessing plant Karlsruhe (WAK) decreased with a half-life of 0.3 years after 
the installation of an iodine-filter. An analysis of the ground showed that the 
deposited iodine was modified to a chemical form non-available for plants. The 
high exchange rate of iodine between the ocean, the atmosphere, and the 
continents [23] is certainly very important, too. In order to be on the safe side, 
a half-life óf 1 year is assumed. 

The collective doses, however, are not only dependent on the integration 
time, but on the first-pass exposure they are essentially dependent on the place 
of emission. If radionuclides are mainly emitted over uninhabited areas, e.g. the 
ocean, the collective dose is much smaller than in an area with a high population 
density. 

When calculating the collective doses on the first-pass exposure, it should 
be assumed that the radionuclides were emitted from an area south-east of 
Hamburg, in the vicinity of the planned reprocessing plant "Entsorgungszentrum" 
of the Federal Republic of Germany. Concerning Europe, it is sensible to proceed 
from the actual population distribution. 

Table II shows the calculated results assigned to 1 Ci. 



3 2 4 BONKA et al. 

The calculation of the collective doses due to radionuclides passing into 
rivers can only be estimated for actual cases. The utilization of the flowing waters 
is essential for the calculation. In order to obtain answers for nuclear power plants, 
Table III assumes a mixing volume of 1000 m3/s and a population of 106 persons. 

5. COST OF THE RETENTION OF THE RADIONUCLIDES CONSIDERED 

For cost-benefit analysis it is advisable to compare the cost of detriment 
due to emission over a year with the annual costs of retention. Running the 
retention facility entails annual fixed costs for the amortization of the total 
capital cost K j on the hand and operation costs ko on the other hand. The 
total capital costs include the direct costs for the retention facility and possibly 
for a storehouse as well as the total indirect costs for engineering, construction 
equipment and miscellaneous additional costs. The operating costs include the 
costs for personnel, energy, water, maintenance, and commodities. With the 
aid of the amortization factor 

а П = ( 1 - ( 1 +i-a + s • a)_t/a ( 4 ) 

i : rate of interest 
s : taxes 
v : insurance 
t : time of operation 

the annual costs к are: 

k = K T a n + k0 (5) 

Assuming current rates of interest and taxes, for i + s a value of 8%/a and 
for the insurance a value of 1%/a should be taken into consideration. Concerning t, 
the period until the end of operation of the facility has to be considered. It can 
be expected to be 30 years. So the amortization factor is approximately 0.1. This 
factor is rather low, compared with the figure of about 0.12 calculated for the 
legal period of amortization in the Federal Republic of Germany. Bibliographical 
data give up to 20%/a for the amortization factor for new facilities [24]. 

5.1. Nuclear power plants 

In order to avoid problems from the activities produced that are only 
released into the atmosphere via the stack or into rivers, nuclear power plants 
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TABLE V. COSTS OF THE RETENTION OF THE MOST IMPORTANT 
RADIONUCLIDES IN A REPROCESSING PLANT WITH A CAPACITY 
OF 1500 t/a 

Nuclide Release 
pathway 

Retention 
facility 

DF Tot copital 
costs($) 

Annual costs [ $ / a l ДХ/Д5Т 
í$/manrem) 

Nuclide Release 
pathway 

Retention 
facility 

DF Tot copital 
costs($) Capital Operating Total 

ДХ/Д5Т 
í$/manrem) 

3 H 

liquid 
waste 

offtake of 
liquid water 
discharge into ocean 

7 1000000 ЮОООО 250000 350 000 45 

3 H 
liquid 
wast« 
. DOG 

condenser 
discharge into ocean 8 1200000 120 000 280 000 400 000 50 

3 H 

liquid waste 
•DOG.VOG 

condenser 

discharge into ocean 35 2SOOOOO 250 000 650 000 900 000 100 

u c 

only UC02 

00G 
caustic scrubber 
solidification Ю 1000000 100 000 30 000 130 000 0.6 

u c "CO, . "CO 
."CH. 

OOG 

catal. oxidation 
caustic scrubber 
solidification 

20 2 000 000 200 000 50 000 250 000 1.0 

8 5 Kr DOG 
tow- temperature 
rectification 
disposal in botlles 

too 25 000000 2 500 000 500 000 3000 000 180 

129j 

DOG adsorption 200 500 000 50 000 (00 000 450 000 2 3 

129j 
DOG 

.HAW-ort-gas adsorption Э30 2 500 000 250 000 700 000 950 000 48 129j 

DOG 
.HAW-off-gas 
.MAW-off-gas 

adsorption 500 4 500 000 450 000 1000 000 1450 000 7.3 

Aero-
s o l s 

DOG .VOG 
prefilter. 
1 • HEPA 3.SE6 1500 000 ISO 000 150000 300 000 1 4E-3 Aero-

s o l s 

DOG.VOG 
prefilter. 
2 • HEPA 1EI0 2500 000 250 000 200 000 450 000 2E-3 

have extensive facilities for retaining radioactive material. These retention 
facilities are so effective that generally only a few per cent of the maximum values 
defined by the national radiation protection board are emitted. Table III shows 
the expected emission rates for light-water reactors of approx. 1200 MW(e). 
The total collective effective dose equivalent commitment S j due to these 
emissions is also quoted. The last two columns of Table III show the cost of 
detriment for a = 100 USS/man rem. Except for the costs due to 14C the figures 
are so low that it is impossible to plan further retention facilities for the other 
nuclides. From here it can be deduced directly that the retention facilities for 
nuclear power plants have been much more highly developed than necessary 
in terms of cost-benefit analysis. 
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In order to retain 14C in nuclear power facilities it seems that caustic scrubbers 
with NaOH as absorbent and Ca(OH)2 for transformation into CaC03 would be the 
most suitable. Following a preliminary design the total capital costs have been 
estimated, taking into account process technology aspects. Due to the higher 
demands made on nuclear technology concerning quality assurance and licensing 
requirements, the component costs are considerably higher for nuclear technology 
than for conventional process technology, which is a great problem. Therefore the 
estimated costs for conventional components have been raised by a factor of 5, 
as the costs of components in future nuclear technology are not known. 

Table IV shows a summary of the costs of 14C retention for light-water reactors. 
If only the off-gas of the primary circuit is taken into account, the annual costs 
will be low, due to small flow rates of 10 to 60 m3 /h. If l 4C is retained from the 
exhaust gas of the containment, too, in order to raise the DF, the annual costs will 
rise considerably due to the high flow rates of 1000 to 100 000 m3 /h. The last 
column of Table IV shows the relation AX/AS. 

5.2. Reprocessing plants 

For a reprocessing plant (PUREX-process) with an annual throughput of 
1400 t LWR-fuel, retention facilities for 3H, 14C, 85Kr, 129I and the aerosols are 
in a preliminary design stage, see Table V. The activities that have to be retained 
are quoted in Table I. 3H exists practically in all off-gas flows, even in the one 
of the high active waste (HAW) store, in the form of H 2 0 . Therefore the easiest 
way to eliminate 3H is by condensation from the air-flow of the dissolver off-gas 
(DOG) and the vessel off-gas (VOG). Removal of the tritiated water, concentrated 
due to recycling during the input stage of the PUREX process, seems to be the 
most effective method. Because of a 3H-scrubber practically no 3H passing 
through the organic phase and the heavy metals gets into the following extraction 
stages [25]. 

After the dissolution of the fuel elements, 14C exists in form of C0 2 in the 
DOG [26]. As with LWRs a caustic scrubber is suitable for the separation of 
14C from the gas flow and with Ca(OH)2 it is converted into a form suitable for 
final storage. 

85Kr enters the DOG with 100%. Current practice suggests it is best to 
separate 85 Kr from the DOG with the aid of a low-temperature rectification 
facility [27]. 85Kr can than be filled immediately into 50 litre bottles and can be 
kept until complete decay. 

In order to separate 129I from the off-gases the use of silver-impregnated silicic 
acid material AC 6120 is the most effective method known today [28]. The 
operating costs are, however, very high, but the capital costs are very low. By this 
method iodine is converted directly into a form suitable for final storage, which is 
another advantage. 
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It is best to separate the aerosols from the off-gases with HEPA-filters. 
Table V shows the retention facilities in question, with the costs and the 

estimated decontamination factors. The same problem as for the 14C separation 
in LWRs occurs in the cost calculation. As long as the facilities are not built and 
are not in operation, only best estimated costs can be quoted, which can differ 
considerably, upwards as well as downwards. Also the possible achievable 
decontamination factors can only be quoted as best estimated values. The last 
column shows again the ДX/AS ratio achieved. 

6. DETERMINATION OF THE OPTIMUM DECONTAMINATION FACTORS 

The previous elaboration shows that only best estimated values can be quoted 
for the costs of collective doses. It is nearly impossible to determine a large 
number of X and S j values and to quote the optimum DF with the aid of Eq. (3). 
Besides, discontinuities in the curve due to increases of single components make 
a pure mathematical analysis very difficult. It is probably best to determine the 
optimum DF value with the aid of a graph. Figures 2 - 8 show this for 
a = 100 $/man-rem. For 200 X 10~6 detriments per man-rem this would be 
equal to costs per detriment of 5 X 10s $. No minimum can be obtained for 85 Kr 
in reprocessing plants using 100 $/man-rem and the values estimated here. 
Therefore a is established as a variable. 

6.1. Nuclear power plants 

Figures 2 and 3 show the result for 14C retention in boiling water reactors 
(BWR) and pressurized water reactors (PWR). The high values of the AX/ASj 
ratio for PWRs with a DF of approx. 1.1 — see Table IV — are caused by the fact 
that only a small part of 14C is emitted as C0 2 . 

According to the graph of X + Y, 14C should be retained in light-water reactors 
with a DF of approximately 2. If a a-value of 200 S/man-rem is chosen, the 
optimum DF will rise up to approximately 4. 

This is a surprising result, which is certainly caused by the costs of retention 
being estimated too low. 

6.2. Reprocessing plants 

Figures 4 - 8 show the curves for the retention of 3H, 14C, 85Kr, 129I and the 
aerosols in reprocessing plants. If the DF has a range of more than 2 orders of 
magnitude as for 129I and the aerosols, it will be best to graph the data logarithmically, 
see Figs 7 and 8. Except for 85Kr, distinct minima in the (X+Y) graph result in 

(text continued on p.331) 
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FIG.2. First results of a cost-benefit analysis of14 С retention in BWRs with thermal power 
of 3500 GW. (95% ЫС02, rest 14C0+ 14СпНт); (Emax = M Ci/a, a= 100 $/man-rem) 

DF-« 
i 1 1 1 1 i 
0 1 2 3 103manrem 5 

** ST 
FIG.3. First results of a cost-benefit analysis of14 С retention in PWRs with thermal power 
of 3500 GW. (10% ЫС02, rest14CnHmj; (Emix = 10 Ci/a, a = 100 $/man-rem) 
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FIG.4. First results of a cost-benefit analysis o f 3 H retention in reprocessing plants with a 
capacity of 1500 t/a. (Emm = 7 X 10s Ci/a, a= 100 $/man-rem) 
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FIG.5. First results of a cost-benefit analysis of14 С retention in reprocessing plants with a 
capacity of 1500 t/a. (Emax = 500 Ci/a, a =100 $/man rem) 
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FIG.6. First results of a cost-benefit analysis ofssK> retention in reprocessing plants with 
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FIG.8. First results of a cost-benefit analysis of aerosol retention in reprocessing plants with 
a capacity of 1500 t/a. (Emax = 2 X 106 Ci/a, A = 100 $/man-rem) 

all cases. According to the data estimated here, for 3H an optimum DF results of 
approximately 6, for 14C of about 20, for m I of about 200 and for the aerosols 
of about 109. The values shift only insignificantly if a figure of 200 $/man-rem 
instead of 100 S/man-rem is applied. 

Concerning 8SKr retention only one point at 180 $/man-rem with a DF of 
100 could be found, taking the estimated data. This value drops to 110 $/man-rem 
if the input raises from 1400 t/a to 1800 t/a (full capacity) and here the activity 
o f 8 5 Kr increases from 1.2 X 107 Ci/a (see Table I) to 2 X 107 Ci/a [29]. If 
a = 200 $/man-rem is assumed cost-benefit analysis would require 85 Kr retention. 

7. CONCLUSIONS 

It has to be stated positively that the ICRP has developed a method to limit 
not only the individual dose but also the collective effective dose equivalent 
commitments. Success in this area can only be expected if non-determined 
parameters such as the cost of detriment are generally determined by constant 
values. Until this has been done, values between 10 and 1000 $/man-rem [4, 6] 
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can be chosen for the costs of detriment. With this range any result whatever 
is possible. Exact cost estimation for the various retention facilities seems to be 
extremely difficult because the data resulting from process technology can only 
be used conditionally. As radioactive emissions expose not only one's own 
country, international coherence should be achieved. This is particulary the case 
as regards 14C. 
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DISCUSSION 

R.J.A. NEIDER: I accept that the optimization procedure as described in 
ICRP-26 can be applied to well-defined or locally limited problems, for example 
to decide whether additional measures need to be taken inside a laboratory in 
order to reduce the collective dose equivalent of the personnel. You have applied 
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this procedure to a much wider problem and shown that this can be done only 
if a definite value of the man • sievert is given. This is surely not the only 
necessary condition. In your case, where you are calculating collective dose-
equivalent commitments far into the future (for the next several hundred years), 
you have to know the value of the man-sievert in the future for all countries in 
the world. One cannot assume that this value will be constant in time and space. 
It will obviously be dependent on the social system and economy of each 
particular country. Optimization might therefore be useful for the first-pass 
exposure but not for minimizing the future global collective dose equivalent. 

H. BONKA: The optimization procedure described in ICRP-26 includes all 
situations in which radioactive nuclides are released into the environment and 
we have to think about the application to the future. This raises the problem 
you mentioned. In practice, though, there are only a few cases where the 
integration time is of great importance. If we consider the reprocessing plant, 
it can be seen that for 3H and 131I, the most important pathway is the first-pass 
exposure. For 85Kr and the aerosols it is the period between 50 and 100 years 
that counts. There are only apparent problems with 14C and 1291. As I mentioned, 
for an integration time of 10s years, the first-pass exposure is also the most 
important in the case of 129I. Finally, if we look at 14C and take an integration 
time of just 100 years, we get nearly the same minimum as in Fig.5. So in 
practice there are no particular problems. 

N.T. MITCHELL: Table V indicates the costs of treatment plants that 
you consider justified for a disposal route involving discharge into the ocean. 
Can you say something more about the pathway modelling involved since it 
seems that there is a great disparity here with our very low estimates for this route? 

H. BONKA: Table V shows only the costs for three different 3H retention 
facilities used to limit the emissions from a stack. It is not a comparison with 
direct release into the ocean. The authorities require that the discharge into 
rivers should be very low (< 1000 Ci/a). There are high contributions to the 
collective effective dose from the first-pass exposure caused by total emission 
of the 3H from a stack. The global part is nearly an order of magnitude smaller 
than this. If we want to reduce the collective dose, we therefore have to decrease the 
first-pass exposure. The calculation of the collective dose from this exposure has been 
made in three parts: (1) the exposure due to tritium dispersion in the atmosphere, 
including the depletion of the radioactive plume; (2) the exposure from the 
drinking of rain-water; and (3) the exposure due to evaporation of precipitated 
water. The global contribution is calculated with a multi-compartment model, 
details of which are given in Ref.[8] of the paper. 

N.T. MITCHELL: How can you be sure that the considerable sums required 
for the 129I removal plant will really result in the elimination of the dose over 
the lifetime of this radionuclide? 
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H. BONKA: In the Federal Republic of Germany we intend to dispose of 
all the retained solid waste in a salt mine. The 129I should be isolated from the 
biosphere until it decays. The salt domes in the Federal Republic of Germany 
are more than 108 years old. 

G.H. PALMER: You concentrated on the collective dose to a large population, 
the ways in which it can be reduced and the cost of such reduction. You also 
outlined methods of removing tritium and 85 Kr. Did you consider the extra 
radiation dose to the plant operators involved in these removal processes? I believe 
the cost of such additional doses may become important, since a direct implication 
of ICRP-26 seems to be that we shall in future have to pay for radiation exposure. 

H. BONKA: In cost-benefit analysis, we also have to take into account the 
collective dose to the workers. However, the occupational part of the collective 
dose is very low compared to the public part. If, for example, the decontamination 
factors for 3H and 85Kr in a reprocessing plant are 7 and 100, the collective effective 
doses of the population will come out at about 8000 and 16 000 man rem per year, 
respectively. Compared with these values, the dose to the workers is small and can 
usually be neglected. In the Federal Republic of Germany, the collective effective dose 
of the workers in a nuclear power plant or small reprocessing plant, for example, 
is about 200 man-rem per year. 

Yu.V. SIVINTSEV: What is the reason for the large difference between the 
tritium discharges from the BWR and PWR reactors as given in line 1 of your 
your Table III? 

H. BONKA: With boiling water and pressurized water reactors all the tritium 
which is produced and which diffuses from the fuel elements and the absorber 
rods into the primary circuit water will be discharged with the exhaust air and 
the waste water. In BWRs, boron is used to compensate the reactivity. Only 
a small part of the 3H produced diffuses into the primary circuit water. With 
PWRs, on the other hand, about 500 ppm of boric acid are used in the water of 
the primary circuit to compensate a large part of the reactivity. In the absorber 
rods, indium and cadmium are normally used. Therefore the 3H production in 
the primary circuit water of PWRs is about 800 Ci/GW(e) • a from the neutron 
reaction with 10B. The 3H production from 'H and 2H in the water is small. 
Details are given in Ref.[8] of the paper. 
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Abstract 

APPLICATION OF ICRP RECOMMENDATIONS IN PRACTICE. 
The recommendations of ICRP Publication 26 are inter alia based on the following 

premises: (1) average risk of low-level radiation exposure is 10"4 rem"1 for all workers 
regardless of age or sex; (2) annual average exposure of large groups of workers is 5 mSv; 
and (3) risk from exposure at this average level is comparable with the risk in some of the 
'safe occupations'. Problems encountered in the application of dose-equivalent limit, 
derived on the basis of the above assumptions, are discussed. The uncertainties and the 
problems in the application of the ALARA principle have been identified. 'Planned special 
exposures', 'exposure of women of reproductive capacity' and 'working conditions' for 
personnel monitoring are discussed with regard to their applicability and the need for specific 
recommendations. The need for numerical guidance to deal with accidents and emergencies 
is emphasized. The significance of recommendations on lifetime dose-equivalent limit is 
pointed out. Specific recommendation for recording of all (including medical) exposures 
is called for, in order to generate information on the effects of low-level ionizing radiation 
and for meaningful application of ALARA. Temporary workers are required to work for 
short durations to tide over the peak man-power requirements of the nuclear industry. 
The necessity for recommendations on dose limits dependent on the length of employment 
of temporary workers is indicated. 

1. INTRODUCTION 

Recommendations of the International Commission on Radiological 
Protection (ICRP), hitherto, had the unique characteristics of representing: 

( 1 ) an international effort to deal with the hazards of ionizing radiation 
by specifying defined numerical standards; 

(2) a continuing effort to ensure health and safety of the individual 
occupational worker, and the population; 

(3) an assurance regarding the safety of the individual occupational worker 
and critical groups of the population, provided the exposure did not 
exceed the recommended limits. 

* Present address: National Fello w (Department of Science & Technology), Bhabha 
Atomic Research Centre, Trombay, Bombay - 400 085, India. 
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These were accomplished in spite of the numerous uncertainties involved in 
extrapolating the results of exposure of man and animal at high radiation level 
to predict the effects of low-level ionizing radiation on human health. The 
approach of adopting definite numerical values for 'maximum permissible dose' 
was based on the conviction that "values can be sét such that there is a low 
probability of radiation injury without undue restrictions on uses and benefits 
of ionizing radiation" [ 1 ]. 

This attitude in the prescription of the dose limits made it possible for 
most of the national authorities to adopt the ICRP recommendations directly 
into their rules and regulations for ensuring radiation safety. This brought about 
a disciplined international approach to the practical science of safety in 
radiation technologies. 

Such an international effort for safety in conventional technological or 
social activities has not yet been possible. National authorities have adopted 
different numerical safety standards (quite often subjective and ad hoc) for 
similar types of hazardous activities [2]. In situations where safety standards 
could not be specified, the activities were carried out, more often than not, 
without an objective evaluation of the safety implications. Only recently, the 
World Health Organization and some national institutions in developed countries 
have started evaluating the problem of evolving methodologies in emulation of 
ICRP and similar efforts in radiation safety sciences, for specifying numerical 
safety standards for hazards in conventional technological endeavours and other 
human activities [3, 4, 5]. Efforts have been initiated to take into account the 
carcinogenic and mutagenic effects of chemicals and conventional toxins in 
evolving maximum acceptable exposure norms [6]. 

In the current ICRP approach, radiation exposure should be justified by 
necessary activities, which, in turn, are tied up with non-quantifiable entities 
such as social, economic (and, maybe, political.) considerations. Such linking will 
make quantification of protection standards more difficult. Until such time as 
methodologies can be developed to quantify socio-economic and political aspects, 

• introduction of such concepts would only add uncertainty in the application 
of safety standards owing to the possibly conflicting views of the operating 
agencies and the independent radiation safety agencies. It should be reckoned 
that in day-to-day practical applications of the principles, definite numerical 
limits are necessary. 

2. RISK AND SAFETY STANDARDS 

ICRP-26 [7], in presenting the recommendations for radiation protection, 
has made three basic assumptions: 

(1) risk of low-level radiation exposure is 1СГ4 rem - 1 as an average for 
both sexes and all ages; 
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(2) annual average dose in "large occupational groups" is about 5 mSv 
(one-tenth of the annual maximum permissible dose or annual dose 
equivalent limit of 50 mSv); 

(3) "average risk in the radiation occupations is comparable with the 
average risk in other safe industries". 

3. RISK OF LOW-LEVEL EXPOSURE 

IÇRP-26, in presenting the non-stochastic risk factors for the exposure of 
individual organs and the total stochastic risk from uniform whole-body irradiation, 
has made use of risk estimates in 'absolute terms', e.g. 10 - 4 rem - 1 as the mortality 
risk factor for radiation-induced cancer [8]. This might be misinterpreted as 
implying considerably greater accuracy than the facts justify [8]. UNSCEAR 
has suggested that the total risk for all fatal induced malignancies, including 
leukaemia, is five to seven times the leukaemia induction rate [9]. ICRP-26 has 
used a factor of 5 for calculating the total risk. Rotblat [10] has suggested a 
leukaemia risk factor of 1.6 X 10 - 4 rem - 1 , deduced from observations at low 
doses. This gives a mortality risk from all cancers as 8 X 10 - 4 rem"1. According 
to Morgan [11], Rotblat has underestimated the risk for leukaemia induction 
and the risk is of the ordér of 3 X 10 - 4 rem - 1 . This would yield a mortality risk 
factor of 15 X 10 - 4 rem - 1 . Mancuso et al. [12] reported higher risk factors for 
low-level ionizing radiation. The assumptions and the methodology for obtaining 
these risk factors have been convincingly questioned by Reissland [13] and many 
others. Iyer et al. [14] have pointed out that, according to IÇRP-27, the exposure 
at dose limit of 5 rem/a entails a mortality risk from cancer of 3.4 X 10 - 4 though 
the annual mortality risk factor is 10"4 rem - 1 . Thus, at present, the risk factors 
can at best be estimated with uncertainty factors ranging from 5 to 10. 

4. ANNUAL AVERAGE DOSE OF GROUPS OF WORKERS 

• According to UNŠCEAR [9], a dose distribution with the properties of the 
UNSCEAR reference distribution would comply with the intent of the ICRP 
dose limitation system for occupational workers. The characteristics are: 

(1) the distribution of annual doses is lognormal; 
(2) the mean of the annual dose distribution is 0.5 rem (one-tenth of the 

ICRP maximum permissible annual whole-body dose); and 
(3) the proportion of workers exceeding the maximum permissible annual 

dose of 5 rem is 0.1 per cent. 
A study of thé information presented in UNSCEAR-77 on the exposure to 

workers in various occupations reveals that the annual average dose in many 
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TABLE I. SUMMARY OF ANNUAL AVERAGE DOSE [9, 14] FOR 
OCCUPATIONAL WORKERS IN THE NUCLEAR FUEL CYCLE 

Type of Country Average annual dose Remarks 
operation (rem) 

Mining of 
France 

1.0 Same throughout the world 
uranium 

France 
1.5-2.0 Bronchial exposure 

Milling and UK 0.4-0.5 Bimodal distribution, picture 
fuel USA 0.47-0.59 likely to change with use 
fabrication of mixed fuel 

Power USA 0.74-1.2 Bimodal distribution 
production (1969-75) 

France 0.16-0.55 Steady increase 
(1964-74) 

FRÜ 0.89-1.15 Plant personnel only 
0.48-0.73 External personnel 

Canada 0.98 
1.67 Operators 
2.07 Mechanical maintenance staff 
1.09 Control maintenance staff 

Reprocessing UK 1.25 Bimodal distribution 

USA 3.15 [14] Predicted 

Note: Other groups of workers for which the annual average dose is about 1.0 rem are: 
industrial radiographers, lurainizers, medical workers in radiotherapy or engaged in 
manufacture of radiopharmaceuticals and industrial sources. 

occupations is more than 0.5 rem; rather, it is close to or greater than 1.0 rem 
for most phases of the nuclear fuel cycle (Table I) [9]. Even this average is due to 
the very high proportion of "drones" who received "very little irradiation" [9,10]. 
Our experience also conforms to this pattern [15]. The reference distribution of 
UNSCEAR indicates that an average exposure of 0.5 rem is realized when 
exposure of about 67% of the persons lies between 0 to 0.5 rem. About 90% of 
the medical workers in the UK received less than 0.5 rem during 1974 [10]. 

This exposure record was obtained during the period when recommendations 
contained in ICRP-9 were in vogue. It is important to note that the distribution 
of annual dose equivalents, as obtained in atomic power industry and radiography 
operations, where increasingly large numbers of workers are being engaged in 
radiation work, is bimodal [9]. These are contrary to the assumption of ICRP-26 
that "in the case of uniform exposure of the whole body, in circumstances where 
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Commission's recommendations . . have been applied, the distribution of 
the annual dose equivalents in large occupational groups has been shown very 
commonly to fit a lognormal function with an arithmetic mean of 5 mSv ". 

ICRP-26 recommendations are based on the concept of average risk to the 
groups of workers and it has been assumed that "the workers who are exposed 
near the dose-equivalent limits are unlikely to receive such high doses each year 
of their occupational life . . . . " . Experience in the nuclear power industry is 
contrary to this. The exposure to an individual, to a large extent, is dependent 
on his training and skill to perform particular tasks, especially when there is 
dearth of personnel having such specialized skills. 

The recommendations contained in ICRP-26 become subjective with the 
condition that "long-continued exposure of a considerable proportion of the 
workers at or near the dose-equivalent limits would be acceptable if a careful 
cost-benefit analysis has shown that the higher resultant risk would be justified". 
Besides, it will be unethical to subject any group of workers to "higher resultant 
risks" on the basis of cost-benefit analyses. Gupta [16] has analysed the 
uncertainties involved in the performance of cost-benefit analysis and has pointed 
out that, at present, the uncertainties associated in the determination of para-
meters required to perform acceptable cost-benefit analysis for the justification 
of exposures are unacceptably high, subjective and manipulable. 

The ICRP-26 récommendations are based on the concept of annual average 
dose and average risk to "large occupationalgroups". The concept of average 
dose (the way it is often obtained) has limitations. There exists, as yet, no 
agreed procedure for averaging radiation exposure to workers. It is important 
to prescribe definite criteria for the selection of "occupational groups". 

5. COMPARISON OF RISKS 

ICRP-26 has stated that "the Commission believes t h a t . . . . the acceptability 
of the level of risk in radiation work is by comparing this risk with that for other 
occupations recognized as having high standards of safety, which are generally 
considered to be those in which the average annual mortality due to occupational 
hazards does not exceed 10~4". ICRP-26 has recommended safety standards 
"intended to prevent non-stochastic effects and to limit the occurrence of 
stochastic effects to an acceptable value". The risk factors calculated for industries 
selected for comparison of risk, are mostly based on the non-stochastic nature 
of hazards [17]. 

While comparing the risk from low-level radiation exposure with the risk 
obtained in some of the "safe industries", ICRP has implied that the two basic 
premises, underlined below, are established: 

(1) The risk levels obtained in the activities chosen for comparison are 
the best achievable and acceptable. The risks involved, although made 
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apparently acceptable, are not really so in the final analysis. The 
apparent attitude in conventional industry can be interpreted as that 
of maximum enforceable risk, under the prevailing socio-economic 
conditions, although this is made out as 'acceptable'. In most of the 
risk estimates available for conventional practices, little distinction 
has been made between the public and the occupational workers. 

(2) Methodology of risk assessment is adequately developed and can be 
used for comparison. Otway [18], analysing the social response to 
technological risks, observes that "at present, the major contribution 
of such studies is an improved understanding of the technical and 
social systems being investigated and the acquisition of new insights 
into their interaction". 

6. APPLICATION OF THE ALARA PRINCIPLE 

One of the main features of the ICRP's recommended system of dose 
limitation is that "all exposures shall be kept as low as reasonably achievable 
(ALARA), economic and social factors being taken into account". This implies 
that protection methods should be optimized by performing a cost-benefit 
analysis. The performance of such an analysis requires that optimum targets 
are specified for individual dose, collective dose and costs per man rem. 
However, ICRP has not recommended any numerical guidance in applying the 
ALARA principle for individual/collective doses for different operations. ICRP 
states that "in many occupations workers who are exposed near the dose-
equivalent limit are unlikely to receive such doses each year of their occupational 
life and it would be their lifetime dose equivalent that would indicate their 
total individual risk". Recommendation for the lifetime exposure of an individual, 
along with the annual dose equivalent, on the basis of the ALARA principle, could 
be helpful for optimizing protection methods. 

The cost of the man-rem is an important parameter required to be 
determined accurately for performing cost-benefit analysis. The cost of the 
public man-rem and the occupational man rem will be required as input 
information depending on the influence on the public and/or occupational 
exposures of the practice being optimized. The cost of the public man-rem 
with universal applicability, specifically for the practices having potential for 
regional and global detriments, is difficult to arrive at. Efforts to assign 
monetary values to the public man-rem as well as the occupational man-rem in 
national contexts have been made. Man rem values ranging from $10 to 
$100000 have been suggested [19]. ICRP-22 [20] has suggested a value ranging 
from $10 to $250. Wilson et al. [21] have suggested costs of occupational 
man rem ranging from $650 for a nominal staff complement to $18 600 for 
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additional permanent staff under Canadian conditions, to be considered at the 
design stage of nuclear power plants. 

The capital cost of equipment and the operating expenditure can be assigned 
firmly, if the technologies are indigenous. With the unassignable costs involved 
in the import of technology, application of the ALARA principle is not practical, 
since in such a case cost-benefit analysis loses all semblances of any rational approach. 

7. PLANNED SPECIAL EXPOSURES 

ICRP-26 states that "situations may occur infrequently during normal 
operations when it may be necessary to permit a few workers to receive dose 
equivalents in excess of the dose-equivalent limits". IAEA has defined "normal 
operation" as "operation of a nuclear power plant within specified operational 
limits and conditions including shutdown, power operation,.shutting down, 
starting up, maintenance, testing and refuelling [22]". Normal operation should 
be managed within the recommended annual limit. The acceptability of "twice 
the relevant annual limit in any single event and in a life-time five times this 
limit" appears essentially as an incentive for relaxation of design safety features 
and can lead to frequent "planned special exposures" in spite of ICRP's 
recommendation that such exposures are only justified "when alternative 
techniques are either unavailable or impracticable". 

ICRP-26 states that "dose'equivalents resulting from planned special 
exposures should be recorded with those from usual exposures, but any excess 
over the recommended annual dose-equivalent limits should not by itself 
constitute a reason for excluding a worker from his occupation". ICRP permits 
the worker to continue routine work on the basis of his "previous exposure, 
health, age and special skills, as well as social and economic responsibilities". 
The social and economic responsibilities are rather difficult to quantify in real 
situations. If special skills of a worker become the guiding factor to regulate 
his exposure, this would mean penalization of the individual for possessing 
such skills. 

Dispensing with the age-related formula is welcome. Guidance should, 
however, be provided for situations where annual dose-equivalent limit is 
exceeded. All exposures should be recorded. Notwithstanding the "previous 
exposure, health, age and special skills, as well as the social and economic 
responsibilities" of the worker, any excess exposure should be compensated for 
from the annual dose-equivalent limit. The limits recommended by ICRP, for 
intervals shorter than a year, played an important role in disciplining the activities 
involving radiation. These limits acted as 'defence in depth', for controlling 
radiation exposures. But, ICRP has now removed such recommendations. 
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TABLE II. CHARACTERISTICS OF THE REFERENCE DISTRIBUTION [9] 

Annual dose Probability of an Fraction of the total collective dose 
range annual dose contributed by doses 
(rad) in the range in the range 

0 - 0 . 5 0.668 0.253 

0 - 1 . 5 0.956 0.690 

0 - 5 . 0 0.999 0.941 

8. EXPOSURE OF WOMEN OF REPRODUCTIVE CAPACITY 

Since no restrictions have been recommended on the rate of exposure of 
any category of workers, it may not be correct to assume that the exposures 
are received by women of reproductive capacity at an "approximately regular 
rate". The rate of exposure to an individual is also dictated by the exigencies 
of work. Even with the assumption with regard to the "approximately regular 
rate" of exposure (1 mSv/week) the dose to the whole body during the first 
two months of pregnancy could be 8 mSv and not "5 mSv", as stipulated by the 
Commission. If the Commission is of the opinion that exposure of more than 
5 mSv is unsafe to any embryo during the essential period of organogenesis, 
this should be specifically stated. 

9. WORKING CONDITIONS 

"Working conditions A and B" had been stipulated by ICRP in its Publication 9 
and have been adopted in ICRP-26 as well, with little modification, for the 
purpose of organizing personnel monitoring services. Adoption of such a scheme 
in ICRP-9 was apparently based on the emphasis attached to "maximum permissible 
exposure". With the importance attached to the distribution of exposures and 
the annual average dose, this concept assumes significance. 

As also cited earlier, UNSCEAR-77 [9] gives the characteristics of a reference 
distribution likely to meet the requirements of ICRP-26 (Table II). For situations 
which meet the requirements of ICRP-26, more than 95% of the total number 
of workers would receive an annual dose less than three-tenths of the annual 
dose-equivalent limit. If the ICRP recommendations are followed, most of the 
workers need not be provided with any personnel monitoring. 



IAEA-SR-36/14 3 4 5 

Such a situation may lead to many legal and social complications. It will 
also undermine confidence in the safety of the workers. Adoption of this 
recommendation would result in the loss of voluminous useful information in 
the domain below 1.5 rem. Working conditions A and В for personnel monitoring 
purposes would also make it difficult to comply with the ALARA concept. 

10. ACCIDENTS AND EMERGENCIES 

ICRP has not given numerical guidance, even for design and planning 
purposes, on permissible exposures or dose limits for accidents and emergencies 
[8, 23]. It does not give guidance for adoption of "intervention levels". ICRP-26 
suggests that workers exposed in excess of the limits should be "volunteers". 
This perhaps envisages organization of a corps of professional volunteers. 

ICRP, with the expertise and voluminous information available at its disposal, 
should provide at least semi-quantitative guidance to the national authorities 
for this vital aspect of radiation protection. The exposures received during 
accidents and emergencies should be compensated for by adjusting the subsequent 
exposure of the workers so that the overall risk to the individual worker remains 
within the acceptable limits. The total dose, including that received during 
contingencies, should stay within the maximum permissible life-time dose. 
ICRP-26 states that "the person may be allowed to continue routine work 
taking due account of previous exposure, health, age and special skills, as well 
as social and economic responsibilities". This creates the impression that such 
a worker may be exposed to higher risks — an unsafe practice to advocate. 

11. MEDICAL EXPOSURES 

Table III gives comparative figures for exposures from different sources. 
Medical exposure is the biggest known source of exposure from man-made 
radiation sources. ICRP provides a series of cautious considerations that should 
prevail in the utilization of radiation for medical purposes. However, the entire 
dose delivery is left to the discretion of the individual practitioner. In adopting 
the medical procedure, "balance between the advantages implied for the individuals 
examined and for the population as a whole, together with costs, including 
detriment" of the practice is advised. We are not sure if methodologies are 
available for such evaluations. It is recognized that where radiation exposure is 
governed by medical considerations, medical opinion has to supersede other 
considerations. The authors consider that the maximum permissible exposures 
for each of the different diagnostic procedures need to be stipulated. 
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TABLE III. SUMMARY OF ESTIMATES OF ANNUAL WHOLE-BODY 
DOSE RATES IN THE USA ( 1970) [8] 

Dose rate, 
mrems/year 

Environmental 

Natural 102 

Global fallout 4 

Nuclear power 0.003 

Medical 

Diagnostic 72 

Radiopharmaceutical 1 

Occupational •- 0.8 

Miscellaneous 2 

Population dose statistics from medical uses is estimated through surveys 
of radiological installations and operating practices. However, doses received by 
individuals exposed for therapeutic, diagnostic or adventitious purposes are 
not recorded now. Neither is this recommended by ICRP. Practice of ALARA 
is inapplicable in the absence of exposure records. Recording of medical 
exposures of individuals would provide invaluable data for the assessment of the 
effects of ionizing radiation. It is imperative that all exposures, including 
medical, are recorded. 

12. TEMPORARY WORKERS 

Employing casual, temporary or contract workers to tide over the peak 
man-power requirements of nuclear power industry has become a well established 
practice the world over. The number of such workers and their exposures are 
significant [9]. Morgan [24] has protested against the nuclear industry practice 
of 'burning' and even 'burning out' temporary employees, who are poorly instructed 
and untrained. He has pointed out that because of limited training, poorly 
developed skills and a lack of appreciation of the risks of chronic exposure, such 
employees are much more likely to be involved in radiation accidents that could 
result in harm to themselves and others. Out of the total occupational exposure 
of 11 172 manrems in US LWR plants in 1975, the temporary workers received 
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6053 man-rems (54.2% of the total) [25]. Our experience in nuclear power 
operations also shows that non-station personnel account for about 50% of the 
total dose [15]. These workers are employed for short durations, from a couple 
of weeks to a few months. Normally the tendency is to extract the maximum 
out of these workers and expose them to the dose-equivalent limit. The principle 
of cost-effectiveness encourages maximum utilization of allowable exposure, 
notwithstanding ALARA. In specific situations, recourse could also be taken to 
expose these persons under the "planned special exposures" category. It is 
necessary to prescribe dose-equivalent limits dependent on the length of 
employment of these workers. 

13. IAEA BASIC SAFETY STANDARDS 

The IAEA Basic Safety Standards for radiation protection are still in the 
draft stage. The present draft mostly paraphrases ICRP recommendatións. 
The authors of this paper hope that the problems identified in this seminar will 
be dealt with by the Agency before promulgating the document. 
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DISCUSSION 

G. COWPER: Is the figure of ~ 50% for the share of total dose equivalent 
received by temporary workers representative of all your operations or does it 
refer especially to LWRs or heavy-water reactors? Also, is this result based on 
steady-state operations or does it include repair and modification work? 

V.K. GUPTA: The figure is for LWRs. The exposures are mainly incurred 
during maintenance outages. 

M.R. NUYTS: Mr. Jammet has put forward the idea that optimization could 
vary from one country to another according to the standard of living, the degree 
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of civilization and local basic needs. I would like to ask you if you agree with 
this and, if so, whether you think that it would be possible to determine the 
percentage value of the man rem in India compared to that in a highly developed 
area such as the USA or a country in Western Europe. 

V.K. GUPTA: We view detriment as detriment; it has no reference to 
standards of life or civilization. 
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Abstract-Résumé 

PROBLEMS OF DRAWING UP STANDARDS FOR PERSONS SIMULTANEOUSLY 
ENGAGED IN MORE THAN ONE ACTIVITY INVOLVING RADIATION HAZARDS. 

The authors examine, from the points of view of the ICRP recommendations and of 
national and international standards, radiation protection problems posed by persons 
simultaneously engaged in professional activities involving radiation hazards in more than one 
place. The consequences of this type of situation, for the radiological protection classification 
of workers and for the evaluation and recording of doses received, are described in detail. In 
order to ensure proper monitoring of doses, agreements must be reached in advance between 
those in charge of the different areas of activity. Three cases seem to be of particular 
relevance: (a) that of workers who, while working for a single employer, perform in more 
than one place activities in which they are exposed to ionizing radiation (scientists working 
at different research centres, employees of companies specialized in the nuclear field, including 
the use-of isotopes, accelerators, etc.); (b) that of workers who are engaged by more than one 
employer and are exposed to ionizing radiations as a result of their activities at different 
establishments (a special case is that of doctors who are radiologists or specialists in some other 
branch of nuclear medicine and work both as employees and independently in their own 
practices); and (c) that of employees of outside organizations not directly concerned with 
nuclear activities who are only exposed to ionizing radiation when called upon to work in 
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establishments possessing sources of radiation. Finally, the authors suggest some ways of 
solving these problems — though they are rather difficult to define objectively (for example 
the case of medical practioners). 

PROBLEMES POSES PAR L'ETABLISSEMENT DE NORMES APPLICABLES AUX 
PERSONNES EXERÇANT SIMULTANEMENT PLUSIEURS ACTIVITES IMPLIQUANT 
DES RISQUES RADIOLOGIQUES. 

Les auteurs examinent, du point de vue tant des recommandations de la CIPR que des 
normes internationales et nationales, les problèmes de radioprotection posés par les personnes 
qui exercent des activités professionnelles impliquant des risques d'irradiation simultanément 
dans plusieurs lieux de travail. Les conséquences de ce type de situation pour la classification 
aux fins de la radioprotection de ces travailleurs et pour l'évaluation et l'archivage des doses 
reçues sont exposées en détail. Afin d'assurer un contrôle correct des doses, il est nécessaire 
que des accords préalables soient conclus entre les responsables des différents domaines 
d'activité. Trois cas semblent particulièrement intéressants: a) celui des travailleurs qui, tout 
en étant au service d'un seul employeur, remplissent leurs fonctions dans plusieurs endroits 
où ils sont exposés à des rayonnements ionisants (scientifiques fréquentant plusieurs centres 
de recherche, employés de firmes spécialisées dans le domaine nucléaire, dans l'utilisation des 
radioisotopes, des accélérateurs, etc.); b) celui des travailleurs qui sont au service de plusieurs 
employeurs et sont exposés aux rayonnements ionisants au cours de travaux effectués dans 
plusieurs établissements; un cas spécial est celui des médecins radiologistes et nucléaires 
exerçant leur activité soit comme employés, soit à titre privé dans leur propre cabinet; c) celui 
des employés d'entreprises extérieures à vocation non nucléaire, qui ne sont exposés aux 
rayonnements ionisants que lorsqu'ils sont appelés à travailler dans des établissements possédant 
des sources de rayonnements. Les auteurs proposent enfin quelques formules visant à apporter 
une solution à ces problèmes, qui de toute façon sont assez difficiles à objectiver, comme c'est 
le cas par exemple dans la pratique médicale. 

1. INTRODUCTION 

Dans la pratique de la radioprotection il n'est certes pas rare de rencontrer 
le cas de personnes qui exercent plusieurs activités impliquant.des risques 
d'irradiation, ou la même activité en plusieurs lieux de travail. Naturellement 
ces situations posent de délicats problèmes normatifs en matière d'attribution 
des tâches et responsabilités dans les domaines de la classification aux fins de 
la radioprotection, de la surveillance médicale, de l'archivage des données et 
surtout des dispositions pratiques devant assurer le respect des DMA. Pour 
résoudre ces problèmes les responsables de la radioprotection ne disposent pas 
toujours de normes claires et explicites. 

S'il est clair que les recommandations de la CIPR, qui fixent les principes 
techniques et philosophiques de la radioprotection, ne peuvent prendre en 
considération des cas très particuliers, on doit toutefois souhaiter qu'elles, et 
plus encore les normes proposées sous des formes et dans des buts différents 
par des organismes supranationaux (AIEA, CEE, AEN, etc.), fournissent au 
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moins des directives générales pour la réglementation des situations évoquées 
ci-dessus, étant donné que de telles situations se présentent fréquemment en 
rapport avec des activités exercées dans plusieurs pays. 

Après avoir brièvement rappelé ce que prévoient les recommandations de 
la CIPR et les normes supranationales en matière de tâches et responsabilités 
dans le domaine de la radioprotection, surtout en ce qui concerne la classification 
des travailleurs exposés, on passera aux principaux problèmes rencontrés dans la 
pratique de la radioprotection et on tentera de proposer quelques solutions. 
Cette analyse tiendra compte également de la législation italienne en vigueur 
en matière de radioprotection, législation qui peut être considérée comme un 
exemple d'intégration dans la loi nationale des directives de la CEE de 1959. 

Les thèses avancées dans le présent travail reflètent exclusivement les 
opinions personnelles des auteurs et ne sont pas nécessairement celles des 
organismes dont ils sont les employés. 

2. CONSIDERATIONS GENERALES CONCERNANT LES TACHES ET 
RESPONSABILITES 

Les recommandations qui font l'objet de la Publication n°26 de la CIPR 
traitent des responsabilités en matière de radioprotection des travailleurs aux 
paragraphes 139 et 160. Le paragraphe 139, qui a trait aux expositions les plus 
variées, prévoit ce qui suit1 : «Responsibilities for achieving appropriate radiation 
protection fall on the employers, the statutory competent authorities, the 
manufacturers and the users of products giving rise to radiation exposure and, 
in some cases, the exposed persons. The management of an institution must 
provide all the necessary facilities for the safe conduct of the operations under 
its control. In particular, it should designate persons with special duties for 
protection such as members of radiation protection teams.} 

Le paragraphe 160 précise, à propos des expositions professionnelles, que: 
{The main responsibility for the protection of workers rests with the normal 
chain of management in an institution possessing any radiation source that causes 
exposure of workers. It is necessary to identify technically competent persons 
to provide advice on all relevant aspects of radiation protection, both inside and 
outside the institution, and to provide such technical services as are needed in 
the application of the appropriate recommendation for radiation protection.> 

En définitive on identifie tous les responsables possibles mais la répartition 
des tâches et responsabilités pour l'application pratique des mesures prévues par 
les recommandations n'est abordée que dans ses grandes lignes. Ceci est une 
caractéristique générale des recommandations de la CIPR comme des autres 

1 II n'existe pas de version française officielle. 
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normes supranationales. En effet ces formulations doivent avoir une flexibilité 
suffisante pour s'adapter aux différentes réalités nationales. 

Une autre caractéristique des recommandations ou normes supranationales: 
elles sont toutes formulées principalement pour les institutions qui possèdent 
des sources radioactives importantes, dont les principes de gestion sont bien 
établis et dont les employés n'exercent pas d'autres activités professionnelles 
pouvant conduire à une exposition aux rayonnements. Cette vision, clairement 
influencée par la réalité des centres nucléaires, est quelquefois trop schématique 
en regard de la complexité des cas que l'on rencontre dans la pratiqué de la 
radioprotection, ce qui explique les grandes difficultés d'interprétation et 
d'application auxquelles on se heurte. : 

3. CLASSIFICATION AUX FINS DE LA RADIOPROTECTION 

Une première opération de nature technico-administrative suggérée dans 
les recommandations de la CIPR est la classification des conditions de travail, et 
éventuellement de chaque travailleur. Cette opération a des conséquences notables 
pour la protection des travailleurs exposés. 

Le concept de classification aux fins de la radioprotection, introduit par la 
CIPR dans ses recommandations en 1958 (Publication n° 1), a été repris dans 
toutes les normes supranationales dont il a été question plus haut (normes de 
l'AIEA, directives de la CEE, etc.) et, en général, dans les différentes législations 
nationales, qui ont adopté des types de classification qui correspondent dans une 
grande mesure à ceux suggérés par la CIPR dans ses formulations successives. 

Les dernières recommandations de la CIPR (Publication n°26 de 1977) font 
une distinction entre deux types de conditions de travail (dites conditions A et B), 
selon que le seuil de trois dixièmes des limites d'équivalent de dose pour les 
travailleurs exposés est susceptible d'être dépassé ou non. Il faut souligner le fait 
que suivant les recommandations de la CIPR le contrôle physique individuel et 
la surveillance médicale individuelle ne sont requis que pour les personnes qui 
travaillent dans les conditions A. Pour les travailleurs se trouvant dans les 
conditions В le contrôle individuel n'est pas nécessaire, bien que quelquefois on 
puisse le considérer comme le moyen de confirmer qu'une situation est satisfaisante. 

Toujours selon les recommandations de la Publication n°26: 
— l'application pratique du système de classification des conditions de travail 

peut être grandement facilitée par l'introduction d'un système correspondant 
de classification des lieux de travail; 

— il est usuel de classifier chaque travailleur pour simplifier l'organisation de la 
surveillance médicale et le contrôle physique individuel. 

En résumé, les recommandations de la CIPR prévoient donc une classification 
des conditions de travail, qui peut se traduire dans la pratique par une classifica-
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tion de chaque travailleur établie en tenant compte du lieu et du type de travail 
et éventuellement du temps consacré à ce dernier. 

On constate que, comme nous l'avons souligné plus haut, ni les recommanda-
tions de la CIPR ni les normes supranationales n'indiquent à qui revient la 
responsabilité de la classification. Cette tâche, qui semble donc tomber sous la 
responsabilité de l'administration de l'institution, est généralement confiée aux 
experts chargés du contrôle physique de protection (Y expert qualifié des directives 
de la CEE). Vexpert qualifié est en fait la personne la plus capable de déterminer 
s'il est possible qu'un travailleur donné reçoive des doses supérieures à des 
niveaux fixés préalablement. Cette tendance semble très recommandable, surtout 
compte tenu du fait que les recommandations les plus récentes de la CIPR t 

(Publications n°s 9 et 26) prévoient une classification fondée sur des évaluations 
de risque. 

Ainsi il est clair que les règles suggérées dans les recommandations de la 
CIPR et rappelées dans les normes internationales sont bien aptes à garantir une 
protection adéquate des travailleurs qui exercent leur activité dans un seul 
établissement.2 Mais les mêmes standards de protection sont-ils garantis pour 
les travailleurs qui exercent leurs fonctions dans plusieurs établissements? 

Sur ce point, recommandations et normes internationales sont tout à fait 
muettes. Quant aux lois nationales des différents pays, elles ne semblent pas offrir 
de solutions satisfaisantes. Dans la situation actuelle il ne semble donc pas 
possible d'exclure pour ces personnes l'éventualité de classifications globalement 
incorrectes ou même de dépassements des limites de doses admises, et cela même 
si les mesures de radioprotection dans chaque établissement sont bien adaptées 
aux travaux que l'on y effectue. 

Un travailleur exerçant sa profession dans quatre établissements et dont les 
fonctions seraient classées dans la catégorie В dans chacun d'eux pourrait par 
exemple être exposé à un équivalent de dose de 15 mSv (1,5 rem) par année 
dans chaque établissement. Dans ce cas on aurait un dépassement des limites 
admises intéressant une personne qui pourrait n'être pas soumise au contrôle 
physique individuel et à la surveillance médicale. 

2 Pour simplifier l'exposé on utilisera dans la suite du texte les termes suivants: 
- Etablissement: chaque établissement industriel, laboratoire, installation, centre de recherche, 

hôpital, etc. où sont présentes des sources de rayonnement; 
- Employeur: personne physique ou juridique de qui les travailleurs dont il est question 

dépendent administrativement; 
- Administration (management): direction de l'établissement dans lequel les travailleurs sont 

soumis à une exposition, principale responsable de la radioprotection à l'intérieur de cet 
établissement; 

- Propriétaire: personne responsable des activités d'une certaine firme (propriétaire, 
président d'une société ou d'un organisme publique, etc.). 
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Nous tenterons plus loin d'identifier les principales catégories de personnes 
qui peuvent être appelées à exercer des activités comportant des risques radio-
logiques dans plusieurs lieux de travail. 

4. CRITERES RELATIFS AUX PERSONNES SOUMISES A DES RISQUES 
D'EXPOSITION DANS PLUSIEURS ETABLISSEMENTS 

On a vu qu'il n'est pas rare que des personnes soient exposées aux rayonne-
ments au cours de leurs activités dans plusieurs établissements. Ces personnes 
ont été groupées dans les trois grandes catégories suivantes, qui seront décrites 
en détail dans les paragraphes 4.1, 4.2 et 4.3: 
a) travailleurs qui exercent des activités comportant des risques radiologiques 

pour le compte d'un seul employeur, mais dans plusieurs établissements; 
b) travailleurs qui exercent plusieurs activités comportant des risques radio-

logiques pour leur propre compte ou pour le compte de plusieurs employeurs; 

c) employés d'entreprises exerçant des activités «conventionnelles} (c'est-à-dire 
qui n'entraînent pas normalement une exposition aux rayonnements) qui ne 
sont exposés que lorsqu'ils travaillent dans des établissements où se trouvent 
des sources de rayonnements et dont le propriétaire n'est pas l'employeur. 
Le problème principal est naturellement la mise au point, dans le cadre 

des normes existantes ou de normes revisées, des mécanismes normatifs aptes à 
assurer une radioprotection adéquate des personnes intéressées, surtout en ce 
qui concerne les limites de doses absorbées, la surveillance physique et médicale 
et l'archivage des données pertinentes. Une condition préliminaire pour atteindre 
ces objectifs est l'établissement d'une classification aux fins de la radioprotection, 
portant sur l'ensemble des activités. Il faudra en outre que l'application pratique 
des mesures proposées soit assez facile. 

4.1. Travailleurs de la catégorie a) 

Dans cette catégorie on trouve, par exemple, les employés d'entreprises 
spécialisées dans le domaine nucléaire ou dans d'autres domaines impliquant 
par leur nature des risques d'irradiation (emploi des radioisotopes, travail 
auprès d'accélérateurs ou d'autres machines génératrices de rayonnements, 
contrôles non destructifs, etc.) et les scientifiques qui sont appelés à participer 
à des expériences dans différents laboratoires de recherche. 

Un premier cas est celui des employés qui fréquentent plusieurs établisse-
ments, tous gérés par leur propre employeur. Dans ce cas la responsabilité de 
la radioprotection revient naturellement à l'employeur, qui doit coordonner 
toutes les activités touchant à la radioprotection dans les différents établisse-
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ments pour garantir des mesures globales de radioprotection correctes à partir 
d'une classification d'ensemble appropriée. 

Plus délicat est le cas des travailleurs qui, toujours pour le compte d'un 
seul employeur, fréquentent des établissements gérés par des personnes 
juridiques autres que l'employeur. Il est clair que parmi ces travailleurs peuvent 
se trouver quelques-unes des personnes potentiellement exposées aux plus grands 
risques d'irradiation. Ces personnes, qui sont à l'heure actuelle totalement négligées 
par les recommandations de la CIPR et par les normes internationales, devraient faire 
l'objet d'une attention particulière au moment où seront rédigées de nouvelles 
normes, étant donné surtout qu'elles exercent souvent leurs activités dans plusieurs 
pays différents. 

De toute façon, puisque ces activités entraînent de par leur nature une 
exposition aux rayonnements il semble indubitable que c'est à l'employeur qu'il 
incombe de gérer les aspects globaux de la radioprotection de ses employés. En 
particulier, il devra désigner les personnes ou les services chargés de la radio-
protection.3 Il est clair toutefois que les services de radioprotection tant de 
l'employeur que des établissements hôtes devront participer à une telle action. 
Ainsi s'impose donc la nécessité d'une action coordonnée de deux services pour 
assurer: 

1) l'observation des limites de dose pour les travailleurs exposés; 

2) une classification globale correcte des travailleurs impliqués; 
3) un contrôle physique et une surveillance médicale conformes à cette 

classification; 
4) l'évaluation des doses globalement reçues par les travailleurs au cours de 

leurs activités dans tous les établissements; 
5) le recueil et l'archivage des données physiques et médicales relatives aux 

points précédents. 
Du point de vue des auteurs, la subdivision des tâches et responsabilités la 

plus correcte et la plus fonctionnelle dans le cas en question est la suivante: 
— Le service de radioprotection de l'établissement où a lieu l'exposition évalue 

préalablement l'importance du risque radiologique et en fait part au service de 
radioprotection de l'employeur, en indiquant la classification minimale demandée 
pour- de telles activités. 

— Le service de radioprotection de l'employeur procède à la classification globale 
(ou se limite à constater la validité de celle déjà effectuée) et soumet les 
intéressés à la surveillance médicale nécessaire. 

— Le non-dépassement des limites maximales de dose doit être garanti par un 
accord conclu entre l'employeur et l'administration de l'établissement hôte et 

3 Dans la suite du texte on désignera par le terme services de radioprotection les 
personnes chargées de la surveillance physique et médicale ainsi que de l'organisation des 
archives correspondantes. 
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fixant les valeurs maximales des doses auxquelles les travailleurs intéressés 
peuvent être exposés pendant la durée de leurs activités dans l'établissement. 
En l'absence de tels accords on ne doit pas dépasser, dans chaque établissement, 
une fraction des limites annuelles d'équivalent de dose égale à t/365, où t est la 
période en jours consacrée aux activités en question. 

- Pour les travailleurs se trouvant dans cette situation il convient que le contrôle 
physique individuel ait toujours lieu. 

— La surveillance physique rendue nécessaire par la nature des activités exercées 
dans un établissement est la tâche des services de radioprotection de l'établisse-
ment; les résultats sont transmis à l'employeur pour l'évaluation des doses totales. 

Il n'est pas possible de déduire cette solution directement des recommandations 
de la CIPR ni des normes actuelles de l'AIEA, qui prévoient explicitement le cas 
d'un établissement seulement; mais cette solution peut certainement être con-
sidérée comme conforme à ces normes. On constate qu'elle est parfaitement 
compatible avec les directives de la CEE, qui se limitent à énumérer des mesures 
techniques et administratives. 

Notons qu'en Italie ces cas ne sont pas explicitement réglementés4 et la 
solution des problèmes de radioprotection connexes est laissée à l'initiative des 
employeurs et des experts qualifiés. La solution présentée ici est conforme à 
celle adoptée par l'INFN (Institut national de physique nucléaire) il y a quelques 
années déjà. 

On a supposé jusqu'ici que les opérations se déroulent toujours conformément 
aux directives de la direction de l'établissement hôte et sous sa responsabilité; 
Cette hypothèse est-elle encore valable? 

En réalité le développement des activités comportant des risques radio-
logiques est tel que l'on ne peut pas exclure que des opérations soient effectuées 
dans un certain établissement par des employés d'une firme extérieure et sous 
la direction et la responsabilité du propriétaire de cette firme. C'est le cas, par 
exemple, des travaux de manutention, installation ou réparation exécutés par 
des firmes spécialisées dans le domaine nucléaire (ou plus simplement par des 
fabricants ou des fournisseurs d'appareils générateurs de rayonnements ou 
d'instruments renfermant des substances radioactives) dans des établissements 
où les risques radiologiques sont très limités dans les conditions de travail 
normales. 

4 Les catégories particulières de «travailleurs indépendants ou d'entreprises extérieures» 
prévues par la loi italienne, qui fixe pour elles des normes simplifiées distinctes, sont en fait 
constituées par le personnel qui n'est pas spécialisé dans des domaines d'activité impliquant, 
de par leur nature, des risques d'irradiation. Le contraire aurait pour conséquence absurde de 
soumettre à des normes simplifiées, et partant potentiellement moins efficaces, des catégories 
de travailleurs soumis quelquefois à des risques d'exposition particulièrement importants. 
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Dans de tels cas, d'un point de vue technique il semble judicieux que la 
responsabilité primaire de la radioprotection incombe au propriétaire de la 
maison extérieure et à ses services de radioprotection, les services éventuellement 
disponibles de l'établissement apportant leur assistance sur place. En d'autres 
termes on devrait laisser à l'employeur des travailleurs intéressés et à l'administration 
de l'établissement le soin de s'accorder quant à l'attribution de la responsabilité 
de la radioprotection pendant les opérations spéciales exécutées sous le contrôle 
du premier. Une telle façon de procéder ne semble pas en désaccord, pour les 
motifs déjà évoqués, avec les directives de la CEE, ni avec les recommandations 
de la CIPR, du moins si l'on tient compte de la deuxième partie du paragraphe 139 de 
la publication n°26, qui précise que: <The management of an institution must 

provide all the necessary facility for the safe conduct of the operations under its 

control. In particular it should designate persons with special duties for 

protection...» 

En revanche, cette procédure ne s'harmonise pas avec les normes actuelles 
de l'AIEA et la loi italienne, qui, implicitement, se réfèrent au cas d'un établisse-
ment dont le propriétaire est aussi l'employeur des travailleurs exposés. 

4.2. Travailleurs de la catégorie b) 

Cette catégorie comprend tous ceux qui, comme travailleurs indépendants 
ou pour le compte de plusieurs employeurs, exercent plusieurs activités impliquant 
un risque radiologique. Peuvent appartenir à cette catégorie toutes les personnes 
qui ont plusieurs contrats de travail à temps partiel. Un cas spécial et assez 
délicat est celui des praticiens comme les médecins nucléaires ou les radiologistes 
qui exercent parfois leurs activités professionnelles tant comme employés dans 
les hôpitaux ou d'autres installations sanitaires qu'à titre privé dans leur propre 
cabinet. On doit en effet considérer que dans leur activité privée les praticiens 
sont à la fois leur propre employé et leur propre employeur. 

Sans doute, au moins du point de vue de la radioprotection, les normes 
fixées par les recommandations de la CIPR doivent être respectées dans ces 
situations également. On doit donc étudier des mécanismes qui permettent de 
remplir les cinq conditions énumérées dans le précédent paragraphe pour des 
travailleurs qui sont au service d'un seul employeur, ce qui n'est possible qu'en 
fixant des limites sévères. 

L'obstacle principal que l'on rencontre dans la réglementation de ces situations 
est celui de leur grande diversité et de la difficulté que présente la définition d'une 
personne ou d'une institution qui puissent être chargées de la responsabilité de la 
radioprotection globale des personnes intéressées. En outre, ces problèmes peuvent 
se présenter sous des formes très différentes selon la législation du travail en vigueur 
dans les différents pays. Les contrats de travail à temps partiel, ou l'exercice 
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simultané d'une activité comme employé et d'une activité comme libre praticien, 
peuvent en effet être, dans certains pays, sujets à de nombreuses limitations. 

Etant donné ces difficultés, les auteurs pensent qu'il ne devrait pas être permis, 
en principe, d'exercer simultanément plusieurs activités comportant des risques 
d'exposition à des niveaux supérieurs à ceux prévus pour les individus de la 
population, sauf dans les cas où de telles activités sont explicitement réglementées 
de façon à assurer que les normes de la CIPR sont observées pour l'ensemble des 
activités, cela s'appliquant aussi bien à la situation des salariés qu'aux professions 
libérales. 

Les mécanismes normatifs susceptibles de garantir que ces conditions sont 
remplies devraient naturellement être étudiés dans le contexte des différentes 
lois nationales, de façon à tenir compte des situations particulières en matière 
de normes de travail. On peut citer par exemple: 

— l'utilisation de documents sanitaires spéciaux pour les travailleurs professionnelle-
ment exposés aux rayonnements; 

— l'obligation pour le travailleur de déclarer d'éventuelles autres activités 
comportant des risques radiologiques, et pour l'employeur de respecter les 
incompatibilités entre un travail et un autre.5 

Une fois établis des mécanismes normatifs de ce type ou d'un autre on 
pourrait autoriser l'exercice de plusieurs activités comportant des risques radio-
logiques, mais seulement dans les cas où chacun des responsables des différentes 
activités serait tenu de ne pas dépasser les niveaux de dose fixés pour garantir le 
respect des limites globales. Dans cette éventualité, le contrôle physique individuel 
serait nécessaire pour toutes les activités. 

Quoique des solutions de ce type soient en principe possibles, il semble 
malaisé d'éviter quelques complications tenant surtout au fait qu'il est difficile 
de désigner la personne ou l'institution responsable de la radioprotection globale 
et par conséquent chargée d'une action de coordination analogue à celle suggérée 
au paragraphe précédent pour l'employeur. Cette tâche ne devrait, pour des 
motifs évidents, être confiée aux personnes intéressées. 

4.3. Travailleurs de la catégorie c) 

Cette catégorie comprend essentiellement les travailleurs d'entreprises 
spécialisées dans des activités conventionnelles mais qui sont appelées exécuter 
diverses tâches dans un ou plusieurs établissements où se trouvent des sources de 
rayonnements. Dans ce cas également, les recommandations de la CIPR comme 
les directives de la CEE énumèrent les mesures à prendre sans spécifier qui doit 
s'en charger. 

s Rappelons que l'introduction de la déclaration obligatoire des activités comportant 

un risque radiologique est déjà prévue, du moins en Italie, pour les femmes enceintes dès 

qu'elles constatent leur grossesse. 
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On doit à ce propos relever le fait que ces entreprises ont rarement l'infra-

structure et les compétences qui leur permettraient d'entretenir des services de 

radioprotection, et qu'elles n'exercent pas ces activités avec une continuité qui 

puisse en justifier la création. Habituellement la radioprotection est assurée par les 

services de protection de l'établissement hôte. Cette pratique est du reste conforme 

aux recommandations de la CIPR. Toutefois on n'a pas de garantie sur la 

protection globale de ces travailleurs pendant toute la durée de leurs activités 

hors de chaque établissement hôte. 

On pourrait à la limite supposer que des travailleurs se trouvant dans une 

telle situation pourraient être exposés à des doses supérieures aux doses admises, 

même si ces doses ne sont pas dépassées dans chacun des établissements. De 

même il pourrait arriver que ces travailleurs soient exposés à des doses annuelles 

supérieures à 15 mSv (1,5 rem) sans être soumis au contrôle physique ni à la 

surveillance médicale. 

Une tentative de réglementation peut être relevée dans la législation italienne 

actuellement en vigueur, qui réserve une classification à part aux {travailleurs 

indépendants ou d'entreprises extérieures). Pour ces travailleurs on a prévu 

d'imposer des obligations particulières au propriétaire et aux responsables de la 

direction et de la gestion de l'établissement ainsi qu'à tous ceux qui contrôlent 

leurs activités. Ces obligations sont les suivantes: 

— information du personnel quant aux risques liés aux activités en présence de 

sources de rayonnements; 

— communication aux intéressés des doses reçues; 

— fourniture des moyens de protection et contrôle de leur utilisation; 

— surveillance physique; 

— interdiction d'engager les travailleurs en question dans des activités qui les 

exposent au risque de recevoir des doses supérieures à des limites correspondant 

d'une façon générale à celles fixées dans les directives de la CEE de 1958 pour 

les groupes particuliers 1 et 2 ( 1 5 mSv/année pour l'irradiation globale et 

uniforme du corps entier). 

Cette approche n'a pas résolu complètement les problèmes évoqués et a, 

au cours des années, donné lieu à de grosses difficultés d'interprétation et 

d'application, sans en fait garantir une meilleure protection des travailleurs 

intéressés. Il est donc probable et souhaitable que l'on abandonne cette 

orientation, qui d'autre part n'est pas complètement en accord avec les 

recommandations de la CIPR. 

Le problème de la mise au point de mécanismes normatifs aptes à garantir 

des standards de protection appropriés pour ces travailleurs doit être considéré 

comme non résolu. Une solution satisfaisante ne peut que prévoir une certaine 

responsabilité de l'employeur. Cette responsabilité pourrait varier selon la 

fréquence des activités comportant un risque radiologique et le nombre d'établisse-

ments fréquentés par les travailleurs en question. Dans le cas des travailleurs 
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exposés au cours d'activités exercées dans un seul établissement, la solution la 
plus logique et techniquement satisfaisante est sans doute de confier la protection 
aux services de radioprotection de l'établissement hôte. La tâche de l'employeur 
pourrait être réduite à l'archivage des données dosimétriques et sanitaires de ses 
propres employés. Dans tous les autres domaines ces travailleurs seraient assimilés 
aux employés de l'établissement. 

Si au contraire les employés d'une entreprise sont exposés aux rayonnements 
au cours d'activités exercées dans plusieurs centres, il semble inévitable que la 
responsabilité de l'employeur dans le domaine de la radioprotection doive 
augmenter. Une solution de compromis, n'exigeant pas de l'employeur la création 
de véritables services de radioprotection (cet employeur, rappelons-le, ne travaille 
habituellement pas dans le domaine nucléaire ou en tout cas pas dans des domaines 
d'activité impliquant des risques d'irradiation), pourrait être la suivante: 

— la classification aux fins de la radioprotection serait effectuée par l'employeur, 
en consultation avec les services de radioprotection des établissements hôtes; 

— les travailleurs se trouvant dans cette situation seraient considérés soit comme 
des individus de la population, soit comme des travailleurs exposés de la 
catégorie A (mais non de la catégorie B); 

— le contrôle physique individuel serait effectué par les services de radioprotection 
des établissements hôtes; 

— la surveillance médicale serait assurée par l'employeur, qui utiliserait aussi les 
services de radioprotection de l'un des établissements hôtes mais toujours de 
façon à assurer la continuité et l'homogénéité de la surveillance; 

— l'employeur procéderait à l'évaluation des doses globalement reçues par ses 
propres employés et à l'archivage de la documentation relative aux points 
précédents; 

— la direction de chacun des établissements hôtes garantirait que les doses reçues 
par les travailleurs en question ne dépassent pas des valeurs fixées préalable-
ment, par exemple une fraction des limites annuelles égale à t /365, où t est 

le nombre de jours passés dans l'établissement. 
Lorsque les limites de dose proposées ci-dessus ne pourront pas être 

respectées, il semblera justifié d'exiger que l'employeur constitue ses propres 
services de radioprotection; il se retrouvera donc dans la situation décrite au 
paragraphe 4.1. 
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Abstract 

IMPLEMENTATION OF ICRP-26 RECOMMENDATIONS IN ISRAEL. 
The Health Authorities in Israel have adopted the recent ICRP recommendations in 

principle. The implementation of the new recommendations has, however, met with 
practical difficulties. These difficulties and some of the changes introduced in the working 
routine of the Israel Personal Dosimetry Service as a consequence of the new recommendations 
are described. 

1. INTRODUCTION 

A new version of the Recommendations of the International Commission on 
Radiological Protection (ICRP-26) was published in 1977 [1 ]. This issue supersedes 
the Commission's basic recommendations ICRP-9 [2] issued in 1966. There are 
three main differences between the new recommendations and those adopted 
in 1966: 

(a) the magnitude of the carcinogenic 'risk' as a function of the radiation dose 
to the whole body and to specific body organs, and the dose equivalent limits 
(formerly the maximum permissible dose equivalents) are different. 

(b) the new recommendations reflect a change in the philosophy of radiation 
protection. A practical consequence is the cancellation of the concept of 
'Maximal Permissible Dose' and its replacement by the new concept 'Dose Limitation'. 

(c) the introduction of a new quantity 'Effective Dose Equivalent', which is 
related to the total detriment to health from stochastic effects following non-
uniform irradiation of different organs simultaneously. 

The health authorities in Israel have adopted the new recommendations in 
principle and taken measures for their practical application. These measures and 
the difficulties encountered in the actual use of the new recommendations are 
described below. 
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2. APPLICATION OF THE NEW RECOMMENDATIONS 

Since the new version of the ICRP recommendations was published, the 
Israel Personal Dosimetry Service has been guiding its customers to ensure that 
the average annual effective dose equivalent to all exposed workers falls well 
below the limit of 50 mSv (5 rem). Warnings are sent to workers who are exposed 
to more than about one third o f the recommended limit, i.e. above 1.5 mSv 
( 1 5 0 mrem)/month. This new limit satisfies the condition that during a period 
of three months the effective dose equivalent will not exceed one tenth of the 
annual limit. Before the publication of ICRP-26, warnings were sent for monthly 
exposures above 4 0 0 mrem. Warnings are now also sent to places of work where 
the annual dose equivalent averaged over all their workers is greater than 5 mSv 
( 5 0 0 mrem). A survey undertaken by us showed that there are only a few 
facilities where the average annual dose equivalent exceeeds 5 mSv. Due to the 
reduction in the monthly warning limit from 4 0 0 mrem to 150 mrem, the number 
of warnings increased from 0.1 % to 0.4% of all monitored workers. 

The Israel Personal Dosimetry Service adopted the weighting factors for 
the body organs recommended by ICRP-26. Prior to this publication doses were 
measured and recorded separately for the whole body, hands, feet , head and 
skin. Beginning in mid-1979 we intended to register, in addition to the individual 
doses to the above organs, the effective dose equivalent D calculated by 

Ë^EojjDi 

where coj is the weighting factor for the i t h organ. Our intention was to use a 
weighting factor of 0 .06 for the hands, feet, head and skin (regarding them as 
one of the 'remaining' organs). However, in light of clarifications issued by the 
ICRP [3] following its Stockhom meeting (June 1978) , we probably will not 
include the doses to these organs in the effective dose equivalent and will use 
these measurements to serve as an indication o f the non-stochastic risk only. 

3. ADMINISTRATIVE MEASURES 

The Israel Atomic Energy Commission has issued directions to its nuclear 
centres requiring them to limit planned exposures to radiation workers to an 
annual average o f 10 mSv (1 rem). The Ministry of Health is now requiring 
from its licensees (radioisotope and nuclear medicine laboratories) that planned 
exposures to individual radiation workers be restricted to 5 mSv (0.5 rem) a year. 
For higher planned exposures optimization and justification procedures are demanded. 
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4. THEORETICAL AND PRACTICAL DIFFICULTIES 

The main difficulty encountered in the implementation of the new 
recommendations is the need to justify any radiation exposure to a worker, no 
matter how low this exposure may be. This implies that the introduction of a 
new radiation practice or a new radiation facility or even the introduction of a 
change in a practice shall be subjected to the procedures of justification and 
optimization. To do this a monetary (or other) value has to be assigned to the 
health detriment involved in the operation, a task which is very difficult to 
accomplish since psychological, sociological and even religious considerations 
are involved. 

Among other practical difficulties and questions raised by radiation workers 
in Israel, the following are the most pressing. 

( 1 ) What is the best way to correlate the reading of personal dose meters with 
the effective dose equivalent as defined in Eq.( l ) above? 

(2) How should workers and working conditions be classified? Is the classification 
to groups A and В as suggested in ICRP-26 a practical one? 

(3) Is the requirement that 'the mean dose to radiation workers not exceed one 
tenth of the annual limit' a must or a recommendation? 
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DISCUSSION 

on papers SR-36/18 and SR-36/27 

D. PLATTHAUS: In the Federal Republic of Germany, we have found a 
solution to the problem of transferring responsibility for radiation protection 
when workers are sent into a different radiation-control area. The company 
initiating the transfer of the worker must have a permit issued by the authorities. 
This permit requires a contract to have been drawn up between the two establish-
ments concerned. The first company must ensure that the worker has a basic 
knowledge of radiation protection procedures and the new employer must give 
detailed local instructions. 

We also have another means of monitoring the exposure of workers. This 
takes the form of a special "radiation passport" which is registered with the 
Federal Ministry of the Interior. 

F. LUCCI: I think that this idea is in many ways similar to what we are 
suggesting for workers in category a. All the same, I do not believe that a radiation 
passport is a complete solution to the problem of limiting the doses of the 
workers unless preliminary agreement is reached about the maximum doses which 
can be received in each establishment. Similar problems arise with the other two 
categories of workers that we have studied. 

D. BENINSON (Chairman): I would like to comment to Dr. Schlesinger 
that the situation is not quite so indeterminate as he suggested in his paper. 
The point is that it is the duty of the competent authority to set authorized 
limits (based on optimization and other considerations); the operator has merely 
to respect these limits. 

G. PAIC: I would like to speak in favour of setting limits in the optimization 
procedure in radiation protection. As suggested in ICRP-27, we shall probably be 
faced with widely different protection practices throughout the world. In my 
opinion, the limitation could be introduced by splitting the detriment into health 
and social parts. The health detriment should be treated on an equal footing 
in all countries, thus ensuring world-wide minimum standards for equipment 
(e.g. nuclear plants and radiological apparatus). The social part of the detriment 
could be left to individual governments to evaluate. 

Achieving a unified approach to protection requirements is not a simple 
task but it is one which is very important for developing countries, which have 
little experience and often no relevant legislation. These countries do, however, 
use imported radiation-producing equipment. To standardize the value of the 
man rem is probably not a good idea because the cost of protection equipment 
varies as a result of differences in transport charges, custom duties and so on. 
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I therefore urge that limits on the dose equivalent below those currently 
existing should be set to demonstrate more obvious adherence to the 
ALARA principle. 

D. BENINSON (Chairman): The ICRP recommendations are for the national 
authorities which establish regulations, not for the radiation safety officer in 
a given practice. In the situation you describe for certain developing countries, 
the most important step would be to set up the. administrative mechanisms required. 

H.P. JAMMET: ICRP-26 took several years to produce. It needs to be 
backed up by further publications, in particular those from Committee 4 dealing 
with applications, and also to be translated by the four relevant organizations 
(IAEA, WHO, ILO, NEA) into more practical documents. 

V.K. GUPTA: I hope that Committee 4, in preparing documents dealing 
with the application of the ICRP-26 recommendations, will consider the question 
of optimization under conditions where the technology involved has to be imported. 

H. BRUNNER: Some countries seem to expect a solution to their problems 
in the form of international recommendations for a standardized value of the 
man-rem. That is an illusion. No country can be relieved of the responsibility 
of making its own decisions. The practical optimization problems presented at 
this Seminar have shown that the final decision is influenced more by political 
or labour considerations than by purely protection parameters. 

I think it is a dangerous trend to ask for the average dose of one tenth of 
the limit to be introduced into legislation. This step would not improve radiation 
protection in any way; it would only increase "red tape" and open the door to 
such statistical tricks as designating more workers as "Class A" in order to dilute 
the average. We should therefore beware of statistical quantities as limits. They 
should at most be used as "action levels". If there are real "high-dose" problems 
for any group of workers, then authorized limits should be used for that 
particular case in order to enforce an improvement. 

Yu.V. SIVINTSEV: I believe that ICRP should not try to avoid (in the new 
recommendations of Committee 4, for example) setting quantitative limits for 
optimization of radiation protection. If a particular method is recommended, then 
the limits of its applicability should also be stated at the same time. There is 
of course no sense in carrying out optimization when the annual dose is of the 
order of a few millirems. Dr. Schlesinger^ suggestion that optimization should 
only be used for doses above 0.5 rem per year seems to me to be a good 
practical recipe. 
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Abstract-Résumé 

APPLICATION OF THE ICRP RECOMMENDATIONS IN MEDICAL RADIATION 

PRACTICE A N D IN MEDICAL MONITORING OF WORKERS. 

Medical exposure in connection with an existing or suspected illness may be made 

subject to the ICRP principles, but it must be realized that the dose limitation system cannot 

necessarily be applied when the individual at risk is the one benefiting from examination or 

treatment. Justification is the responsibility of the doctor prescribing the examination or 

treatment and/or of the person carrying it out. Optimization will be'achieved by virtue of 

the rules imposed on doctors and by the requirements applicable to equipment and techniques. 

The same rules and requirements apply mutatis mutandis to check-ups, routine medical 

examinations, examinations for professional purposes, medico-legal examinations and medical 

research. In the last case ethical rules and criteria for the validity of the proposed research 

also need to be applied. Medical monitoring of workers must take the ICRP principles into 

account, but a qualified doctor should nevertheless be able to form his own judgement on 

the basis of his knowledge of different types of exposure (both to radiation and to other 

agents), to intervene in cases of accidental or planned exposure, and to gather data in order 

to evaluate the long-term effects and the consequences of occupational exposure in terms of 

doses to the public. Moreover, the doctor should inform the worker of his conclusions and 

recommendations. 

MISE EN Œ U V R E DES RECOMMANDATIONS DE LA CIPR DANS LES APPLICATIONS 

MEDICALES DES RAYONNEMENTS ET DANS LA SURVEILLANCE MEDICALE DES 

TRAVAILLEURS. 

L'exposition médicale en relation avec une maladie existante ou soupçonnéeрем? être 

soumise aux principes de la CIPR avec la réserve formelle que le système de limitation des 

doses ne peut s'appliquer, l'individu exposé aux risques étant le même que celui qui bénéficie 

de l'examen ou du traitement. La justification est de la responsabilité du médecin qui prescrit 

l'examen ou le traitement et /ou de celui qui les met en oeuvre. L'optimisation sera assurée 

par les règles imposées aux médecins précités et les exigences fixées pour le matériel et les 

techniques. Les mêmes principes s'appliquent mutatis mutandis aux examens de dépistage 

et de contrôle sanitaire, aux examens à des fins professionnelles, aux examens médico-légaux 
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ainsi qu'à la recherche médicale. Dans ce dernier cas interviennent également les règles 
d'éthique et la validité des recherches projetées. La surveillance médicale des travailleurs 
doit tenir compte des principes de la CIPR mais doit donner au médecin qualifié les possi-
bilités de porter son jugement en pleine connaissance des divers types d'exposition, radio-
logique ou non, d'intervenir dans les cas d'expositions accidentelles ou concertées et de 
recueillir les données pour évaluer les effets à long terme et les répercussions des expositions 
professionnelles sur les doses à la population. En outre, le médecin doit avertir le travailleur 
de ses conclusions et lui transmettre ses recommandations. 

1. .INTRODUCTION 

1.1 Le séminaire actuel a pour but d'échanger les vues des 

participants sur la mise en oeuvre des nouvelles recommandations 

de la Commission Internationale de Protection Radiologique, 

d'identifier les domaines où des problèmes d'application se posent 

ou risquent de se poser et de réclamer les interprétations voire 

les améliorations éventuellement nécessaires. Dans une deuxième 

étape de réflexions, la plus importante à notre avis, les partici-

pants ont le devoir d'exprimer leurs suggestions en ce qui concerne 

les aspects pratiques de la radioprotection applicables aux per-

sonnes professionnellement exposées, aux membres du public, aux 

populations et leurs appropriations à la philosophie élaborée 

par la CIPR, en tenant en particulier compte de l'essai de tra-

duction sous forme normative dans les propositions actuelles faites 

concomitamment par l'AIEA, l'OMS, l'AEN et l'OIT. 

Il est donc important que les participants ne considèrent pas 

comme règle légale ce qui est un système de principes et une 

philosophie de base et qu'ils sachent par ailleurs que les propo-

sitions des quatre organisations internationales restent des pro-

jets : toutes les critiques sont donc infiniment précieuses pour 

ceux qui doivent traduire la "Bible" en actes et en tirer des 

règles fondamentales légalement applicables. 

1.2. Nous rappellerons une fois de plus les principes de base du 

système de limitation des doses de la CIPR : 

a) aucune application ne sera acceptée si elle n'apporte pas un 

bénéfice positif évident; 

b) toutes les expositions seront maintenues au niveau le plus bas 

raisonnablement réalisable; 

c) l'équivalent de dose pour les individus n'excédera pas les limi-

tes recommandées pour les circonstances appropriées par la CIPR. 
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1.3. Personnellement nous restons préoccupé à l'égard de cette 

philosophie parce que sa sévérité principielle pourrait parfois 

s'accompagner d'une souplesse d'interprétation préoccupante et par-

ce que l'introduction de la notion d'optimisation de la protec-

tion (1) dans la réglementation reste un problème délicat. Notre 

exposé toutefois considère comme acceptés les principes exprimés 

par la CIPR et les admet comme une approche rationnelle dans les. 

limites de laquelle il est possible de mettre en oeuvre et d'utiliser 

les rayonnements ionisants. Et cela en s'assurant que les risques 

découlant de l'adoption d'une pratique donnée se justifient et que 

le souci de protection est poussé aussi loin qu'il est raisonnable 

de le faire. 

1.4. Nous envisagerons successivement leur application aux usages 

médicaux des rayonnements et à la surveillance médicale des tra-

vailleurs. 

Les points de liaison entre les deux chapitres sont le fait 

que la surveillance médicale des travailleurs et en général des 

personnes professionnellement exposées peut, comme tous les exa-

mens d'aptitude, comporter des examens radiologiques et surtout le 

fait que les évaluations de doses et la récolte des observations 

jouent un rôle important dans l'évaluation des risques pour la 

population. 

2. RADIOEXPOSITION MEDICALE 

2.1. La radioexposition d'origine médicale comprend : 

1) les examens ou traitements en rapport direct avec une maladie 

existante ou soupçonnée; 

2) la recherche médicale; 

3) les examens systématiques de dépistage ou de contrôle sanitaire; 

4) les examens faisant partie dans la surveillance médicale des 
travailleurs; 

5) les examens médico-légaux ou aux fins d'assurance. 

(1) L'optimisation consiste à réduire la dose collective et, par 

conséquent, le détriment causé à la santé d'un individu et 

d'une population à une valeur telle que toute réduction supplé-

mentaire donne un résultat moindre que l'effort nécessaire à la 

réaliser. 
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2.2. L'exposition médicale peut être soumise aux principes énumé-

rés dans l'introduction avec la réserve que les limites d'équiva-

lents de dose ne peuvent être appliquées purement et simplement 

à une telle exposition. L'optimisation portera essentiellement sur 

la protection du patient, sur la comparaison des informations et 

traitements qui peuvent être obtenus par d'autres techniques avec 

les informations et possibilités thérapeutiques des rayonnements 

ionisants et sur la justification des indications dans chaque cas. 

Le système de la limitation des doses ne peut s'appliquer 

comme il peut être appliqué aux travailleurs et aux membres du 

public parce que dans chaque cas d'exposition individuelle l'indi-

vidu qui est exposé au risque est. le même individu qui bénéficie 

de l'examen ou du traitement. L'introduction de la notion de la 

limitation de dose ne s'impose pas parce que 1'optimisation et la 

justification doivent toujours s'exercer au mieux des intérêts 

de la' personne qui court le risque quelle que soit la dose. 

2.3. La justification de la décision de savoir s'il est admissible 

qu'un examen ou un traitement délivre une certaine dose à un pa-

tient est de la responsabilité soit du médecin qui réclame l'exa-

men ou le traitement, soit du praticien qui procède à l'examen ou 

au traitement. Dans les deux cas, il importe que la décison soit 

basée sur une évaluation correcte des indications de l'irradiation, 

sur une application des résultats escomptés et sur la manière dont 

les résultats peuvent influencer le diagnostic et le traitement 

subséquents du patient v 

2.4. L'optimisation de la protection sera assurée par des règles 

portant sur les techniques et le matériel utilisé et par des règles 

que doivent respecter le médecin responsable de la décision d'exa-

men et de traitement et le médecin qui pratique cet examen ou ce 

traitement. 

2.4-, 1. En ce qui concerne les techniques et le matériel, les 

actions viseront notamment à 

a) dans le cas du diagnostic, réduire les doses reçues par les tis-

sus et les organes de la partie du corps examinée au minimum 

compatible avec l'obtention des renseignements nécessaires; 

b) dans le cas du traitement, administrer à la région traitée la 

dose thérapeutique la plus susceptible d'avoir l'effet recherché; 

c) dans- les deux cas, limiter dans toute la mesure du possible 

la radioexposition inutile d'autres parties du corps; 
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d) faire en sorte que l'irradiation d'un patient d'un tiers par 

un autre soit exceptionnelle et en tous cas aussi réduite que 

possible (2) • 

2.4.2. En ce qui concerne le médecin, les principes à imposer se-

ront les suivants : 

a) le médecin doit s'assurer dans chaque cas que l'information 

recherchée ne se trouve pas déjà dans les résultats d'autres 

examens ou recherches antérieurs et qu'il n'est possible de 

l'obtenir à moindres risques et avec une validité égale par des 

méthodes non radiologiques; 

b) le médecin qui applique un traitement utilisant les radiations 

ionisantes doit s'assurer qu'il n'est pas possible d'obtenir 

des résultats aussi favorables et avec moins de risques par des 

méthodes non radiologiques; 

c) le médecin qui pratique une exploration radiologique chez une 

femme enceinte ou susceptible de 1'être doit tenir compte du 

risque non seulement pour la patiente mais aussi et surtout 

pour l'embryon et le foetus. 

2.5. Nous désirons toutefois insister sur le fait que le principe 

de l'optimisation doit être appliqué avec bon sens aux examens et 

traitements médicaux : c'est-à-dire qu'il faut, d'une part, tenir 

compte du détriment somatique ou génétique qui peut en résulter 

mais, d'autre part, éviter de renoncer à des examens ou traitements 

justifiés parce qu'on en surestime les inconvénients ou parce que 

l'appareillage dont on dispose, dans une région éloignée par exem-

ple, n'est pas le meilleur. 

2.6. Les principes que nous venons d'énoncer s'appliquent aux 

examens ou traitements en rapport avec une maladie. Mutatis mutan-

dis ils s'étendent à des aspects un peu particulier de l'exposi-

tion médicale à savoir la recherche médicale, les examens de dépis-

tage et de contrôle sanitaire, les examens à des fins profession-

nelles et les examens dits médico-légaux. 

Il est certain que dans ces cas le recours aux limites 

d'équivalents de doses est davantage justifiable dans l'applica-

tion du processus d'optimisation et que certaines restrictions 

complémentaires justifiées par d'autres raisons que l'exposition 

radiologique peuvent s'imposer. 

(2) Le document 26 de la CIPR ne prend pas ce cas en considération. 
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2.6.1. En ce qui concerne la recherche médicale, elle devra en 
premier lieu respecter les prescriptions de la convention d'Hel-
sinki. De plus de telles irradiations peuvent avoir ou ne pas avoir 
d'intérêt direct pour la personne irradiée : dans le premier cas, 
l'optimisation tiendra compte du fait que certains aboutissements 
peuvent être utiles à la personne irradiée; dans le second cas, le 
bénéfice éventuel dépasse l'individu et doit intéresser la commu-
nauté. Dans tous les cas, il faut que l'irradiation soit faite par 
des personnes dûment qualifiées et entraînées et après accord et 
sous la surveillance constante d'un groupe d'experts médicaux compé-
tents indépendants. 

Il faut en outre que soient respectés les règlements natio-
naux aussi bien sur le plan de la protection contre les dangers des 
radiations que sur le plan de l'éthique médicale. Enfin, les per-
sonnes subissant de tels examens devront être des volontaires 
jouissant de toutes leurs facultés et de leur libre décision et 
susceptibles de comprendre les risques éventuels. 

En tous cas, le détriment éventuel doit être acceptable 
sur le plan somatique et génétique et les conditions doivent être 
d'autant plus rigoureuses que les expositions sont plus importantes. 

Il est impossible de fixer des limites d'application géné-
rale mais il faut que chaque programme de recherche soit l'objet, 
cas par cas, d'une décision d'autorisation après l'établissement 
d'une balance détriment/avantage tenant compte de l'espoir raison-
nable d'aboutir à des conclusions scientifiques et que les réper-
cussions de telles recherches sur la limite de dose à la population 
soient évaluées et enregistrées. 

2.6.2. Sont à rapprocher, jusqu'à un certain point,de la recherche 
médicale, les examens radiologiques périodiques entrepris sans rap-
port direct au départ avec les cas cliniques individuels. Ils se 
justifient par les renseignements utiles qu'ils doivent pouvoir 
fournir sur certains individus (dépistage de tuberculoses mécon-
nues par exemple) ou sur certains groupes de la population (dépis-
tage de sources de contamination). Encore une fois, il faut respec-
ter les prescriptions générales précisées plus haut pour l'appareil-
lage et pour le médecin mais il faut, surtout en raison du nombre 
d'individus exposés et de la répartition des doses, faire une ba-
lance sévère des avantages, des détriments et des coûts sans oublier 
de considérer les autres approches techniques non radiologiques 
possibles. De plus, il faut se méfier pour de tels examens des 
systématisations automatiques et de leur répétition dans le temps : 
il importe que la balance soit régulièrement réévaluée en tenant 
compte aussi d'autres méthodes éventuelles de diagnostic. L'intro-
duction d'une limitation de doses pourrait dans ce cas être éven-
tuellement envisagée. 
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2.6.3. L'examen radiologique faisant partie de la surveillance 

médicale du travail a pour but de contrôler d'une part l'état de 

santé de l'individu et d'évaluer d'autre part son aptitude au tra-

vail. Nous y reviendrons plus loin mais il est certain qu'il doit 

respecter les principes que nous avons énumérés plus haut pour les 

examens des patients. 

On ne peut dans ce cas appliquer le système de limitations 

des doses en raison du bénéfice éventuel pour le travailleur ou 

pour son entourage mais il importe de respecter rigoureusement les 

principes énumérés pour les examens médicaux et d'imposer des règles 

pour éviter une répétition routinière inutile de ces examens. 

Par ailleurs, en principe, les raisons de cet examen et le bénéfice 

que 1'individu peut en tirer ne permettent pas de 1'intégrer dans 

le système de limitations des doses d'origine professionnelle. 

Enfin nous estimons que l'intérêt et la fréquence de tels examens 

doivent être réévalués dans le temps. 

2.6.4. Dans le cas particulier des examens effectués en vue 

d'obtenir des renseignements à des fins médico-légales ou pour éva-

luer l'état de santé du souscripteur ou du bénéficiaire d'une assu-

rance, il sera tenu compte essentiellement des avantages directs ou 

indirects pour la personne examinée : seront appliqués les princi-

pes généraux énumérés pour les examens médicaux. Nous estimons 

personnellement que les avantages des tiers et des assurances ne 

doivent pas en général entrer en ligne de compte. 

2.7. En conclusion de ce premier chapitre nous considérons que 

l'exposition aux rayonnements ionisants provenant des applications 

médicales peut être l'objet d'une philosophie d'optimisation mais 

il est en principe impossible d'y introduire la notion de limita-

tions de doses applicables aux autres expositions. 

Nous pensons personnellement qu'il serait souhaitable d'en-

visager des limitations notamment en fonction des risques génétiques 

non seulement pour éviter de voir augmenter les expositions médi-

cales mais aussi pour pousser à améliorer les conditions*ďexposi-
tion, à revoir les raisons de ces expositions, à évaluer leur inté-
rêt pour l'individu considéré et pour la population envisagée et à 

considérer les alternatives éventuelles avantageuses. 

A titre de remarque incidente, nous voudrions attirer l'atten-

tion sur le fait que la recherche d'alternatives devrait davantage 

être poussée en ce qui concerne les applications non médicales des 

rayonnements et les avantages et désavantages mis en parallèle. 

Dans un même ordre d'idées nous pensons que doivent être 

davantage prises en considération les expositions à certains agents 

d'agression ayant des effets dits radiomimétiques ou ayant des 

cibles identiques à celles des rayonnements. 
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3. SURVEILLANCE MEDICALE DES PERSONNES PROFESSIONNELLEMENT 

EXPOSEES 

3.1. Une telle surveillance médicale doit être organisée par 

11 employeur pour : 

1) contrôler l'état de santé des travailleurs; 

2) aider à s'assurer tant à l'embauche que par la suite que l'apti-

tude au travail est acceptable et se maintient acceptable; 

3) fournir une information de référence dans les cas d'exposition 

accidentelle ou d'affection professionnelle; 

4) alerter les services de contrôle physique en cas de suspicion 

d'exposition anormale. 

Cette surveillance doit être organisée en ce qui concerne 

les travailleurs par les employeurs responsables; elle doit être 

étendue à ceux qui bien que n'étant pas liés par un contrat d'em-

ploi utilisent les rayonnements, à des fins professionnelles (méde-

cins, vétérinaires,'artisans, étudiants et boursiers chercheurs). 

A cet effet, sont mis en oeuvre un service médical de sur-

veillance et un système de collection et de conservation des don-

nées. 

3.2. Le service médical de surveillance doit organiser : 

a) des examens ďembauche; 

b) des examens médicaux périodiques; 

c) des examens exceptionnels avec intervention éventuelle. 

3.2.1. Ces trois types d'examens doivent respecter, s'ils font 
appel à des méthodes radiologiques, les principes énumérés plus 
haut pour l'exposition médicale. Ils ne seront pas dictés par une 
routine administrative mais ils seront décidés par le médecin en 
fonction du type d'examen et des données anamnestiques et clini-
ques, même à l'embauche. 

3.2.2. Par ailleurs, ces examens doivent prendre en considération 

tous les aspects médicaux de la médecine professionnelle et respec-

ter toutes les prescriptions qui sont fixées sur le plan interna-

tional et imposées par les autorités médicales compétentes sur le 

plan national. Dans chaque cas, le médecin doit s'assurer - et doit 

pouvoir le faire - des conditions particulières d'exposition de l'in-

dividu aux rayonnements ionisants et aux autres facteurs d'agression. 
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Il doit en conséquence avoir accès à toutes les données dont il a 
besoin pour vérifier l'état de santé des travailleurs et pour déter-
miner dans quelle mesure le poste de travail et son environnement 
peuvent influencer l'aptitude des travailleurs à remplir les tâches 
qui leur sont confiées. Il doit prendre en considération non seule-
ment la sauvegarde de la santé de l'intéressé mais aussi la sauve-
garde de la santé des tiers, c'est-à-dire que la décision médicale 
doit entre autres pouvoir tenir compte du risque que l'intéressé 
peut courir et du risque qu'il peut faire courir aux autres en rai-
son de ses handicaps physiques ou mentaux. Nous savons que nous pre-
nons une position qui sera peut-être controversée par certains mais 
nous estimons qu'elle se justifie pleinement sur le plan de la 
radioprotection. 

3.2.3. L'examen d'embauche doit comporter 

a) une anamnèse familiale et personnelle aussi complète que possible 
tenant compte entre autres de toutes les expositions éventuelles 
et des susceptibilités éventuelles et des thérapeutiques éventuel-
lement suivies; 

b) un examen clinique complété par tous les examens complémentaires 
nécessaires en fonction des données précédentes et en fonction 
de la nature des dangers au poste de travail. 

3.2.4. Des examens périodiques seront organisés en fonction des 
prescriptions réglementaires en la matière mais tiendront surtout 
compte des conditions de travail et de l'état de santé global de 
l'intéressé, facteurs qui en déterminent la fréquence bien mieux 
qu'un automatisme administratif. 

Il n'est pas inutile à ce propos de rappeler que l'on peut 
considérer que le risque d'une pratique déterminée n'est pas affecté 
par les risques provenant d'autres sources. Il est par conséquent 
justifiable de considérer séparément les doses reçues en dehors de 
la pratique médicale et les doses reçues en provenance de cette 
pratique. De même on peut admettre que les doses résultant des expo-
sitions médicales n'interfèrent pas avec les procédures de limita-
tions de dose dans d'autres domaines que le médical. Toutefois 
en raison de la possibilité de voir apparaître des effets non 
stochastiques dans les cas exceptionnels des travailleurs exposés 
à des doses professionnelles, d'une part, et à des doses médicales, 
provenant de diagnostics ou de traitements, d'autre part, doses 
touchant les mêmes tissus ou organes, le médecin responsable devra 
tenir compte de ces faits dans ces décisions et imposer, s'il échet, 
une révision des conditions de travail. 

3 . 2 . 5 . Les examens exceptionnels comportent les examens complémen-
taires en raison soit de l'état de santé du travailleur, soit d'in-
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cidents d'exposition ou de contamination, soit d'exposition concer-
tée. Il doit si nécessaire comprendre les mesures d'intervention 
urgente et l'orientation éventuelle vers les services spécialisés 
préalablement choisis. 

3.2.6. Nous insistons aussi sur un autre aspect du contrôle médical 

important à notre point de vue pour l'application de l'optimisation, 

c'est celui de la surveillance au-delà de la cessation du travail 

exposant aux rayonnements. L'optimisation a l'avantage d'introduire 

un aspect prospectif et les observations faites chez les personnes 

exposées au-delà de leur période d'activité peuvent être précieuses 

pour mesurer le détriment. 

3.2.7. Il est certain que les praticiens qui seront chargés de la 

surveillance médicale doivent être avertis à la fois en matière de 

médecine du travail traditionnelle et en matière de risques radio-

biologiques; il faut qu'ils puissent en cas de besoin faire appel 

aux spécialistes et en cas d'accidents aux services appropriés. 

Ces médecins devront être en nombre suffisant pour remplir efficace-

ment leur mission compte tenu du nombre de travailleurs à surveiller 

et du type des risques radiologiques ou non; ils doivent disposer 

du soutien logistique requis et préparer les contacts éventuelle-

ment nécessaires avec les services spécialisés. 

3.2.8. Toutefois pour mettre en oeuvre le principe de l'optimisa-

tion, il est indispensable que le service médical et les autorités 

médicale disposent des résultats des contrôles opérationnels et 

réglementaires systématiques et soient immédiatement informés de 

toutes les doses d'expositions interne et externe exceptionnelles, 

qu'elles soient concertées ou non. 

3.2.9. Dans tous les cas, il importe que le travailleur soit 

averti par le médecin des conclusions de son examen médical et 

des recommandations qui en découlent. 
« 

3.3. Enfin, tant pour la protection de l'individu profession-

nellement exposé que pour l'évaluation des risques, il importe 

que pour chaque travailleur soit constitué un dossier individuel 

confidentiel suivant un modèle établi par l'autorité médicale 

compétente et si possible dans un langage qui permette le recours 

à l'informatique et facilite le dépouillement épidémiologique. 

Ces dossiers, à conserver si possible pendant au moins 30 ans 

après la cessation du travail en raison de certaines manifesta-

tions tardives, comportera notanment : 

1) une description du travail et des conditions de travail exposant 

aux rayonnements et une description de la nature des expositions 

aux rayonnements et des autres risques éventuels non radiologi-

ques; 
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2) une appréciation sur les doses réellement reçues compte tenu des 

modes d'évaluation des doses et une évaluation des autres ris-

ques pouvant concerner les tissus et organes cibles; 

3) les résultats des examens médicaux et des décisions, et éven-

tuellement des interventions médicales. 

CONCLUSIONS GENERALES 

4. Nous pensons que les principes de la CIPR peuvent être 

appliqués aux expositions médicales à l'exception des limites 

d'équivalents de dose et doivent être appliqués à la surveil-

lance médicale des travailleurs. 

4.1. Il importe toutefois de mettre en garde à l'égard de cer-

tains points délicats du- système. Notamment les principes de là 

justification et de l'optimisation ont une projection dans le temps 

et il faudra tenir compte de 1'évolution de 1'importance et de la 

nature des risques, des avantages, des désavantages, et aussi des 

alternatives non radiologiques qui peuvent se développer et entraî-

ner une modification des justifications . 

4.2. Par ailleurs, il nous parait indispensable d'attirer l'atten-

tion sur le danger des termes utilisés "aussi bas que raisonnable-

ment possibles, les facteurs économiques et sociaux étant pris en 

considération". 

Nous sommes d'autant plus préoccupés qu'au cours même de 

cette réunion certaines approches sont présentées par exemple pour 

évaluer économiquement la valeur de la vie humaine et que l'on 

peut couvrir beaucoup de choses par les termes "raisonnablement", 

"économique" et "social". 

4.3. On ne peut se contenter d'une philosophie et d'énoncer des 

principes. Il faut les appliquer et préparer des normes. Il faut 

aussi dans ces directives fixer certaines valeurs "garde-fou" 

qui peuvent être à la lettre en contradiction avec le principe 

de l'optimisation mais qui peuvent diablement aider à le faire 

respecter. Une des barrières qui nous paraîtrait importante à 

réintroduire est celle de la limite supérieure de la dose géné-

tique à la population. Le chiffre qui avait été retenu jusqu'à 

présent dans les normes de l'AIEA est excessif. Il doit être ré-

duit au moins d'un facteur trois et même au-delà; cette valeur 

"plafond" tiendrait compte, ce qui n'est pas le cas jusqu'à 

présent, des examens et traitements médicaux et serait revue 

régulièrement en vertu même des principes d'optimisation. 

4.4. Il est certain que les principes énoncés dans la publication 

26 en matière de protection contre les rayonnements ionisants 



3 8 0 LAFONTAINE 

devraient être étendus à d'autres facteurs d'agressions de nature 
physique ou chimique, cela aussi bien dans l'industrie qu'en méde-
cine et dans la vie domestique. Plus particulièrement une étape 
devrait pouvoir être rapidement franchie, c'est celle qui se 
rapporterait aux substances mutagènes, cancérogènes ou cocancé-
rogènes. 

DISCUSSION 

G. COWPER: You suggested that the medical record of radiation workers 

shoUld include an evaluation of the doses actually received. Does this imply 

that the doctor should attempt to develop a better value of the occupational 

exposure than that given by conventional personnel dosimetry devices? 

A. LAFONTAINE: Yes, I think he should. The measurements do not 

always accurately reflect the actual doses received. Even personal dosimetry 

may not adequately cover the particular mode or even type of irradiation involved. 

In some cases it will be necessary to interpret environmental dosimetry measure-

ments and relate them to the individual and it will sometimes be necessary to 

interpret an inhalation or incorporation. 

V.K. GUPTA: Do you think that recording of medical exposures would 

help the process of optimization? 

A. LAFONTAINE: Yes, I think it would, but we must avoid becoming 

immersed in a kind of perfectionism which actually hinders the attainment of 

our goals. It is more important to carry out an accurate evaluation o f repre-

sentative groups and to make use of data such as the number of examinations 

paid for by health insurances than to try and set up a rigorous inventory system 

which is unworkable in practice. However, as far as the individuals being 

examined or treated are concerned, the use of a medical irradiation card and the 

circulation of a file might improve the situation. 

V.K. GUPTA: If the recording of all exposures is t oo vast an undertaking, 

to consider, would it not be possible at least to make records for occupational 

workers and in medico-legal cases? 

A. LAFONTAINE: This would certainly represent a useful approach, and 

it would have the advantage of being easier to apply in a systematic way. 

J.J. COHEN: You suggest that human life and health are beyond value 

and that it is therefore a questionable practice to assign a monetary value to 

the man • rem. Does this mean that you would recommend spending the total 

wealth o f a nation on health and safety to the exclusion of all other objectives? 

A. LAFONTAINE: I would like to give my answer in the form of a 

question. Should the economy be used for the benefit of man or man be exploited 

for the sake of the economy? We live in a world in which it tends to be forgotten 

that it is the safety and welfare of mankind itself that should be the goal of any 
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system we invent, whatever type of economy may be involved. The translation 
of the man • rem into a monetary unit raises various ethical and moral problems 
and the conversion is moreover quite arbitrary because it is subject to fluctua-
tions in our economic systems and depends on how you interpret economic 
growth and on the distribution of the risks in time. Anyway, there are considerable 
difficulties involved in applying these ideas to genetic risks. 

You imply that if my approach were followed, we would spend all the 
national resources on health and safety. May I remind you that health as.defined 
by the WHO is a state of complete physical, mental and social well-being. For 
a country to devote all its efforts towards this end is perhaps better than to see 
large portions of the GNP (the reality of which I sometimes doubt) being used 
for purposes which have little to do with the good of mankind. 

Are there not some values which cannot be expressed in dollars or roubles? 
The love of a mother or the smile ôf a child? These things are difficult to 
quantify but they must be taken into account in drawing up an advantage/ 
disadvantage (rather than cost/benefit) balance for man and his environment. 

J.C. ZERBIB: Medical surveillance of workers in the nuclear industry 
usually takes the form of a radiological examination by fluoroscopy, photo-
fluorography or X-ray procedures. Fluoroscopy delivers a dose of 6 rem per 
minute. The examination lasts for at least 15—20 s and thus gives a total of 
1.5—2 rem. Comparing this to the 0.5 rem average per year set by ICRP, we can 
surely say immediately, without any optimization calculation, that this practice 
should be prohibited for workers in the nuclear industry. I should like to know 
what the authors of ICRP-26 think about this. 

A. LAFONTAINE: I am not one of the authors of ICRP-26 and I have 
already stressed that the philosophy on which it is based should be re-examined. 
In any case, the document does not claim to deal with practical applications. 
On the particular question you raise, I would like to point out that a whole-
body dose should not be confused with a partial exposure. 

There are a number of other comments I should also make here. Firstly, 
when a radiological examination is indicated, standard X-ray techniques provide 
more information than photofluorography and (except for special cases) more 
than fluoroscopy. As far as absorbed doses are concerned, standard X-ray 
examinations deliver the lowest amount and fluoroscopy the highest. 

Secondly, radiological examination of nuclear personnel or those exposed 
to ionizing radiation should, as with any other worker, be made the subject of a 
justification exercise and a proper medical decision. The purpose of such an 
examination is to diagnose an existing or suspected ailment and it is thus in the 
interest of the worker to undergo it. 

Finally, the doses arising from medical examinations and treatment must be 
considered separately from those of an occupational origin. It is only in excep-
tional cases where non-stochastic effects may occur in workers exposed to both 
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occupational and medical diagnostic or therapeutic doses to the same tissues or 
organs that the doctor concerned must take account of these facts in his decision. 

H. VIALETTES: May I repeat Mr. Zerbib's question in a more direct way? 
Three methods are available for radiological lung examination of radiation 

workers. These deliver doses of the order of 1000, 100 and 10 mrad. Should 
not the optimization principle enunciated in ICRP-26 lead logically to the banning 
of the first two methods in favour of the third? I should also like to hear the 
opinion of the ICRP experts on this problem, which is very important from the 
collective dose point of view. 

A. LAFONTAINE: Radiological lung examinations of workers should not 
be undertaken on a systematic basis except at the time of engagement. Periodic 
examinations must be justified for medical reasons established as a result of 
questioning of the patient and clinical examination followed by supplementing 
tests. There is no doubt that large-scale X-ray examination of the lungs is the 
method which gives the smallest possible dose and, except in a few exceptional 
cases where fluoroscopy is necessary, gives the greatest amount of information 
while simultaneously providing a permanent record. 

W.D. ROWE: It appears that in situations where dose limits do not apply, 
an extra burden falls upon justification^nd optimization. These have to take 
place at the level of the practice, i.e. case by case. The practitioner must justify 
every prescription (using his professional judgement) and the procedure used 
must be optimized for minimum exposure through the use of trained personnel 
and proper equipment. 

H.P. JAMMET: The ICRP, in recommending the new dose limitation system, 
is implicitly endorsing the idea that the best technique from the radiological 
safety point of view should be chosen from those available for radiological 
examinations in cases where the results obtainable are roughly equivalent.. In 
practice, X-ray examination of the lungs is preferable to fluoroscopy for 
personnel monitoring. 
medical diagnostic exposures were contributing over 200 times as high a genetic-
ally significant dose as the entire nuclear energy industry, a survey was under-
taken in Japan. I do not remember the exact results, but I think that there was 
one case where a few hundred X-ray pictures were taken of the same patient. 
The doses received from medical exposures in Japan were found to be much 
higher than those from nuclear industries. As a result of a cost-benefit analysis, 
it was decided that certain medical X-ray examinations which could cause high 
exposures were inadvisable for the younger generation. 

Because of the significance of medical exposure, some of the data on A-bomb 
survivors in Japan are being looked at again. An exact evaluation of the dose 
received by patients in past medical examinations would be difficult, but if the 
type of X-ray machine is known, an approximate evaluation may be possible 
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from a record of the number of examinations. In the case of nuclear industries, 
I think that recording of the medical exposure of the workers is particularly 
important so that the fraction of the total dose coming from nuclear radiation 
can be evaluated. 
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H.T. DAW 
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STATUS OF THE BASIC SAFETY STANDARDS FOR RADIATION 
PROTECTION 

Following ICRP Publication 26 in 1977, the IAEA, WHO, ILO and NEA 
convened an Advisory Group meeting in October 1977 for the purpose of 
up-dating the Basic Safety Standards for Radiation Protection, published in the 
IAEA Safety Series as Publication No.9, 1967 edition. 

The Advisory Group meeting in October, 1977 discussed a draft proposal 
prepared by the Secretariat and amended it. The draft prepared by the Advisory 
Group was circulated to Member States and interested international organizations 
in 1978 for their comments. In addition a specific question was posed to Member 
States — to indicate if certain quantities of radioactive material and operations 
can be exempted from the application of the Basic Safety Standards on an 
international level. The purpose would be to facilitate international trade and 
passage of certain equipment and operations which do not involve a significant hazard. 

The comments received from Member States can be broadly classified into 
four categories, namely: 

( 1 ) Comments related to the practical difficulties that might be encountered in 
translating the dose limitation system recommendations into regulatory 
language. In addition practical difficulties might arise in the implementation 
of the dose limitation system for certain practices involving exposure to 
ionizing radiation. 

(2) Comments requesting guidance on the implementation of the dose limitation 
system in practical situations. 

(3) Comments requesting additional explanatory material to illustrate the back-
ground philosophy and how these concepts can be used in practice. 

(4) Some information was supplied to the Secretariat with respect to exempted 
quantities of radioactive material or operations where the Basic Safety 
Standards need not be applied. 

3 8 5 
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A second meeting of the Advisory Group took place in October 1978. These 
comments were considered and a decision was made to present the revised Basic 
Safety Standards in three parts. 

Part 1 should serve as a model for a regulatory document incorporating the 
regulatory requirements for the application of the dose limitation system. The 
document would, in addition, include a list of the terms used and their definitions. 
Part 2 would address itself to the operational requirements, so as to give guidance 
on how the concepts can be put into practical application. Part 3 would provide 
explanatory and advisory material on the principles and philosophy underlying 
the requirements in Parts 1 and 2. This third part would also give some general 
guidance on the methods used to implement the requirements of the dose 
limitation system. 

The third part would be prepared as agreed with Dr. H.P. Jammet, Chairman 
of Committee 4 of the ICRP, which deals with the practical application of the 
ICRP recommendations. Further, ICRP Committee 4 has planned an extensive 
programme to be implemented over the coming few years to give guidance and 
explanations on how the new ICRP system can be implemented in practice. 

The Advisory Group requested that the three documents be circulated, 
when completed, to Member States for their comments once again, prior to 
the convening of the third meeting of the Advisory Group (of two weeks' 
duration) and they suggested that the third meeting be tentatively scheduled for 
some time in 1980. It is noteworthy to recall that some of the comments 
received prior to the last meeting in October 1978 indicated that experience 
in Member States thus far in the application of the new dose limitation system 
is limited and that some time be allowed for further exploration before making 
a final draft of the Basic Safety Standards. 

It might be convenient at this stage to indicate that, in addition to this 
Seminar, the IAEA has planned an integrated programme to give more detailed 
guidance on the application of the dose limitation system in practice. Thus an 
Advisory Group meeting is planned to be held in 1979 on the subject of Cost-
Benefit Analysis as applied in Radiological Protection. Another Advisory Group 
is also scheduled for 1979 to give practical guidance on procedures for 
establishing limits for the release of radioactive materials into the environment. 
This latter meeting is a follow-up of the work published in the Agency Safety 
Series No.45. 

Similarly, the OECD Nuclear Energy Agency is undertaking at present or 
planning studies aimed at providing guidance on the application of the dose 
limitation system, in particular with reference to effluent releases from the 
nuclear fuel cycle and to uranium mining and milling operations. 
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Abstract-Résumé 

WORKERS AND THE ICRP RECOMMENDATIONS. 
In both the preparation and the application of the recommendations presented by the 

ICRP one important voice has been absent: that of the workers in the nuclear industry. A 
large number of specialists are studying their situation from all points of view, in their different 
capacities as workers, consumers and male or female members of the public, but this extensive 
study is being done without consulting them, without their opinion even being asked for. 
The paper discusses such deficiencies, in particular all those aspects which distinguish 
these recommendations — rich in nuances as they are — from a legal text. The lack of 
conciseness in the definition of the limit which the average annual dose to a large group of 
workers must not exceed (500 mrad) is considered. The possibility of a large number of 
workers being exposed for a long period is not acceptable if the decision is left to the 
manager of a nuclear facility alone. Cost-benefit analysis, as it is described in the ICRP text, 
cannot be considered to provide credible protection from the point of view of workers. 
Moreover, the various ICRP recommendations fail to mention such important matters as 
allowance for low-dose effects, disparities in the social security coverage offered to various 
categories of workers in the event of occupational illness, and the increasing use of migrant 
workers for difficult decontamination and maintenance tasks. At a time when it is thought 
that nuclear technology can be standardized, the French Democratic Labour Confederation 
(CFDT) expresses its fears concerning the practical application of the ICRP recommendations; 
for example, the text of ICRP Publication 26 has not yet been translated into French, but 
Euratom has already proposed directives for its application in Member States. Such 
technocratic behaviour tends to ignore the opinion of the persons most directly concerned — 
the workers in the nuclear industry. 

LES RECOMMANDATIONS DE LA CIPR ET LES TRAVAILLEURS. 
Dans la préparation comme dans l'application des recommandations présentées par la 

CIPR, il y a un absent de poids: le travailleur du nucléaire. Un grand nombre de spécialistes 
étudient sa situation sous tous les angles: travailleur, consommateur, homme ou femme du 
public. Ce complet examen est fait sans le consulter, sans même recueillir son avis. Ce sont 
ces lacunes qui sont abordées, en examinant notamment tout ce qui risque de séparer des 
recommandations riches en nuances, d'un texte législatif. Le manque de concision dans la 
définition des limites que la dose moyenne annuelle (500 mrad) ne doit pas dépasser au 
niveau d'un large groupe de travailleurs est abordé. La possibilité d'exposer pour une longue 
durée un nombre important de travailleurs ne peut être acceptable si elle n'est soumise qu'à 
la seule décision d'un chef d'installation nucléaire. L'analyse coût-bénéfice, telle qu'elle 

* Membre de la Confédération européenne des syndicats. 
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apparaît au travers des textes de la CIPR, rie peut être considérée comme une protection 
crédible aux yeux des travailleurs. Par ailleurs, les diverses recommandations de la CIPR sont 
muettes sur des problèmes importants comme la prise en compte de l'effet des faibles doses, 
la disparité de la couverture sociale des travailleurs en cas de maladie professionnelle ou 
l'utilisation croissante de travailleurs migrants, pour les tâches difficiles de décontamination 
et de maintenance. Au moment où l'on considère que ces technologies peuvent être banalisées, 
la Confédération française démocratique du travail exprime ses craintes concernant l'application 
concrète des recommandations de la CIPR, dans la mesure où, notamment, le texte de la 
publication n° 26 n'a pas encore été traduit en français, alors que l'Euratom a déjà proposé 
des directives pour son application dans les Etats Membres. Ces pratiques technocratiques 
conduisent ainsi à occulter l'avis des principaux intéressés: les travailleurs du nucléaire. 

Dans la préparation comme dans la rédaction des recommandations 

présentées par la CIPR dans la publication n° 26, il y a un absent de 

poids: le travailleur du nucléaire. 

Un grand nombre de spécialistes examinent sa situation sous 

tous les angles. Ils imaginent pour lui un schéma de Société au tra-

vers d'un savant équilibre réalisé entre les nuisances qui l'affecte-

ront et les avantages qu'il est censé recueillir. Ce complet examen 

est fait sans le consulter, sans même recueillir son avis. 

La CIPR ne fonde pas seulement ses recommandations sur l'en-

semble des données relatives aux travaux scientifiques effectués 

dans le monde, elle le fait aussi par rapport à une philosophie du 

risque accepté. 

Nous ne contestons pas les capacités de la CIPR à dresser le 

bilan des effets des rayonnements sur l'organisme, mais nous pensons 

qu'il n'en va pas de même pour l'estimation de l'équilibre risque/ 

avantage ou coût/bénéfice. 

Les travailleurs savent bien que les risques professionnels 

ne sont pas inéluctables en valeur absolue. La variabilité des ris-

ques d'une profession à l'autre n'est pas contestée, mais ce qui 

l'est cependant c'est.que, par exemple, la construction de bâtiments 

publics ou privés apporte le plus lourd tribut au nombre des décès 

professionnels. Ce n'est pourtant pas la complexité des phénomènes 

physiques qui est en jeu car il s'agit là de la chute des corps. 

Depuis que M. Newton a vu tomber une pomme, nous en savons 

l'essentiel. 

La raison du nombre excessif de décès, qui frappent souvent 

les travailleurs migrants dans tous les chantiers, est à chercher 

ailleurs. Il s'agit en général d'une déviation de la loi chère à la 

CIPR; le coût/bénéfice. 
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En partant des travaux de la CIPR, nous avons examiné tout 

particulièrement la notion de la limite d'équivalent de dose annuelle 

moyenne pour de larges groupes professionnels de l'industrie nucléo-

électrique. 

1 - LES DOSES DANS LE CYCLE DU COMBUSTIBLE ET DANS LES 

CENTRALES NUCLEAIRES 

Si nous considérons la partie prépondérante des activités " 

industrielles, c'est-à-dire les mines d'uranium, les réacteurs nu-

cléo-électriques et la fin du cycle du combustible, qui emploient 

un grand nombre de travailleurs, on est en droit de se demander si 

la valeur de la dose moyenne annuelle relative à un groupe de tra-

vailleurs sera voisine de 0,5 rad (5 mSv) par personne, comme indi-

qué en § 100 de la publication 26. 

Nous allons examiner les principaux maillons du cycle du com-

bustible ainsi que la production d'électricité proprement dite. 

1.1. Les doses dans les centres de retraitement du combustible 

L'examen des usines de retraitement montre à l'évidence qu'à 

l'échelle mondiale nous sommes plutôt dans une situation de panne. 

L'usine américaine de West Valley, qui a cessé de fonctionner en 1972, 

a traité avec la tête oxyde de Windscale, arrêtée en 1973, le tonnage 

le plus élevé en combustible oxyde (respectivement 240 et 120 t). 

Tableau I - DOSES RELATIVES AU CENTRE DE RETRAITEMENT DE WEST VALLEY (USA) 

Année tonnage taux moyen doses movennes annuelles dose totale dose 
oxyde + de combus- agents entreprises homme•rem homme•rem 
métal tion MWj/t rem /a rem /a №!e. a 

1966 145 3400 inconnue inconnue inconnue inconnue 
1967 103 1400 " inconnue 
1968 137 2800 2,74 851 2,43 
1969 106 9700 inconnue " inconnue inconnue 
1970 37 11200 6,74 0,92 1531 4,05 
1971 67 11800 7,24 1,21 2366 3,28 

Total 595 5469 3,27* 

К moyenne i jour 1968--1970-1971: 3 ,27 homme'rem par MWe.a 
références: [ RES 11], [ GSI 78 7 
West Valley a retraité au total 410 t métal + 240 t oxyde 
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Tableau II - DOSES RELATIVES AU CENTRE 'DE RETRAITEMENT DE WTNDSCALE (UK) 

1971 1972 1973 1974 1975 1976 

groupe "production" 3,90 rem (206) 4,16 rem (217) 3,14 rem (293) 

groupe "entretien mécanique" 3,30 rem (131) 2,96 rem (136) 2,59 rem (188) 

groupe "entretien électrique 

et appareillages" 
1,07 rem (161) 1,03 rem (169) 1,21 rem (182) 

groupe "radioprotection" 2,02 rem ( 85) 1,65 rom ( 95) 1,48 rem (127) 

groupe "laboratoires" 0,75 rem ( 44) 0,48 rem ( 50) 0,45 rem ( 46) 

moyenne des 5 groupes 2,57 rem (627) 2,49 rem (667) 2,20 rem (836) 

dose collective du centre 

homme* rem 
3051 3379 3255 3486 4028 4916 

dose moyenne individuelle 

rem/an 

1,20 (2538) 1,27 (2652) 1,25 (2595) 1,23 (2828) 1,19 (3381) 1,11 (4406) 

tonnage traité 1086 t 765 t 730 t 1121 t 589 t 956 t 

Remarques: d'après Beninson [ BEN 77 J de 1971 à 1975 la dose est de 1,2 rem par MWe.a 

: la Jose moyenne annuolle de 1071 à 1976 est égale i 1,2 reo.a 

: chiffres entre parenthèses = nombre de travailleurs 

Références: /"UNS 7 7 / page 278 ot 292, /"CLA 7 8 / , /"TAY 78./ 

N 
W 
70 » 
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Tableau III - DOSES RELATIVES AU CENTRE DR RETRAITEMENT DE KARLSRUHE (RFA) 

Année tonnage 
oxyde 

taux moyen de 
combustion MWj/t 

doses moyennes annuelles dose totale 
homme* rem 

dose an 
home* rem 
HKe. a 

Année tonnage 
oxyde 

taux moyen de 
combustion MWj/t agents 

(rem/a) 
entreprises 

(rem/a) 

dose totale 
homme* rem 

dose an 
home* rem 
HKe. a 

1971 3,1 12000 0,927 1 ,047 100 2,94 

1972 4,5 16800 1,183 0,923 275 . 3,98 

1973 17,1 5400 1,120 0,660 288 3,42 

1974 14,5 15500 0,626 0,771 208 1,01 

1975 11,0 24500 0,487 0,479 163 0,66 

1976 11,0 19000 0,305 0,224 102 0,53 

1977 4,7 30000 0,421 0,417 140 1,09 

total 65,9 15939 2176 2,27 

référence : [ GSI 78 ] 

Tableau IV - DOSES RELATIVES AU CENTRE DE RETRAITEMENT D'EUROCHEMIC {BELGIQUE) 

Personnel EUROCHEMIC Firm 3s Extérieures Ensemble 
Année Nombre de 

travailleurs 
dose collecti-
ve (homme-rem) 

dose indivi-
duelle rem/a 

Nombre de 
travailleurs 

dose collec-
tive homme»rem 

dose indivi-
duelle rem/a. 

dose indivi-
duelle rem/a 

1970 255 315,3 1,24 13 24,3 1,87 1,27 

1971 238 282,7 1,19 30 35,4 1,18 1,19 

1972 213 396,3 1,86 22 30,7 1,40 1,82 

1973 206 341,1 1,66 19 30,4 1,60 1,65 

1974 171 246,8 1,44 16 20,4 1,28 1,43 

1975* 152 145,7 0,96 17 10,9 0,64 0,93 

1976 153 125,6 0,82 22 20,6 0,94 0,84 

1977 161 153,9 0,96 20 20,7 1,04 0,96 

moyenne 
1970-74 217 316,4 1,46 20 28,2 1,41 1,45 

de 1975 à 1977 s'est effectuée la décontamination des installations 
tonnage traité: 7,9 t <*г GGR ( 900 à 1500 MWj/t) 

69,4 t de iiWR ( 4000 à 6000 КWj/t) (metal) 
71.4 t de PWR (12900 à 21000 MWj/t) ... + , 
29.5 t de BWR ( 6000 & 17300 MWj/t) U Z <охУае' 

dose collective totale» 2201 homme»rem de 1970 a 1977 
dose moyenne: environ 0,8 rem par MWe.a de 1970 à 1977 
Référence .: /"OSI 79.7 
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Tableau V - DOSES RELATIVES AU CENTRE DE RETRAITEMENT DE LA HAGUE (FRANCE) 

Année Tonnage métal 
+ oxyde 

taux moyen de 
combustion 
MWj/t 

dose moyenne annuelle homme-rem par 
MWe.a 

Année Tonnage métal 
+ oxyde 

taux moyen de 
combustion 
MWj/t CEA mrem entreprises mrem total mrem 

homme-rem par 
MWe.a 

1968 189 1170 157 (928) 112 (700) 130 (1618) 1,11 

1969 153 990 168 (895) 154 (472) 163 (1367) 1 ,56 

1970 245 1080 216 (776) 214 (456) 215 (1732) 1,54 

1971 126 2290 323 (797) 196 (539) 271 (1335) 1,37 

1972 250 2160 354 (703) 270 (340) 330 (1043) 0,70 

1973 213 2390 410 (733) 489 (423) 438 (1156) 1,09 

1974 635 2330 420 (732) 482 (490) 445 (1222) 0,40 

1975 443 3038 419 (609) 594 (632) 495 (1411) 0,57 

1976 218+14,4 2783 371 (865) 589 (645) 464 (1510) 0,59 

1077 107R 351+17,3 177 + 1Г, П 2947 TMri 392 (995) 364 (778) 380 (1773) 0,43 

- chiffres entre parenthèses ° nombre do travailleurs 
1ère campagne oxyde: :taux do combustion moyen 4s 16000 MWj/t , année 1976 
2ème campagne oxydo :taux de combustion moyen «s 28000 MWj/t , années 1977-1978 

Le centre de La Hague, qui a traité plus de 3000 tonnes de 
combustible graphite-gaz3 possède, en matière de retraitement de com-
bustible oxyde, une expérience portant sur un tonnage- (80 t de juin 
1976 à février 1979) se situant entre ceux d'Eurochemic (101 t de 
1970 à 1974), Windscale (120 t) et Karlsruhe (66 t de 1971 à 1977). 

Nous avons regroupé dans les tableaux I à V les différents 
paramètres relatifs aux doses reçues par les travailleurs de ces cen-
tres. Les données ne sont pas également détaillées car elles sont sou-
vent incomplètes, voire inexistantes, tout particulièrement en France. 

Ces valeurs nous permettent cependant de voir dans quelle gam-
me se situe la dose moyenne annuelle, ou encore la dose en homme.rem, 
relative à la production d'une quantité d'énergie électrique de un 
mégawatt.an. 

, homme.rem _ dose collective (homme.rem) 
° S e MW(e).a " taux de combustion (MW(th).j) x 1/3 x 1/365 (j) 

Les valeurs moyennes sont regroupées au tableau VI. 

En excluant le centre de West Valley, où les doses moyennes 
avaient atteint des niveaux inacceptables, nous voyons cependant que 
la dose moyenne annuelle se situe dans la gamme de 0,4 à 1,5 rem/a 
environ et que le nombre d'homme-rem par MW(e).a varie entre 0,7 et 
2,3 environ. 

(suite du texte p.399) 
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Tableau VI - DOSES MOYENNES RELATIVES AUX CENTRES DE RETRAITEMENT DU COMBUSTIBLE 

Centres tonnage nature dose 
rçm/a 

, dose homme•rem 
rçWe.a 

Années 

WEST VALLEY 650 t 410 t métal + 
240 t oxyde 

? 3,27 1968-1970 
1971 

WINDSCALE 5247 t 5127 t métal 
+ 120 t oxyde 

1,20 1,20 1971 à 1976 

LA HAGUE 3269 t 3200 t métal 
69 t oxyde 

0,38 0,70 1970 à 1977 

EUROCHEMIC 178 t 77 t métal 
101 t oxyde 

1,45 0,80 1970 à 1977 

KARLSRUHE 66 t oxyde ? 2,27 1971 à mai 1977 

FIG.l. Evolution des doses moyennes annuelles dans les centres de retraitement du combustible. 
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Tableau VII - DOSES ANNUELLES MOYENNES DANS LES CENTRALES NUCLEAIRES EN FRANCE 

Anners 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 

Nbrc tic Lr.iva.il louriï 333 434 495 570 750 1167 1509 1644 1593 1560 1590 

puissance installée 

(MWe) 

80 270 270 820 020 1546 1546 2005 2625 2565 2565 

dose moyenne rem/a 0,16 0,16 0,10 0,30 0,28 0,30 0,34 0,39 0,48 0,47 0,55 

Honmie • rem/MWe. a 3.1 1,8 0,87 0,76 0,75 0,80 1,02 0,79 0,52 0,48 0,61 

référence [ UNS 77 J 

N И » 
BS 



I A E A - S R - 3 6 / 2 7 

Tableau VIII - DOSES ANNUELLES DANS LES CENTRALES NUCLEAIRES AU ROYAUME-UNI 

3 9 5 

Nom de la centrale Type Puissance 
(MWe) 

Dose collective en homme»rem pour 
l'ensemble des travailleurs 

BERKELEY UNGG 2 x 138 

1972 1973 1974 

BERKELEY UNGG 2 x 138 271 (392) 302 (418) 284 (404) 

BRADWELL UNGG 2 x 163 164 (415) 146 (507) 129 (399) 

HINKLEY POINT UNGG 2 x 278 253 (717) 410 (1301) 515 (1642) 

TRAWSFYNYDD UNGG 2 x 254 575 (513) 430 (598) 260 (606) 

DUNGENESS UNGG 2 x 276 135 (544) 129 (633) 135 (686) 

SI7.EWZLL UNGG 2 x 290 • 53 (474) 84 (646) 82 (514) 

OLDBURY UNGG 2 x 300 75 (441) 73 (420) 71 (426) 

WYLFA UNGG 2 x 590 , 37 (315) 63 (601) 72 (597) 

HUNTERSTON UNGG 2 x 160 364 (673) 277 (690) 344 (718) 

Total 1927 (4484) 1914 (5814) 1892 (5992 

dose moyenne en rem 
dose moyenne en homi 

• a 
ne-rem pa с MWe.a 

0,43 
0,66 

0,33 
0,68 

0,32 
0,65 

- chiffres entre parenthèses = nombre de travailleurs 

- référence : d'après С UNS 77 J page 276 

Tableau IX - DOSES ANNUELLES MOYENNES DANS LES CENTRALES NUCLEAIRES AUX USA (1969-1975) 

Année 

Puissance moyenne (MWe) homme.rem/MWe.a Nbre moyen de 
travailleurs 
par tranche 

lose annuelle 
noyenne rem/a 

Année BWR PWR BWR PWR LWR 

Nbre moyen de 
travailleurs 
par tranche 

lose annuelle 
noyenne rem/a 

1969 116 (3) 381 (4) 1,75 0,66 0,94 141 1,06 

1970 322 (5) 403 (5) 0,63 2,39 1,59 305 0,98 

1971 351 (7) 459 (6) 1,36 1,12 1,22 302 0,96 

1972 450 (10) 500 (8) 0,B1 1 ,44 1,07 344 1,20 

1973 521 (14) 575 (12) 1,00 2,13 1,55 584 0,85 

1974 521 (14) 625 (18) 1,75 0,99 1,28 514 0,74 

1975 626 (10) 650 (26) 2,03 0,67 0,89 578 0,80 

( ) = nombre de tranches, une tranche comporte un ou plusieurs réacteurs 
références [ MUR 76 J et [ UNS 77 J nagt: 235 
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Tableau X - DOSES REÇUES DANS LES CENTRALES NUCLEAIRES EN REPUBLIQUE FEDERALE D'ALLEMAGNE 

non de la 
centrale 

Type Puissance Doses collectives en homme,rem non de la 
centrale 

Type Puissance 

Personnel de la pentrale Entreprises Ensemble des travailleurs 

KAHL BWR 16 t№e 
1973 1974 1975 1973 1974 1975 1973 1974 1975 

KAHL BWR 16 t№e 178 (83) 206 (87) 205 (96) 10 (27) 69 (75) 69 (97) 108 (110) 275 (162) 274 (193) 

KARLSRUHE D20-
P'.S'R 

58 MWe 83 (107) 66 (110) 58 (104) 77 (87) 63 (70) 68 (75) 160 (194) 129 (170) 126 (179) 

C.UNDREMMING BWR 250 MWe 375 (109) 342 (110) 304 (125) 206 (373) 323 (307) 355 (324) 661 (482) 665 (425) 659 (449) 

LINSEN BWR 252 MWe 158 (139) 175 (168) 228 (156) 125 (141) 253 (245) 798 (577) 283 (280) 428 (413) 1026 (733) 

OBRIGHEIM PWR 34S MWe 261 (144) 251 (144) 277 (146) 415 (408) 335 (394) 405 (391) 676 (552) 586 (538) 602 (537) 

STADE PWR 662 MWe 137 (149) 127 (144) 162 (146) 266 (756) 172 (402) 226 (473) 403 (905) 299 (546) 388 (619) 

KL'RGASSEN BWR 670 MWe 32 (162) 73 (173) 55 (178) 63 (717) 425 (1543) 166 (1101 95 (879) 499 (1716) 221 (1279 

Ensemble des réacteurs 1224 (893) 1240 (944) 1289 (951) 1242 (2509) 1640 (3036. 2087 (3038 2466 (3402) 2880 (3970) 3376 (3989 

dose moyenne en rem-a 1,37 1,31 1,36 0,50 0,54 0,69 0,72 0,73 0,85 

dose moyenne en homme•rem/MWe.a 1,80 2,24 2,22 

Les chiffres entre parenthèses donnent le nombre de travailleurs 

Référence: /\JNS Tl J pages 213-274 
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Tableau XI- COMPARAISON DES DOSES MOYENNES 
MESUREES DANS LES CENTRALES NUCLEAIRES 

Pays Variation 
des doses 

individuelles 
en rem/a 

Variation des 
doses en 
homme.rem 
Dar MWe.an 

années 
considérées 

FRANCE 0,39 à 0,55 0,48 à 0,79 1971-1974 

ANGLETERRE 0,32 à 0,43 0,65 à 0,68 1972-1974 

R.F.A. 0,72 à 0,85 1,80 à 2,24 1973-1975 

ETATS-UNIS 0,74 à 0,85 0,89 à 1,55 1973-1975 

0,32 à 0,85 0,48 à 2,24 1971-1975 
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Tableau XII - DOSES REÇUES PAR LES MINEURS D'URANIUM EN FRANCE 

1968 

Irradiation externe en rem/a Exposition au Radon et aux poussières 

1968 

personnel 

au fond 
personnel 

au jour 
ensemble des 

travailleurs 

radon 

(СМА) 
poussières 

(СМА) 
Nbre de personnes 
surveillées 

1968 0,680 (830) 0,173 (976) 0,406 (1806) 0,17 0,05 1 008 

1969 0,764 (774) 0,180 (946) 0,443 (1720) 0,20 0,06 979 

1970 0,754 (755) 0,138 (847) 0,429 (1602) 0,19 0,05 941 

1971 0,883 (696) 0,252 (743) 0,559 (1439) 0,18 0,05 884 

1972 0,967 (631) 0,207 (808) 0,541 (1439) 0,17 0,05 847 

1973 0,784 (640) 0,179 (800) 0,448 (1440) 0,18 0,05 854 

1974 0,674 (673) 0,184 (853) 0,401 (1526) 0,13 0,04 885 

1975 0,49 ? 0,13 ? ? ? 0,11 ? 1 

moyenne 

1960-74 0,778 (717) 0,186 (853) 0,458 (1567) 0,175 0,05 914 

- les chiffres entre parenthèses = nombre de travailleurs 

- nombre de СИЛ = Concentration Moyenne Annuelle 

rčférenco: partiellement /UNS 77 J page 267 

N 
W m 
b) 
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FIG.3. Exposition au radon des mineurs d'uranium - Distribution des concentrations 
moyennes annuelles en France. 

La figure 1 illustre les variations des doses moyennes an-
nuelles. Nous voyons que la valeur moyenne de 0,5 rem par an est bien 
dépassée, car le nombre de personnes pris en compte pour le calcul 
dépasse largement les seuls travailleurs directement affectés aux 
travaux sous rayonnements. Les valeurs relatives à des groupes de 
travailleurs de Windscale illustrent bien cette remarque. 

1.2. Les doses dans les réacteurs nucléaires 

Nous avons considéré, d'une part les doses dans les centrales 
à uranium naturel .métal (Royaume-Uni et France), d'autre part les do-
ses relatives aux centrales à oxyde d'uranium et eau légère (USA et 
RFA). L'ensemble des données est regroupé dans les tableaux VII, VIII, 
IX et X. Les valeurs de base qui ont permis de constituer ces tableaux 
proviennent principalement du rapport de 1'UNSCEAR [UNS 77 J et de 
Murphy [MUR 76] . 

En valeur relative, nous pouvons dire que les centrales à eau 
légère (LWR) conduisent à des doses au moins deux fois plus élevées 
que les doses moyennes annuelles observées dans les centrales à ura-
nium naturel (UNGG). 

Qu'il s'agisse de la France, des Etats-Unis, de la République 
Fédérale d'Allemagne, il apparaît que les doses moyennes se situent -
et se situeront - au-dessus de la barre de 0,5 rem/a (5 mSv/a). 
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Tableau XIII - CANCERS DU POUMON CHEZ LES MINEURS DE TCHECOSLOVAQUIE 

Exposition cumulée due au Radon Fréquence de cancers pour 1000 mineurs 

Niveau WLM Exposition moyenne 

(WLM) 

attendu observé 
observé 

attendu 

probabilité = 95 % 

< 50 39 + 1,2 16,6 33,2 (1,1) - 2,0 - (4,6) 

50 - 99 80 + 0,8 13,2 21,2 (1,2) - 1,6 - (2,5) 

100 - 149 124 + 0,8 13,8 34,0 (1,7) - 2,5 - (3,3) 

150 - 199 174 + 1,2 15,2 69,8 (3,3) - 4,5 - (5,7) 

200 - 299 242 + 1,7 15,7 76,3 (3,8) - 4,9 - (6,0) 

. 300 - 399 343 + 3,2 17,4 102,3 (4,2) - 5,9 - (7,6) 

400 - 599 488 + 4,9 16,5 117,9 (5,4) - 7,2 - (9,0) 

600 et + 716 + 9,0 17,2 138,9 (5,4) - 8,1 -(10,6) 

Total 15,1 65,6 (3,8) - 4,3 - (4,8) 

entre parenthèses = valeurs extrêmes 

référence: [ SEV 76 J 

Compte tenu du nombre de centrales en fonctionnement et 

du nombre de travailleurs engagés, on peut comparer valablement 

les mesures pour les trois ou quatre dernières années. Elles fi-

gurent au tableau XI. 

Ce dernier tableau, comme la figure 2, montrent bien que 

pour les centrales LWR les doses moyennes annuelles se situent 

au-dessus de la barre des 0,5 rem/a. 

1.3. Les doses dans les mines d'uranium -

L'extraction du minerai d'uranium se fait, soit en mines à 

ciel ouvert, soit en galeries souterraines. 

Les principaux risques sont: 

- les poussières de minerai mises en 

- le radon qui se dégage (en moyenne 

- le rayonnement émis par le minerai 

échappent. 

suspension dans l'air, 

1,3.10-1° Ci/1 en France), 

et les gaz radioactifs qui s'en 

Les deux premiers risques sont généralement évalués par des 

contrôles dans les chantiers et galeries [FRA 75 aj et £fra 75 b]. 
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Il est nécessaire de considérer en matière d'irradiation les 
deux modalités d'atteintes: interne et externe. L'irradiation inter-
ne est calculée en tenant compte des mesures faites par prélèvement 
et des nombres de postes effectués dans les différents chantiers par 
les mineurs. L'irradiation externe est mesurée individuellement sur 
un film dosimètre. 

L'irradiation du personnel au fond est plus grande que cel-
le du personnel au jour car il est pratiquement irradié dans quatre ЗГ. 

Au centre d'une galerie tracée dans un minerai à un pour 
mille, l'intensité est de l'ordre de 0,5 mrem/h, soit pour 2000 
heures de travail par an une dose annuelle moyenne de 1 rem /a 
(PRA 75] , [FOU 75] . L a teneur en moyenne se situait en France 

en 1972 à 3,1 pour mille [FRA 75 âJ pour 925 tonnes extraites. 

A ciel ouvert, le débit de dose ne diminue pas de moitié car 
le mineur travaille devant une paroi verticale (géométrie 3 5T ). 
D'après Fourcade-Cancelle, les débits de doses calculés dus aux com-
posantes gamma et bêta sont les suivants pour un minerai, à un pour 
mille: 

galerie 0,65 + 0,12 = 0,77 mrad/h 
carrière ... 0,50 + 0,12 = 0,62 -mrad/h 

Il est précisé que le calcul théorique donne une valeur tou-
jours supérieure à la mesure expérimentale (+ 20 % environ) [FOU 75] 
Beninson a noté que dans les mines américaines la valeur moyenne est 
de 1,3 mrad/h fßEN 77] . 

Le tableau XII donne les doses reçues par les mineurs d'ura-
nium en France. La dose annuelle moyenne est de: 
• 

0,75 rem/a pour les travailleurs de fond 
0,19 rem/a pour les travailleurs au jour 
0,46 rem/a pour les deux groupes réunis. 

A ceci s'ajoute l'exposition au radon et aux poussières qui 
se traduit notamment par une irradiation du poumon: si l'on traduit 
les valeurs de СMA en niveau opérationnel [PRA 75] , généralement 
appelées Working Level (voir [CFDT 75] p. 235), on obtient environ 
0,22 WL, soit, pour douze mois: 2,7 WLM Working Level Month). Ces 
valeurs, ajoutées à l'irradiation externe, montrent que pour la mine 
nous dépassons à nouveau la valeur moyenne de 0,5 rem par an. 

Pour la période 1968-1975, la distribution statistique des 
concentrations moyennes annuelles en- radon est représentée à la fi-
gure 3 . 
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FIG. 4. Evolution du prix de U3Os pour livraison immédiate. 

Le rapport de l'UNSCEAR de 1972 [UNS 72] signalait qu'une 
fréquence accrue de cancers pulmonaires a été enregistrée parmi le 
personnel de certaines mines (pas nécessairement d'uranium) exposé 
à des concentrations élevées de radon et des descendants radioactifs. 
Le risque, qui a certes diminué par l'amélioration des conditions de 
travail dans certaines mines, a posé et pose encore l'un des problè-
mes majeurs de la protection biologique. 

On peut estimer l'importance de ces risques en examinant l'é-
tude épidémiologique relative aux mineurs des USA (citée dans [CFDT 
75] , p. 334) ou de Tchécoslovaquie [SEV 76] (tableau XIII). 

En considérant la première valeur du tableau, nous voyons 
que le doublement du taux de cancer du poumon s'observe chez les mi-
neurs tchécoslovaques à un niveau relativement bas, soit environ 15 
ans de travail pour le niveau moyen de 2,7 WLM observé dans les mi-
nes françaises d'uranium. 

A ceux qui ne manqueront pas d'évoquer la fameuse notion 
août/bénéfice, nous conseillons l'examen de la figure 4, qui illustre 
l'évolution du prix de l'UßOg [HAN 76] . Qui supporte actuellement 
les coûts ? Où vont les bénéfices ? 

Si maintenant nous voulons évaluer les nuisances de la mine 
d'uranium dans les mêmes unités que précédemment, il faut compter 
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Tableau XIV - BILAN DES DOSES MOYENNES REÇUES PAR LES 

TRAVAILLEURS DU NUCLEAIRE 

Nature 

de 

11 activité 

Présente synthèse Autres travaux 
Nature 

de 

11 activité 

dose en 

rem/a 

, dose en 
homme•rem 

MWe. a 

dose en 

rem/a 

, dose en 
homme-rem 

MWe. a 

MINES 

D'URANIUM 

0,46 

(+ 2,7WLM*/a 
0,12 1,6 (a) 

0,05 (a) 

0,1 (b) 

CENTRALES 

NUCLEAIRES 

0,32 

à 

0,85 

0,48 

à 

2,24 

0,98 (c) 
Canada 

1,2 (a) 

Japon 

2 (b) 

RETRAITEMENT 

COMBUSTIBLE 
0,4 à 1,5 0,48 à 2,3 2 (b) 

AUTRES ETAPES 

DU CYCLE 
- - 0,03 (b) 

TRANSPORT 

0,03 à 

0,005(b) 

0,001 (a) 

TOTAL 1,3 à 4,7 
3 à 4 (a) 

4,2 (b) 

références: (a)= [BEN 77] , (b)= [РОС 76] , (c)= [UNS 77] 

t 
Nous ne pouvons convertir les WLM en rem car la conversion dé-
pend de nombreux facteurs, notamment: 

. du débit de la ventilation qui influe sur le déséquilibre des 

produits de filiation, 

. de la partie du poumon où a lieu le dépôt et la rétention des 

aérosols. 

environ 170 tonnes d'uranium naturel pour assurer la recharge annuel-

le d'un réacteur de 1000 MW(e). On déduit du tableau XII qu'il y a 

en moyenne 718 homme rem pour 1000 t/a d'uranium. 

,, , ' . , „ homme • rem 
Nous avons donc pour la mine 0,12 — — 

* MW(e).a 

t, - t - о homme-rem , Bemnson évalué a 0,05 . t la part due a la mine 
[BEN 7 7 ] . Ш ( е ) " а 
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1.4. Les doses dans le nucléaire et la CIPR 26 

En considérant les trois grands vecteurs que nous avons ana-
lysés, nous pouvons dresser un bilan (tableau XIV). 

Suivant les conditions de mesure et les auteurs, les valeurs 
se trouvent dans la gamme de 0,2 à 10 rad par WLM [JAC 76] , c'est-
à-dire 2 à 100 rem par WLM. 

Dans le cas des mines françaises, la valeur de 2,7 WLM/a, en 
prenant la fourchette basse de l'équivalence (0,3 à 1 rad par WLM), 
se traduit par une dose comprise entre 7 et 27 rem par an. Cette 
dose est doublée si l'on tient compte des nouvelles valeurs du fac-
teur de qualité proposées par la CIPR 26 (§ 21) . 

Les valeurs des doses moyennes annuelles sont pratiquement 
partout supérieures à 0,5 rem par an. A ceci, s'ajoutera une dérive 
consécutive au vieillissement des installations nucléaires, qui se 
traduit par un accroissement du nombre d'interventions et une élé-
vation des niveaux d'irradiation et de contamination. 

Plutôt que de se contenter d'observer que la répartition des 
équivalents de doses annuels à l'intérieur de larges groupes profes-
sionnels s'est révélée très souvent comme étant conforme à une fonc-
tion log-normale avec une moyenne arithmétique d'environ 0,5 rem et 
avec très peu de valeurs approchant la limite (§ 100), la CIPR au-
rait dû déclarer que, s'agissant de larges groupes professionnels 
la limite de 0,5 rem devait être fixée clairement par le législateur. 
Ce qui est inquiétant c'est que, non seulement en rédigeant le § 100 
précédemment cité, la CIPR s'est placée en observateur extérieur, 
mais qu'au § 102, elle admet que le risque dû à un dépassement sen-
siblement SUPERIEUR à 0,5 rem, concernant une PROPORTION IMPORTANTE 
de travailleurs pour une exposition de LONGUE DUREE serait accepta-
ble seulement si une analyse attentive du coût/bénéfice montre que 
le risque plus important en résultant est justifié. 

Cet article vise à faire, compte tenu des doses analysées pré-
cédemment, du nucléaire dans son ensemble une exception. Lorsque l'ex-
ception devient une loi générale, elle ne peut plus être considérée 
comme une.exception. 

La CFDT dit clairement que dans ce cas l'analyse coût/bénéfice, 
dont elle conteste un grand nombre d'aspects, ne peut constituer à 
ses yeux une protection efficace ou crédible. Elle estime en général, 
et plus particulièrement dans ce cas où le coût des homme-rem est 
d'abord supporté par les travailleurs, qu'il appartient à ces derniers 
de décider si l'opération projetée mérite d'être réalisée. On peut 
imaginer en effet que des travailleurs acceptent de subir une exposi-
tion importante, mais inférieure aux limites, s'il s'agit de réduire 
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ou de stopper la dérive croissante des nuisances dans une installation 
nucléaire, mais la refusent si cette exposition ne vise qu'à mettre en 
marche plus rapidement une installation nucléaire. 

En aucune manière, la décision d'un chef d'installation ne peut 
être prépondérante dans un choix qui met en balance, d'un côté les 
nuisances apportées aux travailleurs et, de l'autre, le gain financier 
d'un organisme privé ou public. 

2 - LES RECOMMANDATIONS ABSENTES 

Le texte proposé par la CIPR est dense, riche en nuances et il 
peut paraître curieux de le considérer comme incomplet. Nous avons 
cependant répertorié au moins trois aspects qui ont échappé à l'exa-
men de la commission. Nous ne pourrons pas les commenter largement, 
mais il nous semble important qu'ils fassent l'objet d'études et de 
propositions concrètes. 

2.1. Les faibles doses 

Les travaux de Mancuso, Kneale, Stewart [MAN 77] 
[KNE 78] , [STE 78] , [BEL 78] , qui ont porté sur 23755 travail-

leurs, dont 4033 sont décédés (832 par cancers), ont révélé qu'un 
faible excès de cancers radioinduits, 5 % environ, correspondait 
à un risque d'induction pratiquement 10 fois supérieur à celui cal-
culé par une extrapolation des observations faites principalement 
sur les survivants d'Hiroshima et Nagasaki. 

Cette observation est apparue d'autant plus troublante que, 
d'une part, l'hypothèse de linéarité dose/effet extrapolée aux fai-
bles doses était considérée par tous comme prudente (conservatrice) 
et que, d'autre part, les doses cumulées reçues sont faibles (quel-
ques rem pour plus de 10 ans de vie professionnelle). 

D'autres travaux posent maintenant les mêmes questions que 
celles soulevées par Mancuso: il s'agit des travaux de Najarian et 
Colton [NAJ 78] relatifs aux anciens travailleurs du chantier naval 
de Portsmouth où les sous-marins nucléaires étaient réparés et réap-
provisionnés en combustible. Pour un total de 1722 décès survenus 
entre 1959 et 1977, les auteurs ont pu analyser 529 cas. Le taux de 
mortalité par leucémie est 6 fois plus grand que celui attendu. Pour 
les autres cancers, ce facteur est réduit à 2. 

L'analyse de ces travaux montre qu'il est urgent d'examiner 
les risques des travailleurs actuels en partant des résultats acquis 
par les études portant sur les anciens travailleurs du nucléaire. 
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FIG.5. Variation de l'efficacité biologique relative en fonction de la dose. 

Un autre aspect du problème n'a pas été pris en compte: la 
variation du facteur de qualité, en fonction de la dose neutrons. 

Dès 1972, le rapport de l'UNSCEAR [UNS 72] çoulignait (pa-
ge 433) cette variabilité. Si l'on suppose arbitrairement que l'EBR 
tombe de 10 pour S rads à 1 pour 100 rads, on doit admettre que le 
risque associé à un rayonnement à TLE faible passe de 2 cas par mil-
lion par an et par rad pour 400 rads à 0,7 cas pour 60 rads. 

Plus récemment, Rossi, en comparant "les risques d'induction 
de leucémie [ROS 74] , [ROS 78] , a montré que le facteur de qualité 
augmentait quand la dose décroissait (EBR = 59 pour 1,1 rad) (fig.5), 
alors que les plus hautes valeurs de l'EBR suggérées par la CIPR 26 
sont égales à 20. 

3 - LA COUVERTURE SOCIALE DES MALADIES PROFESSIONNELLES 

En Europe, sur la cinquantaine de maladiesprofessionnelles, 
une douzaine seulement étaient communes, en 1962, aux six listes na-
tionales des pays de la Communauté, alors que: 

- le développement industriel est analogue, 

- l'information scientifique et médicale est bien diffusée, 
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- les société multinationales se multiplient et se développent en 

Europe, 

- les travailleurs se déplacent en restant souvent dans la même 

branche d'activité. 

Le tout se traduit donc par une disparité importante de la 
couverture sociale des travailleurs. La disparité des situations mé-
dico-légales des pays de l'Europe est préjudiciable pour les travail-
leurs migrants si les législateurs ne reconnaissent pas la même af-
fection comme maladie professionnelle. 

En France, la liste des affections induites par les rayonne-
ments n'a pas été modifiée depuis un quart de siècle (1955). On ne 
trouve pas dans cette liste les cancers classés par la CIPR (publi-
cation n° 14) [iCRP 69] comme étant relatifs à des organes hautement 
radio-sensibles : 

a/ la thyroïde (caractère déclaré établi) 
b/ le pharynx, le pancréas, l'estomac, le gros intestin (caractère 

déclaré apparent). 

Les critères de choix ne peuvent même pas s'expliquer, par ail-
leurs, par l'insuffisance des connaissances, car le tableau français 
des affections radioinduites énumère les différents symptômes pour 
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lesquels il définit sept délais allant de 7 jours à 15 ans, alors 
qu'en Italie, pour les mêmes affectionsle délai est uniformément 
égal à 10 ans. 

Les ouvrières de Newark (USA), qui se sont rendues tristement 
célèbres en peignant des montres à cadran lumineux, n'auraient pas pu, 
si elles avaient été françaises, être toutes couvertes par la'législa-
tion de leur pays, la France ne prévoyant un délai de prise en charge 
que de 15 ans pour le sarcome osseux, alors que les cancers les plus 
tardifs apparurent, pour certaines d'entre elles, 33 ans après la 
nuisance. 

De façon générale, on peut dire que, s'agissant de la santé in-
dividuelle des travailleurs, on est frappé par la modestie des propo-
sitions de la CIPR 26. Prenons, par exemple, le chapitre 93: 

dans les oas exceptionnels de travailleurs qui ont subi des ra-
dios en vue d'un diagnostic ou d'une thérapeutique impliquant une for-
te irradiation d'une partie du corps et dont le travail impliquerait 
une exposition importante de ces parties du corps, la situation pour 
le travail devrait être examinée par l'autorité médicale compétente. 
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et le chapitre 95: Dans le aas d'expositions médicales élevées (ex. 
pour une radiothérapie), ce serait les doses provenant de ces expo-
sitions qui prédomineraient et l'estimation des risques possibles 
d'effets non stochastiques (ex: sur le cristallin) serait du ressort 
des instances médicales chargées du traitement du patient plutôt que 
la tâche de celles qui sont responsables de la radioprotection en 
général. 

Ainsi, au lieu d'inviter le législateur à prendre des déci-
sions claires, la Commission se contente de considérer le problème 
comme une simple répartition de tâches entre la médecine indivi-
duelle et la médecine du travail. Lorsqu'on sait que la majeure 
partie des expositions médicales élevées concerne le traitement 
du cancer, les considérations de la Commission sur le risque de 
cataracte sont étonnantes: envisage-t-elle que l'on puisse lais-
ser en zone active un travailleur soumis à une radiothérapie ? 

3.1. Les travailleurs migrants 

Nous avons déjà examiné le cas des travailleurs qui vont tra-
vailler dans un autre pays. On envisage aisément, en Europe par 
exemple, des passages frontaliers d'équipes spécialisées dans la 
décontamination, l'entretien mécanique ou les opérations de char-
gement et déchargement du combustible. 

A l'intérieur d'un même pays, on observe souvent que la dose 
collective annuelle se partage entre les personnels de la centrale 
ou du centre de retraitement et les travailleurs des entreprises 
extérieures. Ces derniers voient leur part augmenter et devenir 
parfois majoritaire. Nous allons prendre deux exemples, en donnant 
le pourcentage de la part de la dose collective. 

1) Le centre de retraitement de La Hague (tableau V et fig.6): 

année 1972 1973 1974 1975 1976 1977 

entreprises 27,5 % 40,9 % 43,4 % 53,7 % 54,2 % 42,0 % 

personnel 72,5 % 59, 1 % 56,6 % 46,3 % 45.8 % 58,0 % 

Les doses collectives sont pratiquement égales, en moyenne, 
au cours des quatre dernières années. 
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2) Des centrales nucléaires (13) en Europe (fig.7): 
les données de bases sont extraites de [LUT 77] 

année 1970 1971 1972 1973 1974 1975 

entreprises 47,8 % 61,4 % 55,7 % 44,4 % 55,3 % 56,0 % 

personnel 52,2 % 38,6 % 44,3 % 55,6 % 44,7 % 44,0 % 

La part des doses collectives est légèrement supérieure chez 
le personnel des entreprises extérieures aux centrales nucléaires 
considérées. 

4 - LA CIPR 26 ET LA COMMISSION DES COMMUNAUTES EUROPEENNES 

Le 20 novembre 1978, la Commission des Communautés Européen-
nes, en s'appuyant sur la publication 26 de la CIPR, propose aux 
Etats Membres de la Communauté Européenne un texte législatif 
(Directives) . 

Cette proposition est faite alors que la publication 26 
n'est toujours pas traduite (mars 1979) en français et que, bien 
entendu, les travailleurs concernés résidant en France n'ont pu 
émettre le moindre avis sur l'ensemble de ce texte. 

Au moment où l'industrie nucléaire se développe massivement 
en entraînant dans son sillage un nombre croissant de groupes pro-
fessionnels, l'attention du législateur et des responsables de-
vrait être centrée sur les risques inhérents à une telle banalisa-
tion des technologies nucléaires. 

En évitant de recueillir l'avis des travailleurs, c'est-à-
dire des plus intéressés, les différentes autorités officielles 
françaises et européennes prennent une lourde responsabilité. 

La CFDT, pour sa part, prendra ses responsabilités partout 
où elle est impliquée. Elle fera connaître ses positions partout 
où s'élaborent les textes concernant les travailleurs et le public. 

5 - CONCLUSIONS 

L'examen des différents maillons de la production d'énergie 
d'origine nucléaire montre que l'on dépasse, et depuis quelques 
années pour de larges groupes professionnels, comme le personnel: 

- des mines d'uranium, 
- des centrales nucléaires, 
- des usines de retraitement, 
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la valeur moyenne d'équivalent de dose annuelle annoncée par la 

publication CIPR 26, soit 500 mrem/a (5 mSv/a). 

Le respect réel de cette valeur doit être exigé dans les 

textes législatifs. Ceci est d'autant plus important que l'augmen-

tation des niveaux d'irradiation et de contamination est observée 

avec le vieillissement des installations nucléaires. Une règle 

impérative devrait conduire à examiner ces problèmes dès la con-

ception des bâtiments et à repenser les postes de travail des ins-

tallations existantes. 

La CFDT craint de voir les responsables officiels prendre dans 

le texte de la CIPR, riche en nuances, les aspects les plus laxistes. 

Le problème des faibles doses doit être examiné en partant 

des résultats portant sur les travailleurs du nucléaire et pas seu-

lement sur les rescapés d'Hiroshima et Nagasaki. 

La'couverture sociale des maladies professionnelles doit être 

concrètement et rapidement égalisée dans l'ensemble des pays en te-

nant compte, d'une part des connaissances acquises mondialement, 

d'autre part de la fragilité socio-professionnelle des travailleurs 

migrants. 

/BEL70? 

^BEN777 

/ČFDT757 

ZCLA7§7 

/ f o u i s } 

R E F E R E N C E S 

BELBEOCH,R. , BELBEOCH, В . , LALANNE, R. , Ej^&ti ďzÁ ^алЫоЛ 
dots<H> dz ia.yonyiW2.nt, Fiche technique n°34, GSIEN, Orsay 
(1978) 

BENINSON,D., BENNET, В. , WEBB,G., CoZlZCtÁVÍ doAZ 
commitmznti {\fiom пис&гал рошел рП.одКаттеЛ, Nuclear Power 
and its Fuel Cycle (CR Salzbourg 1977), vol.4, AIEA Vienne 
(1977) 23 
Syndicat CFDT de l'énergie atomique, V iticJJlOm.CÂ.é.CUJie. 
m France, éditions du Seuil, Collection Po<Últí-Scu.ínceA, 
Paris (1975) 
CLARK,L., EMMERSON,В.W., WOJCIEKIEWICZ,E.A., A CAÁXtcOÍ 
t z v l m fatwm thz Ke.guLatxon position ol tkz contsiol oh 
occupational гхро-ьилг -in commeAdal пис1гал ^ueZ 
manu^actu/Ung and n.e.pn.0cutting planté ш the. United 
Kingdom, in International Conference of Radiation Protec-
tion in Nuclear Power Plants and the Fuel Cycle, Bristol, 
1978 - (CR à paraître) 

FOURCADE-CANCELLE, N. , Calcul dí VЛШйцИоЛХОП HXt&ind-
dam um mine. ďuAanium, Radioprotection, vol.10, n°l 
1975) 11-28 



4 1 2 ZERBIB 

/FRA75a? FRANCOIS,Y., PRÁDEL,J., ZETTWOOG,P., INCIDENCE. DEA 
~ пошел de. к.adiop/wtzction бил le mcuichû de l' илапшп, 

Radon in Uranium Mining (C.R.Groupe ďétude,Washington 
1973), AIEA, Vienne (1975) 15 

(/FRA75B7 FRANCOIS,Y., PRÁDEL,J., ZETTWOOG,P, DUMAS,M., Id ven-
tilation dans lei, т-спел ďuAanúm, ibid.p.73 

^GSI78/ Groupement des scientifiques pour l'information sur 
l'énergie nucléaire, Le fietjiačtment deA combustibles 
iýiAadíéA-Bilan et peAbpectiveÁ ,GSIEN, Orsay (1978) 

^HAN76J HANSEN,M., L'o^te ďuAantum, tendances actuelles,. 
Bull. AIEA, 1£, 5/6 (1976) 

/jeRP69/ ICRP, Publication 14, Radios insltivtt у and spatial 
cLiAtfilbution ol doéí, Published for the ICRP by Per-
gamon Press, Oxford (1969) 

{jACieJ jACOBi,w., InteApAetation o{) mecauAmenti In utanium 
тепел: dose, evaluation and biomidtcal cu>pe.cti, in La 
dosimétrie individuelle et la surveillance en ce qui 
concerne le radon et ses produits de filiation, OCDE, 
Octobre 1976( Elliot-Lake 

/KNE787 Kneale, G., STEWART, A., MANCUSO, T. F. , 4e.-anallJi<Lb 
o{5 data, relating to Hansard itudy o{, the canceA 
Ai&kA o{ >vxdiation mtikeAÁ, Late Biological Effects 
of Ionising Radiation (C.R. Coll. Vienne, 1978), 
Vol.1, AIEA, Vienne (1978) 387 

/LUT77/ L U T Z , н . R . , KUFFER,K., SCHENK,к. , Operating expenlmce. 
, with 13 tight wateA кеасХои -in Еилопе, Nucl.Saf. 1J3> 

5 (1977)666-75 
/MAN777 MANCUSO,T.F. , STEWART,A. , KNEALE,G. , Radiation expo-

лиле. o£ Han^ord worke/u> dying {,rom сапсел and otheA 
СШЬеЛ, Health Phys, 33_, 5 (1977) 369-84 

^HUR767 • MURPHY,т.о., HINS0N,C.S., Occupatio nnal radiation • 
ехрошгел at U1RS, 1 969-74, Nucl. Saf. Г7_, 5 (1976) 
622-25 

m 
/ßAJ78j NAJARIAN, i . , COLTON,T. ,Mortality ^rom leukemia and 

cance/l Ln ikipijOAd ШС1е.0А mnkh, Lancet, (13Mayl978) 
1 0 1 8 - 2 0 

^5si797 OSIPENCO,A. , доппгел relatives au retrattme.nt e.£-

£e.ctue. pa/L EuAochemic, communication privée (janvier 
1979) 

£>OC767 POCHIN, E.,, Eitimatton dz I' гхрол-ition de. la popu-
lation aux >laijonmmenti résultant de la production 
d'enexgle. nucléatre et provenant ďаиЛлел ьоилсел 
AEN-OCDE- Janvier 1976 



I A E A - S R - 3 6 / 2 7 4 1 3 

^PRA75/ PRÁDEL,J., ZETTWOOG,P., La fiadiopKo taction daVUs 
V zxtnaction et l e t&altment deb пспелалл in ind. 
Miner, (nov. 1975) 

IßESllJ RESNXKOFF,M. , Si&ÜlO. CÙlb tOAtmOVUJ Xelated to idd-
tíon VJ E Reprocessing Final Gesmo I (1977) 

/ Ř O S 7 4 / R O S S I , H . , K E L L E R E R , A . M . , The v a l i d i t y o{) fbUk eAti-
mateA о^ leukemia incidence ba&ed on Jарапеле data, 
Radi at. Res. 58_, (1974) 131 

^Řos 78/ Rossi,н., MAYS,с.w., Lzukmia nJj>\i ion. пгиХлопд, 
Health Phys. 34 (1978) 353-60 

^SEV7§7 SEVC,J., KUNZ,Е., PLACEK,V., Lung сапсел i n u/ianium 
mine/u and long-ttnrn екродиле to nadon dangteA pfto-
ductb, Health Phys.3_ (1976) 433-37 

/ŠTE787 STEWART,A., AYMÉ , S., Efáetb biologique* deA ^алЫел 
doiU, du fiayonnementi i o n l í a n t i , F i c h e t e c h n i q u e 
n°35, GSIEN, Orsay (1978) 

/TAY78/ TAYLOR,F.E., WEBB,G. A.M., Radiation (LXüOiUAH О {) the 
UK population, National Radiological Protection 
Board, NRPB-R-77 (Nov.1978) 

^ÜNS727 United Nations Scientific Committee on the Effects 
of Atomic Radiation Report to the General Assembly, 
Ionising radiation: LevsZi ( v o l l ) E^ecti (vol.2), 
Unit.Nat.publ.Ney York (1972) 

^UNS77/ United Nations Scientific Committee on the Effects 
o f A t o m i c Radiation, 19?7 KipoHt to the GeneAal 
AAAembly, with аппгхел, U n i t . N a t . p u b l . N e w Y o r k 
(1977) 





IAEA-SR-36/3S 

ICRP PUBLICATION 26 AS SEEN 
THROUGH A WORKER'S EYES 
Statement by Danish Metalworkers' Union 

B. WEILER-MADSEN 
Danish Metalworkers' Union, 
Copenhagen, 
Denmark 

Realizing that all highly developed communities need a constant and 
adequate supply of energy, DANISH METALWORKERS' UNION declared, at 
its 1978 Conference, that Denmark's future supply of energy should be spread 
over as many energy sources as possible, including nuclear energy. 

At the same time, the 1978 Conference demanded, as one of the conditions 
of use of nuclear energy, that employées be protected against radiation. 

For fulfilment of this condition we find ICRP Publication 26 a useful tool, 
with a few reservations. 

The basic rules as worded by ICRP are as follows: 

(a) "No practice shall be adopted unless its introduction produces a-positive 
net benefit." 

(b) "All exposures shall be kept as low as reasonably achievable, economic 
and social factors being taken into account." 

(c) "The dose equivalent to individuàls shall not exceed the limits recom-
mended for the appropriate circumstances by the Commission." 

Comments 

on (a) 

We claim the employees must have a say in the determination of the 
acceptable degree of radiation. 

on (b) 

We claim that unilateral, financial considerations must not result in the 
impairment of the safety of employees, and that the employees must be allowed 
co-determination in this respect. 

4 1 5 
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Our endeavours are centred on the ideal that a worker should be able to 
work, without risk of life, health or safety, for 8 hours a day, for 4 0 hours a 
week, for 4 0 years. 

on (c) 

This requirement has so far been met, given the existing limits. 
However, we reserve the right to demand that unit doses should be further 

limited should scientific authorities so advise. 
If the above claims are met, we think that work in the nuclear industry is 

as safe as work in the safest industries. 

The present Danish protection set-up 

The concept of 'safe work' is laid down in the Danish Working Environment 
Act, 1977, in the following terms: 

Section 1 : The background of the Act is to establish 
( 1 ) safe and healthy working environments in compliance with 

technical and social developments in the community; and to 
(2) guarantee that the employers can live up to the requirements 

for safety and health as recommended by the labour market 
organizations and the Danish Working Environment Control 
Board. 

Under the provisions of the above Working Environment Act all employers 
with ten or more employees shall set up a safety committee on which employees, 
supervisors and executives (the managing director) shall be represented. 

In addition, and in co-operation between Trade Unions and Employers' 
Confederations, trade committees have been appointed to investigate and 
improve conditions within their individual fields and to make recommendations 
for amendments and improvements to the Act. 

In Denmark, a special industrial health service is being established, with 
the main objective of preventing occupational diseases and, at the same time, 
treating occupational injuries through co-operation with general practitioners 
in clinics for occupational diseases. 

The supervising authority is the Danish Directorate of Labour Inspection, 
which Directorate is also supposed to advise and guide the Danish Ministry of 
Labour in improvement of the Act. 
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A short description of the establishment of a safety committee 
as provided for by the Working Environment Act 

For each department or unit of operation the employees shall elect a safety 
representative. Such representative and the supervisor shall form a safety group. 
The supervisor's participation is logical by virtue of his responsibility. 

If a firm has more than one department or unit of operation a safety 
committee shall be appointed to plan and supervise safety and health 
precautions. 

The safety committee shall consist of two safety representatives, two 
supervisors and the managing director or another executive appointed by the 
managing director. For daily supervision, advisory service and preparation of 
committee meetings the safety committee shall appoint a safety officer. 

If there is a nurse or a doctor on the staff of the firm, they shall also 
attend the committee meetings. 

After having been elected, a safety representative shall be given a 32-hour 
course forming a general introduction to the most important provisions of the 
Working Environment Act plus a briefing on the establishment and operation 
of the accident-prevention service. This general training can be followed up by 
special courses. 

Danish legislation has already placed conventional-energy safety and 
nuclear-energy safety under the same administrative authority. We do not think 
that the employees' claim for better information on radiation risk, protection 
and actual co-determination in their working environment has been met because 
conventional-energy and nuclear-energy accident-prevention services have not yet 
been co-ordinated in practice. 

This claim can be met only if 

( 1 ) present safety representatives are given supplementary training in accident 
prevention in the field of nuclear energy; 

(2) health-service personnel allow the safety representatives to co-operate in 
the work of such personnel; 

(3) the principle of election of safety representatives is maintained with, on 
the long view, safety representatives being financially independent of the 
employers. 

ICRP Publication 26 is a clear proof of the value of international co-
operation. General adoption of its recommendations may guarantee a uniform 
approach to and solution of nuclear-energy problems in the countries affected. 

Danish Trade Unions - and particularly the Danish Metalworkers' Union -
are known for their positive and far-sighted attitude to technological develop-
ment. However, the 1978 Conference of the Danish Metalworkers' Union 
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pointed out that it is essential that the Trade Union movement and its members 
be given a fair chance of really making their influence felt in the field of social 
and working consequences of new technology, including the introduction of 
new forms of energy. 

Finally, we call upon this forum actively to advocate international co-
operation in the field in question, not only on the academic level but also taking 
into direct consideration the workers affected by the rules laid down. 



DISCUSSION 

on papers SR-36/32 and SR-36/35 

O.F. PARTOLIN: I would like to say something about Soviet trade-union 
experience in the use of the ICRP recommendations. The main purpose of a 
trade union is to make sure that safe conditions are maintained for the workers. 
This task is carried out mainly by special inspectors. Checks are carried out at 
the design stage (taking into account the optimization principle), during the 
commissioning of a plant and throughout its operation, and in the subsequent 
analysis of any cases of plant failure. The technical and regulatory documentation 
relating to a plant is examined by qualified specialists from the research institutes 
for labour protection which are directed and financed by the trade unions. There 
are six of these institutes, employing more than 2000 scientists and engineers. 
The technical inspectorate is endowed with wide powers for applying sanctions 
(fines) in cases where the safety regulations are violated. A trade union has the 
right to halt work in a plant where an incident has occurred or even to close the 
plant down. The unions carry out research on radiation protection and the 
results are used to develop medico-legal,.methodological and regulatory documents. 
Some 14 publications have already been produced incorporating ICRP recom-
mendations. The unions are also involved in the preparation of a set of industrial 
safety standards which includes safety standards for industrial equipment and 
processes and standards for systems and equipment designed to protect workers. 
Another important role of the unions is in the training of the inspectors who are 
to monitor the observance of the safety regulations. 

E. KUNZ: Mr. Zerbib, from the first line in Table XIII, which shows the 
data of Sevc et al., you have deduced a lung cancer doubling dose of about 
39 WLM. However, from the second line in the same table one might derive a 
value of about 100 WLM. The point is that the ratio of the number of cases found 
to the number expected does not differ statistically between these two exposure 
groups. Moreover, the doubling dose will doubtless depend on age. This idea is 
expressed by risk factors for cancer induction and the factors deduced from the 
study you quoted are well within the range of values given by the 1977 UNSCEAR 
report. 

J.C. ZERBIB: It is true that for 80 WLM we are still in the doubling region 
because the mean value here is 1.6 and the extremes are 1.2 and 2.5. 

However, if we trace the variation of the ratio of the number of cancers 
found to the number expected as a function of WLM, we can see that a value of 2 
probably corresponds to 39 WLM. 

W.R. BUSH: Mr. Zerbib, you have concluded on the basis of a 1976 paper 
by Sevc et al. that an exposure of 39 WLM will double the incidence of lung 
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cancer. I believe this 1976 paper has been partially superseded by a more recent 
publication (Kunz et al., Health Physics, Oct. 1978, Letters to the Editor) which 
no longer supports such a low value. A doubling dose of 39 WLM is equivalent to 
a risk approximately ten times greater than the generally accepted best estimate 
for radon daughters. Mr. Dory (paper SR-36/7) has suggested that the present 
"best values" probably overestimate the true risk per WLM. It would not, therefore, 
seem justified to reduce the present limits. 

J.C. ZERBIB: Sevc et al. give 39 ± 1.2 WLM as the value for which (at 95% 
probability) the ratio of the number of lung cancers observed to the number 
expected is equal to 2. The range is from 1.1 to 4.6. It is true that reservations 
have been expressed about the way in which the WLMs were measured in both 
the American and Czechoslovak mines. I can only note these remarks. 

H.P. JAMMET: May I say first that Committee 4 of ICRP hopes that the 
workers' representatives will make known the difficulties they see in the applica-
tion of Publication 26. 

I have one other comment to make. It must be understood that the ICRP 
has not indicated any limit for mean exposure but has requested that statistical 
studies be made to show that the mean is well below the values for the most 
highly-exposed individuals. Committee 4 intends to examine the question of 
how such studies can best be made in practice. 

J.C. ZERBIB: CDFT will certainly pass on its comments to the Secretary 
of the Committee. 

We are well aware that the ICRP has only indicated the level of the mean 
dose equivalents. We disagree with this approach. The mean value for all nuclear 
power stations (which represent the largest part of the nuclear industry) is above 
0.5 rem per year. There is also a tendency for this value to rise as the age of the 
installation increases. 

The mean values given in our paper refer to all the workers in an enterprise. 
This means that both the most highly-exposed individuals engaged in production, 
decontamination, technical operation and radiation protection) and non-exposed 
personnel are included. 

V.K. GUPTA: I think that for the purposes of calculating average doses, 
a "radiation worker" will have to be defined on the basis of (inter alia) the 
sensitivity of the personnel dosimetry system and the actual exposure recording 
level. 

J.M. PRADEL: Mr. Zerbib, you said that the price of uranium has risen from 
$5 to $40 per pound of U 3 0 8 and you ask where the profits are going. I would 
just like to say that the increase in price is required largely to enable mines to be 
exploited which would otherwise be uneconomic. 

I also have a comment to Mr. Madsen, who said that all workers ought to be 
able to continue in employment for a period of 40 years. This seems to me to 
be difficult for certain heavy types of work such as mining, whether it be for 
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uranium, coal or iron. In France, miners retire at the age of 50; they therefore 
work for about 30 years, t 

P.F. PULLEN: Mr. Zerbib, you suggested that equal amounts of compensa-
tion should be paid throughout the world. Would it not be more realistic to make 
payments in relation to the standard of living in each country? 

J.C. ZERBIB: I was not asking for monetary compensation. If for example, 
after all possible technological steps have been taken, it is found that uranium 
miners are subject to an excessive risk of contamination from radioactive dust 
or gases, then their working time should be reduced. This method of compensation 
does not depend on the standard of living. 

J.A. REISSLAND: May I advocate caution in accepting the results of a single 
study, for example that of Mancuso, Stewart and Kneale which you quoted 
(Ref. [MAN 77] of the paper). This study has some strange features. Exposed 
workers were defined as those with more than 0.01 rad (lifetime accumulated 
dose) and the methodology has been widely criticized by epidemiologists and 
statisticians. The results show certain features which are implausible when 
applied to other exposures such as the background. You also referred to 
Nàjarian and Colton (Ref. [NAJ 78] of the paper). These authors did not know 
the doses involved and in any case their findings were in contradiction to those 
of Mancuso et al. for leukaemia (Mancuso et al. found a deficit but Najarian 
and Colton claimed a substantial excess among exposed workers). 

The Mancuso levels for radiation effects vary quite widely between their 
different reports. This has important implications in any attempt to estimate 
the accuracy of their results. I am not criticizing their objectives, only their 
premature and incomplete analysis of the data. 

J.C. ZERBIB: The cumulative doses used by Mancuso et al. vary from less 
than 0.08 to more than 5.11 rad. 

The work of these authors has been criticized and they have taken this 
criticism into account, for example in relation to the suggestion that if one death 
were moved down to a lower dose interval the results would be changed. The 
criticisms have been made the subject of another paper entitled "Reanalysis of 
data relating to the Hanford study of the cancer risks of radiation workers" 
(KNEALE, G.W., STEWART, A.M., MANCUSO, T.F., in Late Biological 

Effects of Ionizing Radiation (Proc. Conf. Vienna, 1978), IAEA, Vienna (1978) 
387). This paper shows that such transfers do in fact result in increases or 
decreases, depending on whether they are up or down. These fluctuations do 
not however affect the conclusions of the Mancuso report. 

The "deficits" in leukaemia occurrence are deduced from a classical analysis 
of the observed and expected deaths with the use of standard mortality rates. 
This method was not applied because the population of nuclear workers is not 
a standard one but is selected on the basis of good health. Mancuso has made 
a separate study of the deaths from cancer and other causes and the fraction of 
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cancer deaths has been found to increase with the dose (19.3% in the lowest 
group and 24.4% in the highest). 

I do not understand why scientists condemn a work just because it has been 
re-examined in the light of a first round of criticism. In my opinion, this re-
examination demonstrates rather the responsible attitude of the Mancuso team. 
I would like to remind you here of the way that Mr. Justice Parker dealt with 
this problem during the Windscale enquiry. He refused to hear Mrs. Stewart 
(an epidemiologist) and Mr. Kneale (a statistician) together and he was thus 
able to put statistical questions to Mrs. Stewart and epidemiological ones to 
Mr. Kneale. He thereupon concluded that Mrs. Stewart ought to revise her 
basic mathematics before she dealt further with the problem of the Hanford workers. 

In conclusion, may I say that it is important for the ICRP not only to 
take into account the results of investigations on the- atom bomb survivors 
but also to analyse data on workers in the nuclear industry. This must be 
done without prejudice. The a priori assumptions revealed by Mancuso et al. 
do nothing to increase the reputation of the scientific community. 

Steps must also be taken to ensure that data are collected and processed 
in such a way as to enable realistic studies to be made on nuclear workers 
and to see that the report by Mancuso et al. does not remain the only one 
of its kind. 

D. BENINSON: Mancuso et al. and the other papers you mentioned are 
being examined by Committee 1 of the ICRP; the subject is in fact on the 
Agenda for the meeting in September 1979. 

With regard to what you said about the variation of the relative biological 
effectiveness of neutrons at low doses, I think it should be noted that this 
results from the fact that the dose-response curve is linear for neutrons and 
curvilinear for gamma rays. Since the dose limit is derived from information 
on gamma-ray effects at high doses by linear extrapolation to the origin, and 
since the Q factor is the ratio of the slope of this extrapolated line to that of 
the line for neutrons, the neutron risk is certainly not underestimated. On 
the contrary, the risk from gamma rays would in fact be overestimated. 

H. BRUNNER: I have some comments I would like to make after 
twenty years of practical experience as a health physicist in a nuclear research 
laboratory. 

I agree with the trade unions that in many cases protection still needs to 
be improved. This does not, however, require additional limits or laws. The 
existing ones are quite sufficient. The problems must be solved case by case at 
a local level, with close co-operation between the authorities, management, health 
physicists and workers. We have to be careful, however, about combined 
decisions with workers. The workers are well aware of the fact that they operate 
under safe conditions and so they might be tempted to request financial com-
pensation for all doses. This would counteract any improvements in protection 
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because the employees would prefer extra money to lower doses. We have had 
practical experience of this with iodine workers who got extra pay for work 
which involved respiratory protection. When the situation was improved and 
masks were no longer needed, the workers tried to oppose any change in the 
conditions. 

We should not look at radiation risk alone but at the total risk of radiation 
workers. These risks can be reduced in a number of ways such as organizing 
work in controlled zones where smoking is prohibited ; this reduces the individual 
cancer risk more than the received doses increase it. Preventive planning is now-
adays reducing the risk of conventional accidents to such an extent that the total 
risk is lower than for other industries. By far the highest risk for any worker 
comes from driving his car from home to work and back. 

The radiation worker who receives 5 rem per year over 40 years is a myth. 
One reason has already been given by Mr. Pradel; namely that the worker will 
become medically unfit for heavy work around the age of 50 (like railroad 
engineers or pilots). If he does not, he belongs to a low-risk group with respect 
to heart disease and this compensates for any possible radiation risks. Secondly, 
practices, techniques and installations change and evolve over a time period of 
40 years. Finally, good workers want to make a career for themselves, either 
in their company or outside. Each step to a higher level means more management 
and less radiation work, so that the annual dose drops over the 40 years to one 
tenth or less of what it was at the beginning. 

In conclusion, may I urge that we remain realistic. 
O. ILARI: Mr. Zerbib, I should like to comment on your concern about 

the increasing exposure of workers in nuclear power plants and fuel cycle facilities 
resulting from the ageing of the equipment. Let me say first that increases would 
also occur as. a result of the accompanying rise in maintenance and in-service 
inspection requirements. This problem is under active study within NEA and 
a specific investigation was recently launched in co-operation with the IAEA. 
The purpose of the study is to collect (through an enquiry carried out within 
Member Countries) as much data as possible on the dosimetric situation and the 
occupational exposure trends in nuclear power plants and large fuel cycle 
facilities. This survey aims to cover the distributions of individual and collective 
dose equivalents in each facility over different groups of workers (operation, 
maintenance, health physics, construction, etc.) and the different operations 
(routine, maintenance repairs, refuelling, etc.) and to study the variation of 
these risks with time. 

We hope that the survey (to be completed by 1980) will enable us to 
identify more precisely than before the "critical" groups of workers, "critical" 
operations and "critical" plant systems and components, and thus provide a 
better data base for the study of facility design and operational procedures. 
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Abstract 

PRACTICAL IMPLICATIONS TO THE UNITED STATES NUCLEAR REGULATORY 
COMMISSION OF THE ICRP RECOMMENDATIONS (1977) . 

ICRP Publication 26, which became available in mid-1977, contains several recommenda-
tions on occupational radiation protection that would, if accepted, effect significant changes 
in the Nuclear Regulatory Commission's regulations. In this paper the practical implications 
of these changes to the Commission and its licensees are reviewed. Problem areas that are 
identified and discussed include changes in internal dose standards, the summation of external 
and internal dose, the deletion of quarterly dose-limiting standards, occupational exposure 
of women of reproductive capacity and pregnant women, ICRP emphasis on occupational 
radiation protection, and the use of SI units. 

1. CHANGE IN INTERNAL DOSE STANDARDS 

The United States Nuclear Regulatory Commission (NRC) regulations 
regarding exposure to radioactive materials, as set out in Title 10, Code of 
Federal Regulations, Part 20, are expressed in terms of intake. They are based 
on the calculated committed dose equivalent to the 'critical organ'. For example, 
iodine intake is limited so that it does not result in a dose greater than 300 m Sv 
(30 rems) to the thyroid in a year, at equilibrium, with no consideration being 
given to the lower doses received by other organs or the whole body. 

The control procedure recommended in ICRP Publication 26 would limit 
internally committed dose equivalent on the basis of overall risk to several 
affected organs. This risk must be no greater than that associated with the 
recommended external whole-body dose standard. In order to calculate the 
concentration value for an airborne radionuclide, the committed dose equi-
valent to each of the several organs is determined, each such dose is weighted 
by a factor W T according to the relative risk, and the results are added. The 
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sum must be less than 50 mSv (5 rems) whole-body equivalent risk per year 
and the (unweighted) committed dose equivalent to each organ must be less than 
500 mSv (50 rems) per year. This technique recognizes that a given radionuclide 
may contribute doses to a number of organs and provide a mechanism for 
summation of those contributions. The technique also provides a mechanism 
for summing the doses that would be received in the event that a number of 
different radionuclides are taken into the body. Most importantly, this tech-
nique provides for summation of 'risk' due to internal and external dose. The 
dose limits for stochastic effects are based on summed risks. In principle, we 
consider this approach useful and logical. 

The relative risk factors WT are based on new biophysical data which are to 
be presented in subsequent ICRP publications. In the absence of the detailed 
biophysical data (discussed below), it is difficult to determine whether the 
procedure recommended in ICRP Publication 26 is more or less conservative 
than current NRC requirements for control of internal dose commitment. It 
appears that the effect of the ICRP recommendations could be to increase 
slightly the amount of many radionuclides that may be taken into the body. 
Such a change seems unwise at a time when present limits are achievable and 
the numerical values of risk associated with exposure to ionizing radiation are 
uncertain. 

We do not expect the impact of this change to be great in the working areas. 
However, the need to calculate committed dose equivalent and total risk, rather 
than MPC-hours or intake will create problems. We believe that many NRC 
licensees may not have the technical capability to perform the required calcula-
tions and probably would have to be provided with extensive guidance or have 
to hire someone to perform the work for them. It may be feasible to incorporate 
the recommendations into our regulations in a manner that would permit the 
continued use of intake or MPC-hours by these licensees. Presumably such use 
could be somewhat more restrictive than the ICRP-recommended action. Further 
depending on the guidance that may be developed for Federal agencies in the 
USA by the Environmental Protection Agency and the resulting implementing 
amendments to 10 CFR Part 20 of our regulations, we anticipate that these 
ICRP-recommended actions may require significant increases in air sampling, 
in bioassay programmes, and in record keeping. 

In the procedure where WT values are estimated by summing all organ risks 
and normalizing this total to 1.0, adjustments may be required in the future on 
the basis of new risk assessments or new risk estimates for organs not previously 
considered. If these WT values are internal to the calculations of the annual 
limits of intake (ALI), the ALI values may not be readily modified to accom-
modate such changes. Also, the risks underlying the WT values are primarily 
the induction of fatal cancers. For thyroid irradiation, the low mortality rate 
may not be an adequate measure of the detriment. Further, only about half of 
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all cancers are fatal; thus, postulated non-fatal cancers constitute a substantial 
additional risk. 

Considerable concern has been expressed regarding the societal acceptability 
of certain implied organ dose limits which may be derived using the weighting 
factors. As noted above, those factors appear to allow increased dose to certain 
organs, when irradiated individually, which in practical application does not 
appear necessary. It has been suggested that the biophysical data being prepared 
by ICRP should be used to derive values for annual intake or limiting concentra-
tions in air that would result in annual committed dose equivalents no greater 
than those currently permitted. In view of the ability of the industry to meet 
the existing radiation standards, and the continuing question as to the risk 
associated with the doses at the existing standards, it would appear unwise to 
implement less restrictive control values. 

Concern has been expressed about the availability of new biophysical data 
on some (large) fraction of the nuclides that may be in use. We feel that all of 
these data must be available to the public prior to the promulgation of NRC 
regulations implementing the ICRP Publication 26 recommendations. 

2. SUMMATION OF EXTERNAL DOSE AND INTERNALLY 
COMMITTED DOSE EQUIVALENT 

Because of the technical difficulties involved, the regulations in 10 CFR 
Part 20 give one set of dose-limiting standards for exposure to radioactive 
materials (§20.103, in terms of intake or MPC-hours) and another for external 
dose (§20.101), with no provision or requirement for summation. ICRP 
Publication 26 provides a technique for the summation of external dose and the 
weighted internally committed dose equivalents and recommends one limit for 
the sum. This change is very desirable in principle. However, based on experience 
and the information available to us at this time, it appears that this change will 
be relatively unimportant from the standpoint of limiting the activity of individual 
workers. Apparently few workers receive significant doses from both external 
and internal exposure. However, a potential problem could develop in the 
implementation of the recommendation into the regulations. Again, the potential 
problem is one of added burden on licensees of additional monitoring (air 
sampling and bioassay), additional capability for personnel needed to perform 
the calculations and summations, and additional record keeping. 

ICRP Publication 26 recommends that records be kept only of those doses 
that exceed 10% of the annual limits. The use of such a criterion for the recording 
of daily, weekly, or even monthly accrual of external dose and internally com-
mitted dose equivalent would neglect a very high percentage of doses that are 
relatively uniformly distributed over time. Additional guidance is needed regarding 
increments of dose that may be neglected from day-by-day records. 
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The regulations in 10 CFR Part 20 (§ 20.202) currently require the provision 
of monitoring equipment if it is likely that an individual will exceed 25% of 
specified quarterly standards, i.e. 1/16th of the annual dose standards for 
external exposure. When assessment of an individual's intake of radioactive 
material is necessary, the regulations (§ 20.103(a)(3)) provide that intakes less 
than those that would result from inhalation for two hours in any one day or 
for 10 hours in any one week at MPC need not be included, provided that for 
any assessment in excess of these amounts the entire amount is included. 

3. DELETION OF QUARTERLY DOSE-LIMITING STANDARDS 

ICRP Publication 26 does not recommend any quarterly dose limitations. 
Informed members of the scientific community believe that there is little or no 
biological advantage, except for an embryo or fetus, in limiting the dose rate 
for annual doses to the order of 50 mSv (5 rems). However, in the absence of 
quarterly limits and the associated regulatory overexposure reporting require-
ments that give early indication of possible loss of control by a licensee and 
the opportunity to require correction of an undesirable situation, we are con-
cerned that a potentially inadequate safety programme may be allowed to 
continue for a year or until a routine inspection occurs. Also, the absence of 
quarterly limits, while providing additional flexibility to licensees to use their 
workers, increases concern for the potential overexposure of transient and 
moonlighting workers during multiple employments. 

ICRP Publication 26 would permit planned special exposures resulting in 
doses of up to 100 mSv (10 rems) whole body or equivalent provided that the 
situations occur infrequently, that only a few workers are so exposed, and that 
no worker receives more than 5 such special exposures in a lifetime. This 
provision would be useful on occasion to licensees in that it would permit the 
kind of flexibility to use employees to accomplish essential work that involves 
relatively high doses. The provision for special exposures would present complica-
tions for a regulatory agency in developing regulations and standards to imple-
ment the recommendation. 

4. OCCUPATIONAL EXPOSURE OF WOMEN OF 
REPRODUCTIVE CAPACITY AND PREGNANT WOMEN 

Paragraph 115 of ICRP Publication 26 states that when women of repro-
ductive capacity are occupationally exposed to radiation within the 50 mSv 
(5 rems) per year dose limit, and when this dose is received at an approximately 
uniform rate, it is unlikely that the embryo could receive a dose of more than 
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5 mSv (0.5 rem) during the first two months of pregnancy. ICRP indicates that 
this will provide appropriate protection during the essential period of organo-
genesis. From the standpoint of a regulatory agency, it is also necessary to 
consider conditions in which a woman of reproductive capacity may be exposed 
at a very non-uniform rate, e.g. a transient worker at a nuclear power plant. 
Thus the ICRP recommendations appear to be incomplete. 

Paragraph 116 continues by recommending that, when a pregnancy has 
been diagnosed, arrangements should be made to ensure that the woman can 
continue to work only in Working Condition B, that is, where the annual doses 
are most unlikely to exceed three-tenths of the annual dose-equivalent limits. 
The impact of these recommendations will depend on the way they may be 
implemented through regulatory requirements, if any. If licensees establish 
Condition A zones and exclude women from them during pregnancy or other 
times, this could have a significant impact on the employability of women and 
will constitute discrimination on the basis of sex. While recognizing the need 
to protect the embryo and fetus, the NRC has been advised by the United States 
Office of Equal Employment Opportunity that establishing dose standards for 
women that are lower than dose standards for men would violate existing laws. 

Following long and careful consideration of these matters the NRC has 
advised licensees to instruct women, their supervisors, and the co-workers of 
the risk associated with exposure to embryos and fetuses. It has also provided 
in Regulatory Guide 8.13, "Instruction Concerning Prenatal Radiation Exposure", 
the information that the Commission staff feels should be presented on this 
matter. The Commission has carefully avoided any differentiation between 
women and men in its regulations. 

5. ICRP EMPHASIS ON OCCUPATIONAL 
RADIATION PROTECTION 

The ICRP's emphasis on occupational radiation protection does not pro-
vide sufficient guidance for application to protection of the general population. 
For example, the stochastic risk values in Section D do not provide guidance 
related to the possible variation of biological sensitivity with age. This emphasis 
on the adult also influences the definition of the committed dose equivalent. 
For infants and other non-adult members of the general population, the 50-year 
committed dose equivalent may not be appropriate and longer-term values may 
be required. Hopefully, the forthcoming annual limits of intake (ALIs) and 
associated uptake and retention data will permit age-dependent committed dose 
equivalents to be readily calculated without having to resort to the original 
literature. 
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In paragraphs 43, 60 and 80 consideration of the genetic risk is limited 
to the first two generations. We do not agree with the rationale for this limita-
tion set forth in paragraph 43a of ICRP Publication 27, "Problems Involved in 
Developing an Index of Harm". It is our opinion that the genetic risk should 
consider the effects that may result in all subsequent generations. The ICRP 
indicates that this would require doubling of the risk assigned. 

6. SI UNITS 

ICRP Publication 26 replaces the so-called 'special units' (the rem, rad and 
curie) with a new set of units (the sievert, gray and becquerel, respectively). 
These new units are, and probably will continue to be, a source of irradiation 
to many and will complicate communications for years. We are uncertain as 
to the extent of the impact of the new units, but serious concern has been 
expressed regarding the potential for misunderstanding and overexposure of 
patients in medical diagnosis and therapy. 

However, it is the intention of the NRC to convert to the SI system at a 
rate at least paralleling that being achieved by USA industry in the various 
disciplines. 

DISCUSSION 

G. COWPER: The recommendations given in NCRP Report 39 are generally 
at least as restrictive as those now proposed in ICRP-26, especially with regard to 
the exposure of pregnant women. Since the NCRP recommendations have now 
been available for several years, would you care to comment on the extent to 
which they have been adopted in the USA? 

R.E. ALEXANDER: Following the publication of NCRP-39, the (then) 
AEC staff requested a decision from the United States Office of Equal 
Employment Opportunity as to whether lower dose limits for women could 
be set for workers in AEC-licensed activities. The reply was that lower limits 
for women would be illegal. The Department of Justice concurred. It was 
therefore necessary for the staff to take alternative action. It was agreed that steps 
should be taken to ensure that women were provided with the data on which to 
make an informed decision as to whether the risk to the embryo or foetus from 
the actual exposure conditions was acceptable or not. Subsequently, a regulatory 
guide was issued; this presents, in an easily understandable way, the information 
currently available on this risk, together with suggestions regarding the various 
options open to the women. Licensees have to provide copies of this guide to 
female workers, their supervisors and colleagues, in accordance with 10 CRF 
Part 19.12 of the NRC regulations. 
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D. BENINSON: I have two comments. The first is on SI units. The 
advantage in using these is that an overall consistency is achieved for all 
quantities. This advantage does not of course hold if the SI (metric) system 
is not in general use in some particular country. 

Secondly, the NRC decision to accept the summation technique (summing 
risks for internal organs) but to retain the old dose limits is internally inconsistent. 
Furthermore, it does not follow mathematically from the use of the summation 
technique that the permissible doses are higher. The limits are not values to be 
employed in design and planning. They represent the lower level of an auto-
matically forbidden dose region. This does not mean, however, that doses under 
these limits are automatically permitted. The limits are simply a boundary 
established in connection with optimization. 

G.W. DOLPHIN: May I say again here that Committee 2 of ICRP will be 
publishing all the data on which the values of ALI and DAC (derived air 
concentration) are based. This task involves the production of more than 
6000 tables and so the document will not be available for about 18 months. 

As Dr. Beninson said, the NRC decision to accept the principle of summing 
risks for internal organs but not to accept the W-j values and the single-organ 
doses proposed in ICRP-26 will lead to problems in logic. In this connection I 
would like to ask whether NCRP is likely to adopt the ICRP risk factors. 

R.E. ALEXANDER: The NRC staff has indicated its willingness to accept 
the principle of assigning W j values and using them in the calculation of ALI 
and DAC. However, the staff is not willing to use organ dose limits larger than 
those currently accepted in the United States. 

It is my understanding that ICRP Committee 2 has calculated DAC values 
for each radionuclide in two ways, (a) on the basis of stochastic effects and 
(b) f rom the non-stochastic limit. I also understand that the lower value will be 
published as the DAC in each case. The NRC staff could follow the same 
procedure, using present organ dose limits rather than the 50 rem per year 
employed by Committee 2. 

I believe that NCRP Scientific Committee 57 agrees in principle with the 
methods developed by ICRP Committee 2, but it is of course possible that it 
will assign different values to Wx-

J. VENNART: It is difficult to understand how NRC can adopt the system 
described in ICRP Publication 26 for limiting internal dose and yet retain the 
dose equivalent limits given in Publication 9. The value set in ICRP-9 for the 
whole body, the gonads and red bone marrow is 5 rem per year in each case. 
It is mathematically impossible to use the new system of restricting the sum 
of the weighted committed dose equivalents in individual tissues to the limit for 
uniform whole-body radiation if the dose limit for the whole body is the same 
as that for two of its parts! 
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W.R. BUSH: Dr. Alexander, I must say that I rather question the wisdom 
of specifying a lifetime limit (100 rem). The 101st rem carries the same 
incremental detriment as the first (although the detriment from the 101 st has 
less time to be expressed). The effect of enforcing a lifetime limit would be to 
deprive a worker of his right to stay in employment (within the annual limits) 
for as long as he wished, and it would not provide any benefit to society. 

R.E. ALEXANDER: The NRC staff is in total agreement with what you 
say. We are attempting to persuade the Environmental Protection Agency (EPA) 
to eliminate this requirement. Their objective is to reduce the individual risk 
to a level more closely approximating the lifetime risk of workers in industries 
generally considered to be safe. A significant number of workers in the United 
States move from one nuclear power plant to another carrying out maintenance 
tasks under high-dose conditions during outages. These workers are exposed 
to quarterly doses near the limit. There appears to be no reason to suppose that 
they will not continue in this employment for many years and perhaps for their 
entire working lifetime. I personally agree with the EPA personnel that the 
lifetime risk for such workers is too high, but I also recognize the serious interference 
with their careers that would be caused by a lifetime dose limit. I would therefore 
much prefer a lower annual limit of 2 or perhaps 2.5 rem, without any lifetime 
restriction. According to analyses submitted to the NRC by the United States 
nuclear power industry, compliance with an annual limit of this magnitude could 
be achieved without any significant increase in the collective dose. (At lower 
limits, very large collective dose increases are predicted as a result of operational 
inefficiencies associated with frequent crew changes.) 

H. BRUNNER: Does the introduction of a lifetime dose limit not nullify 
the practical advantages of the linearity concept, in that it will be necessary to 
maintain a continuous record of previous dose histories? 

R.E. ALEXANDER: The lifetime dose limit, as proposed by the EPA, would 
apply only to workers for whom the 5-rem annual limit was in force. Dose 
histories would have to be maintained for these workers, but the number affected 
would be relatively small. 

W.R. BUSH: Retention of the quarterly limit is also being considered in 
Canada for regulatory control purposes. Violation might require a report of the 
circumstances that led to the limit being exceeded, but no work restrictions are 
envisaged as long as the annual limit is observed. I would like to ask if any 
restrictions are imposed in the USA when either quarterly or annual limits 
are exceeded. 

R.E. ALEXANDER: If a worker's dose exceeds a quarterly limit, NRC 
regulations prohibit any subsequent occupational dose during that quarter. Our 
present regulations do not impose any annual limits. However, the 5-rem annual 
figure that has just been put forward for public discussion would be enforced 
in the same manner as the present quarterly limit. Thus the problem of career 
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interference would become much worse. We are anxious to see what the public 
response will be on this question. 

H. BRUNNER: Why do you not interpret your "quarterly limit" as a 
"reference or action level" in the sense of ICRP-26 rather than as a primary or 
secondary limit? 

R.E. ALEXANDER: If the Commission adopts the new proposed regulation 
on dose limits, the NRC staff will use the quarterly limit essentially as a reporting 
requirement to indicate a breakdown in a licensee's radiation protection programme. 
As I said, a worker receiving more than 3 rem in one quarter could not enter a 
restricted area again until the beginning of the next quarter. 

V.K. GUPTA: I would like to quote from ICRP-26 in support of the idea 
of adopting a lifetime dose equivalent limit: "In many occupations workers 
who are exposed near the dose equivalent limits are unlikely to receive such 
doses each year of their occupational life and it would be their expected lifetime 
dose equivalent that would indicate their total individual risk". This is an 
attempt to ensure the safety of an individual worker and it would have been more 
useful if a lifetime dose equivalent limit had been specified by ICRP. 

A.B. DORY: Dr. Alexander, have NRC or EPA considered establishing 
revised limits for radon daughter exposure? 

R.E. ALEXANDER: The present preliminary draft of the new EPA guidance 
to Federal agencies does not contain any special provision for radon daughter 
exposure, and NRC is not currently working on any amendments that would 
affect this type of exposure either. 

A.B. DORY: The establishment of different limits for the external exposure 
of different groups of workers (0.5, 1.5 and 5 rem per year) may be one way of 
incorporating the ALARA principle into regulations. However, since there is a 
strong possibility of compensation having to be paid for workers who exceed 
the limit, it seems to me that different treatment of different groups is politically 
and socially unjustifiable. 

R.E. ALEXANDER: The EPA draft specifies compliance with the ALARA 
concept within each of the dose limits proposed. Thus, establishment of the 
limits themselves would not constitute regulation of this concept. The EPA 
would leave each regulatory agency to develop its own plans for ALARA 
implementation. The NRC staff has already submitted its own plan to the 
Commissioners. Each licensee required by the Commission to perform personnel 
dosimetry, bioassays or air sampling would have to develop and implement an 
individual occupational ALARA programme and each programme would be 
reviewed by the staff and upgraded as necessary. In this way, the ALARA concept, 
which is already specified in 10 CFR Part 20.1(a), would become enforceable. 

I believe EPA personnel are keenly aware of the compensation problem 
you mention. It should be noted that the new EPA guidance will be published 
for public discussion and that a public hearing will be held before presidential 
approval is requested. A full airing of such questions is anticipated. 
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J.A. DENNIS: Will the EPA make any recommendation as to dose 
rates or annual doses above which personal dose meters must be worn? 

R.E. ALEXANDER: There is an indication in the present draft of the 
new EPA guidance that the individual dose for a worker should be determined 
if he or she is likely to receive more than 50 mrem per year. Although it appears 
likely that the actual value will be different, some recommendation of this 
type will probably be made. 

B. LINDELL: You mentioned that EPA is considering a set of dose limits, 
each corresponding to different justification requirements. One problem that 
has arisen in our discussion here is that people put so many different meanings 
on the term "dose limit". As I see it, the EPA proposal fits quite well with the 
ICRP recommendations. The 5-rem limit, which should only be approached 
after "extreme justification", is identical to the ICRP dose limit. The other limits, 
which should not be exceeded unless necessary, would correspond to the 
authorized limits that national authorities might set on the basis of the 
ALARA principle. 

I also wanted to say that the omission of the non-fatal effects in the ICRP 
detriment estimates is not as serious as it may seem. According to ICRP, 
"detr iment" is the mathematical expectation of the number of injuries (e.g. cancer) 
after weighting for severity of each type. ICRP has assumed that the ratio of the 
mortality to the morbidity rate may be taken as a crude approximation of severity. 
If the expected number of cancers is multiplied by that ratio, the product (the 
detriment) will be the number of deaths from cancer, which is what ICRP has 
assessed. It may seem a serious omission to leave out, say, the fifty per cent 
of the cancer cases that are curable, but these cases should be given a weight 
which is much less than that of a death from cancer, and therefore they are 
not as important in the assessment is it may first appear. 

A.N.B. STOTT: I agree with the NRC decision to abolish the distinction 
between fatal and non-fatal cancers. I do not think that a radiation worker will 
readily appreciate the distinction in risk between the two cases. Moreover, when 
this detriment is being taken into account in optimization studies, it may prove 
just as costly to deal with a "non-fatal" as a "fatal" cancer. In the particular 
case of a non-fatal thyroid cancer, for example, the cost of treatment and 
subsequent support of the patient may be very high. It is quite certain that 
no worker who develops a thyroid cancer which can be demonstrably linked to 
his work with radiation will spend the rest of his life a poor man! 

R.C. THOMPSON: There seems to have been some confusion between 
NRC and NCRP. NRC, the Nuclear Regulatory Commission, is a government 
agency. NCRP, the National Council on Radiation Protection and Measurements, 
like ICRP, is an advisory body with no statutory authority. Committee 57 of 
the NCRP is studying the problems of internal emitter limits, with the assistance 
of a number of task groups, and it would be premature at this stage to predict 
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whether, or to what extent, it will follow the ICRP approach. A number of 
task groups are working on risk factors for individual organs and I would be 
surprised if the numbers they arrive at were in total agreement with ICRP-26. 
I would guess that it may be a year before the NCRP report is issued. As was 
found in the case of ICRP Committee 2, it is difficult to produce a report on 
internal emitter standards before the basic policy on external exposure limits 
is established. 

H.P. JAMMET (Chairman): What are the limits set by EPA for non-fatal 
cancers caused by, say, chemical agents? 

W. MILLS: Perhaps I should try to reply to this, though I cannot say 
exactly what occupational standards EPA uses for non-radiological situations. 
In some instances the level is zero, as is the case of kepone. The EPA is 
attempting to develop a general cancer policy to control materials considered to 
be carcinogenic and radiation sources will be treated in accordance with this 
policy. It could be that some of the radiation levels may have to be lowered in 
order to do this. 

I might add that occupational standards for non-radiological exposures are 
set by the Department of Labor (DOL) in the United States and not by the EPA. 
For radiological exposures, the standards are promulgated by DOL and NRC in 
accordance with Federal guidance developed by the EPA and approved by 
the President. 

Y. NISHIWAKI: It is extremely important to compare the risk estimated 
for radiation exposure with the risk of non-radiation accidents in other industries 
or occupations, in order to obtain a proper feeling for radiation safety. However, 
the risk estimated for the radiation exposure level under normal conditions is 
the risk when accidents are ignored. In nuclear industries there are also non-
radiation risks associated with accidents (as in the case of other occupations) 
and the radiation risks can be considered as additional to these. Some people 
therefore think that the radiation risk level under normal conditions should be 
kept lower than the acceptable risk associated with accidents in other occupations. 
Since we are rapidly learning more and more about mutagenic, teratogenic, 
carcinogenic and other toxic chemical agents, there is some feeling in Japan 
that the justification of risks associated with radiation under normal conditions 
should be attempted by comparison with the risks associated with the permissible 
discharge of chemical effluents under normal conditions in other industries 
rather than through the optimization procedures in terms of monetary value 
as recommended by ICRP-26. I would like to ask Dr. Alexander what justification 
procedure is used by regulatory authorities in the United States for radiation 
risks under normal conditions. 

R.E. ALEXANDER: The present draft of the new EPA guidance on 
occupational radiation protection makes use of industrial accidental death data 
as well as information on non-fatal industrial diseases. An attempt is made in the 
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document to show that the proposed dose limits would, if received year after 
year, involve risks no greater than those commonly accepted in United States 
industries generally considered to be safe. 

H.P. JAMMET (Chairman): I would like to stress that it is important to 
adhere to the spirit of the ICRP-26 recommendations which make limits a 
secondary matter and give the principal emphasis to justification and optimization. 
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Abstract 

IS THE DOSE EQUIVALENT INDEX A PRACTICABLE CONCEPT FOR USE IN 

REGULATIONS? 

Additional limits are needed for supplementing, in regulations, the primary ICRP limits 

for effective dose equivalent and organ dose equivalents. In this paper quantities to be used 

for regulatory limiting of external irradiation are discussed. Possible quantities include 

exposure, air kerma, soft tissue absorbed dose, particle and energy fluence, and activity. 

These are compared with the absorbed dose index, and the dose equivalent index.. It is 

concluded that the index quantities may be practicable for regulatory limitation of the 

direct external irradiation of individuals. In contrast, other quantities may be preferable for 

limitation of radiation fields where there is a potential risk for the irradiation of persons, and 

in particular those close to a radiation source, e.g. a consumer product. The dose equivalent 

index, as presently defined, does not seem recommendable for general use. 

1. INTRODUCTION 

The international recommendations by the ÏCRP concerning limits for the 

dose equivalent to organs of the human body have been widely accepted. In the 

most recent recommendations [ 1 , 2 ] the concept of 'effective dose equivalent' has 

been introduced, i.e. the sum of weighted organ doses. The application of the 

new limits for the effective dose equivalent is less obvious and so far there has 

been but little experience of the implementation of these recommendations in 

national regulations. 

It is, in practice, impossible to assess routinely the organ dose equivalents 

and, hence, the effective dose equivalent. Thus, it is desirable to look for other, 

more easily assessed quantities, the limitation of which provides adequate 

protection. To overcome various problems with hi therto used quantities such as 

exposure, absorbed dose and dose equivalent, the dose equivalent index has been 

suggested. This paper will discuss how the index, and other pertinent quantities, 

can be used in regulatory limitation of external irradiation for three situations: 

( 1 ) Limits for the doses incurred by individuals; 

(2) Limits for the radiation field in an environment where there is a 

potential risk for the irradiation of persons; 

4 3 7 
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(3) Limits for the radiation field close to a radiation source, e.g. a 
consumer product. 

The only ionizing particles considered are photons, electrons and neutrons. 

2. QUANTITIES AND CALIBRATIONS 

The quantities to be used in legal texts have to be strictly defined. Further, 
well-established methods for the calibration of measuring instruments should 
be available. In this section the most important quantities are briefly surveyed. 
Their definitions have been given by the ICRU [3 -4 ] . 

2.1. Fluence, exposure, air kerma and activity 

The quantities fluence, exposure, air kerma and activity are well-defined 
and calibrations are available. The particle fluence has been used for instance 
in calibration of personal monitors for neutrons. For photons between 60 keV 
and 1 MeV the energy fluence is closely correlated to exposure, air kerma, and 
superficially absorbed dose in soft tissue. Below 60 keVit is correlated to the effective 
dose equivalent [5]. Exposure and air kerma for photons are easily measured 
and calibrations are available. Activity can be used for limits in specified 
situations, for instance pertaining to the ceramic source used in an industrial 
smoke detector, and calibration is fairly straightforward, at least for photon sources. 

2.2. Absorbed dose in tissue-like materials 

Absorbed dose is, in radiation protection, normally specified for soft tissue, 
sometimes also for bone or fat. The absorbed dose in an organ irradiated by 
neutrons or photons can be determined by a variety of methods with sufficient 
international consistency [6—11 ]. For beta radiation, only the dose in soft 
tissue near the body surface is of interest. Calibration can be obtained at several 
national standards laboratories [12]. 

The integral of the absorbed dose over the irradiated mass of tissue is the 
energy imparted to this mass (strictly, mean energy imparted). Assessments 
of the energy imparted have been used in medical irradiation of patients [13]. 
It can be estimated with reasonable accuracy from a measurement of the 
exposure area product. 



IAEA-SR-36/31 4 3 9 

2.3. Dose equivalent in body organs 

The dose equivalent is obtained by multiplication of the absorbed dose 
by an appropriate quality factor [1 ]. It has been argued that calibration in the 
traditional sense cannot be performed, since the dose equivalent depends on 
non-physical quality factors, which might be changed when new information 
on the dose-risk relationship becomes available. From a regulatory point of 
view, however, it is sufficient to specify the conversion factors applicable, and 
in the event of change, to specify amendments. 

If a change of quality factor is believed to be imminent, it might be more 
appropriate to limit the absorbed dose instead of the dose equivalent. A topical 
example refers to the indications [14] that low-energy X-rays may be biologically 
more efficient than reference X-rays, whereas the present quality factor is 
Q = 1 for all X-rays. 

2.4. Absorbed dose index and dose equivalent index 

The absorbed dose index and the dose equivalent index [15] refer to the 
maximum value of the quantity within a soft tissue sphere of radius 0.15 m. 
The deep index refers to the maximum value in an inner sphere of radious 0.14 m. 
The shallow index refers to the maximum value in the outer shell, at greater 
depths than 70 д т . 

According to the definition of the index, the whole spherical region has to 
be searched in order to find a maximum value. This is particularly justified 
with high-energy photons where a large extension of the absorbing medium is 
essential to account for build-up effects at small penetration depths. As has 
been stressed by White and Francis [16], difficulties are caused by the fact that 
the dose equivalent index is not an additive quantity: "This means that where 
the radiation environment varies in energy or angular distribution with time 
and position, the resultant dose equivalent index is not the integral of the dose 
equivalent rate with time, since the position of the maximum dose equivalent 
rate within the ICRU sphere also varies with time and position". 

In view of what was stated previously, the dose equivalent index does not 
appear to be a very 'practicable' quantity. A proper measurement is a cumbersome 
undertaking and there is not much experience of such measurements. However, 
it has been argued that an accuracy sufficient for many practical situations can 
be obtained in a much simpler way. International guidance on calibration 
procedures for simple dose meters seems necessary before the dose equivalent 
index can be introduced in the radiation protection regulations. 
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3. PRIMARY LIMITS AND OTHERS 

3.1. Primary, secondary, derived and authorized limits 

For restricting stochastic effects, the ICRP recommends primary limits for 
the effective dose equivalent, i.e. the weighted sum of dose equivalent in organs. 
For restricting non-stochastic effects, primary limits are recommended for dose 
equivalents in organs. 

It is, in most situations, impossible accurately to determine the dose 
equivalent in all organs of interest. The effective dose equivalent may thus be 
regarded a theoretical concept, useful mainly in calculations. This is recognized 
by the Commission, which therefore recommends secondary limits for restricting 
stochastic and non-stochastic effects. 

The ICRP also suggests limits for other quantities, which are called "derived 
limits" if they are related to the basic limits by a defined model of the situation. 
Further, there may exist limits established by a competent authority or by a 
management. They are called by the ICRP "authorized limits". 

3.2. Regulatory limits 

Limits set in a regulation which are intended to restrict the irradiation of 
human beings will in the following be called regulatory limits. For regulations 
which do not directly aim at restricting human exposure, but rather specify 
equipment properties, the dose equivalent index is not practicable and should 
not be used. 

For signatories of the ILO convention [17], the regulatory limits should 
as far as reasonable be consistent with the ICRP recommendations. When the 
limits directly pertain to the doses received by an individual, they may be 
equal to the primary limits of the ICRP. However, even if the primary limits 
are regarded as giving the individual an adequate protection, there are reasons 
to set lower limits: 

( 1 ) Optimization may show that doses as high as those corresponding to 
the primary limits should not reasonably occur. 

(2) The regulatory limit is an important means for informing the personnel 
about the highest radiation risk expected for their category and should 
thus not be set higher than necessary. 

(3) A category of individuals may be exposed in a practice — subject to 
limitation — only during a fraction of the annual working time, 
and margin must be provided for other occupational exposures. 

(4) When the irradiation from sources such as consumer articles is to be 
limited, the possible exposure of the individual to a number of different 
sources must be considered. 
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The primary limits of the ICRP presently concern three independent cases: 
dose equivalent to the lens of the eye, dose equivalent to other organs, and 
effective dose equivalent. In a given situation, one of the three limits will prove 
to be the most restrictive, for instance the skin dose equivalent at low photon 
energies and the effective dose equivalent at high ones. It is often possible to 
simplify the regulations and give one limit only, traceable back to the most 
restrictive primary limit. 

4. REGULATORY LIMITS FOR DOSES TO AN IRRADIATED INDIVIDUAL 

4.1. Applicability of the dose equivalent index 

Obviously the index sphere was chosen to simulate the human trunk. The 
index may not be suitable for giving sufficient protection for small parts of the 
human body such as fingers. With multidirectional irradiation the sphere of 
0 . 1 5 m radius may be self-shielding to a much larger extent than small parts of 
the body. In commonly encountered situations these may receive a dose 
equivalent up to, in theory, a factor of 2 higher than that of the receptor sphere. 
In most practical situations, the dose limit for small parts of the body will be 
the most restrictive one only for radiations of such low penetrating power that 
significant attenuation will occur even in these small parts. For instance, with 
photons, the over-exposure of the surface of a spherical receptor with a radius 
of 5 mm will be less than 45% [5]. 

Excepting situations like those discussed in the preceding paragraph, the 
dose equivalent index should be a fairly accurate measure of the maximum 
dose equivalent occurring in human beings. However, the dose equivalent index 
is in most situations a conservative estimate of, rather than an approximate 
value for, the effective dose equivalent. 

In order to demonstrate compliance with limits for the dose equivalent 
index, a method for routine assessment is needed. As the conditions probably 
are non-static, certain difficulties have to be considered when an accurate value 
is wanted. However, for many practical situations the dose to a personal dose 
meter worn on the chest under 1 g/cm2 of tissue-equivalent material should be 
a reasonable approximation to the deep dose equivalent index. Calibration 
should be performed with the radiation perpendicularly incident. 

When personal dose meters are calibrated in such a way that approximate 
values for the deep and shallow dose equivalent indices can be evaluated, the 
regulatory limits could be directly applied to these dose meter values. 



4 4 2 HOLMBERG et al. 

4.2. Limits for personnel working with dental X-ray equipment 

In Sweden, ordinary dental radiography is performed using a rather narrow 
range of radiation qualities, with peak potential differences between 50 kV and 
70 kV, and half-value layers between 1 mm and 2 mm of aluminium. The 
personnel actuating the exposure are observing the patient and are thus facing the 
radiation source. Under these conditions, the most restrictive of the ICRP limits 
demands that the effective dose equivalent amounts to less than 50 mSv/a. 
Because of attenuation in the body of the persons exposed, this corresponds to 
a deep dose equivalent index less than 200 mSv/a [5]. As mentioned in 
section 2.3, however, there are indications that low energy X-rays may be 
biologically more efficient than reference X-rays. In the case of dental X-rays, 
a factor of 2 for additional protection might seem appropriate. The deep absorbed 
dose index should then be limited to less than 100 mGy/a, anticipating a possible 
future change of quality factor. 

A lower limit than this may be derived from optimization considerations. 
The Swedish dental X-ray protection regulations were recently revised to satisfy 
an optimization criterion corresponding to a spending of 100 000 Swedish 
crowns (about 20 000 US dollars) per man-sievert saved. Under the new regulations, 
it is anticipated that the mean effective whole body dose to dental X-ray personnel 
would be well below 0.5 mGy/a. If the distribution approximates the UNSCEAR 
reference distribution [18], very few persons would obtain doses above the tenfold, 
that is 5 mGy/a. This would correspond to deep absorbed dose index values 
below 20 mGy/a. 

Thus, in this case it might be appropriate to limit the deep absorbed dose 
index, rather than the deep dose equivalent index, because formally there is no 
agreement upon a quality factor different from 1 for photons. The limit could 
be set between 20 mGy/a and 100 mGy/a depending on the weight given to 
the optimization considerations. 

4.3. Limits for members of the public exposed to released 85 Kr 

As an example of individuals exposed to different types of radiation the 
release of beta-emitting 85Kr is considered. Hypothetically it is assumed that 
the krypton is released from a large reprocessing plant treating the fuel from 
100 large light-water reactors and that all of the 85Kr is released, as in present practice. 

The dose equivalent due to 85Kr in the skin, at a depth of 50 pim, of an 
individual at 1 km distance from the plant will be about 5 mSv/a, and the effective 
dose equivalent about 0.05 mSv/a (calculated using data from UNSCEAR [18]). 
The latter would probably be considered a sufficiently small fraction of the 
long-term goal of 1 mSv/a for the limit for exposure of individuals in the general 
population. In contrast, in this case the skin exposure of 5 mSv/a might be 
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considered to have barely enough margin to the presently recommended limit 
of 50 mSv/a for non-stochastic effects. It might thus be wise to base the release 
limit on limits for the effective dose equivalent and for the skin dose, or the 
shallow dose equivalent index. There seems to be no need for the limitation of 
the deep dose equivalent index. 

5. REGULATORY LIMITS FOR THE RADIATION FIELD 

5.1. Applicability of the dose equivalent index 

The dose equivalent index may seem ideal for the limitation of the radiation 
field in environments to which human beings have access: It gives a measure of 
the dose equivalents which can be caused by the radiation field. 

However, the non-additivity, cf. section 2.3, causes significant measuring 
problems in complex radiation environments, with variations in radiation 
energy and angular distributions from point to point. These difficulties do not 
occur with receptor-free quantities. The ICRU has argued [ 15] that reference 
to such quantities would hamper the incentive to make accurate measurements 
of the required quantity, the maximum dose in the body. The simpler and 
apparently more accurate measurement would conceal the inaccuracy in the 
interpretation of the measurement result. 

The necessity of such an interpretation of the radiation field may, however, 
be challenged, as far as regulations are concerned. Regulatory limits for the 
radiation field are a supplement to limits for individual doses, not a replacement. 
They are mainly intended to give simple and easily understandable rules of thumb 
for operational radiation protection. Generally, it should be possible to apply 
ample safety margins. Frequently, the limits may, through practical experience, 
be correlated to limits for individual exposure. When there is a need to push 
the limits, special examination should be warranted in each case. 

In isotropic irradiation the index sphere is shadowing a point on its surface 
by one-half of the 4ir solid angle. A receptor-free quantity such as exposure, 
kerma or fluence might therefore overestimate the value of the quantity at the 
surface of the sphere by a factor of less than 2. This is counteracted by the 
neglecting of the backscatter factor which, in common cases, may reach a value 
of 1.5. With monodirectional irradiation, no self-shielding occurs and only the 
backscattering enters. The resultant uncertainty of about ± 50% should hardly 
rule out the case of receptor-free quantities for regulatory limitation. 

In the choice between possible quantities, a main advantage of the indices 
is that they relate to the quantities most likely to be used for limiting individual 
exposure. A possible solution for preserving this advantage might be to use 
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the indices but accept far-going simplifications in the calibration and measurement 
procedure. Such simplification could include the acceptance of a lack of 
attenuating material in an index meter. 

5.2. Restricted area in industrial radiography 

Industrial radiography often takes place in large work-places, such as 
shipyards, and with exposures lasting several minutes. It is then necessary to 
restrict admittance of nearby workers to the area nearest to the radiography 
source, and also to specify a maximum exposure rate for the place near the 
operating panel occupied by the radiographer. Swedish regulations have so far 
implied limitation of the exposure rate to less than 2 mR/h and 6 mR/h, respectively. 

With the penetrating radiations used, the deep dose equivalent limit will 
be the most restrictive one. The corresponding deep index limits would be 
about 30 juSv/h and 100 /uSv/h, respectively. The probable annual occupancy 
times near the limit would be less than about a few hours for nearby workers, 
and less than a few hundred hours for the operator. Thus, the annual deep dose 
equivalent index from the radiography should be less than 0.1 mSv for the 
workers and well below 50 mSv for the operator. Precise estimation for the 
nearby workers will not be necessary. For the operator, personal monitoring is 
required and will fill the need for more accurate evaluation. In this case field 
limitation using exposure rate, air kerma rate or energy fluence rate serves well. 
Alternatively, a simplified version of the dose equivalent index rate might be used. 

5.3. Neutron generator in an apartment house 

A Swedish research institute wanted to house a 14 MeV neutron generator in 
the basement of an apartment house. Obviously, the radiation leaking to the 
ground floor apartment had to be limited very strictly. 

In this case, monitoring at several points in the ceiling was used. Radiation 
protection requirements restricted significantly the operation of the neutron 
generator, so a careful choice of quantities was important and optimization 
was unlikely to lead to low regulatory limits. A reassessment of the limits 
should start from the effective dose equivalent to be expected at the point in the 
apartment with the highest exposure. Full-time occupancy should be assumed, 
and the annual limit for the effective dose equivalent should be a small fraction 
of 5 mSv, say 0.5 mSv. This value seems acceptable since it was known that in 
reality the occupancy factor was well below 1. At the location of the dose meters 
the annual effective dose equivalent should be less than 15 mSv, accounting for 
shielding and distance. Regulatory limitation and monitoring for this could be 
based on exposure (for photons) and tissue kerma in free air as measured by a 
dose meter as was actually done. The reassessed limits derived for these quantities 
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are significantly higher than those actually applied. Again, several other 
quantities could just as well have been used in the regulations, such as neutron 
fluence. The choice could be governed by what was most practical from the 
monitoring point of view. The deep dose equivalent index does not enter 
naturally as a practicable concept. 

6. LIMITS ON RADIATION SOURCES 

Limitation directly centred on the radiation source is particularly relevant 
for not too strong sources distributed in large numbers and subject to little 
surveillance by competent personnel after sale. Examples are photon sources 
such as electronic tubes in TV sets, and electron sources such as luminiscent 
paint in consumer products. We are not aware of any neutron sources in 
this category. 

6.1. Applicability of the dose equivalent index 

It is not possible to specify the value of the dose equivalent index 'close to 
the surface' of a source, as the index refers to the maximum value in a sphere 
with 0 . 1 5 m radius. Thus, the index should be specified at a point not closer than 
0.15 m. When non-stochastic effects are considered, this brings some problems. 
For small sources, doses to specific parts of the body such as the hands may 
increase rapidly as the source is approached. If the approach of the index sphere 
for instance into surface cavities is obstructed, additional safety margins will 
have to be applied in the limitation of the index as specified at 0.15 m from the 
surface. Such safety margins could be applied in individual cases, which would 
probably be rather scarce. This appears to be the mošt practicable approach for 
the use of the index. Alternatively, the index concept could be extended to 
include a smaller sphere or the possibility to regard the obstructing parts of the 
sphere as non-existent. 

Another problem relates to averaging over a measured area. In its 
recommendations relating to X-ray equipment the ICRP gives a limit on the 
maximum exposure at e.g. 0.05 m from the tube and adds that it is adequate 
for measurements to be averaged over an area of 0.00 Í m2. Averaging the index 
at 0.2 m distance over a corresponding area will not yield a similar effect as the 
index value may well be the same over that area even with a narrow radiation 
beam. This is due to the fact that the measuring point cannot be chosen at will 
in the sphere, the cross-section of which is much larger than the 0.001 m2 area. 
The regulations should thus in such cases permit supplementary interpretation of 
the indices. The shallow index could then be defined as the highest value of 
the dose equivalent as averaged over 0.001 m2 at any given distance between 
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140 and 149.93 mm in the index sphere. Depending on the circumstances, the 
deep index could be defined accordingly or related to an averaging over the 
whole inner sphere. 

6.2. Photon sources 

Limits for the shallow as well as the deep dose equivalent index may rather 
directly take into account the different hazards caused by differences in penetrating 
power of photon radiations. As an illustration we may consider the setting of 
limits for apparatus emitting unwanted radiation. The ICRP [19] recommends 
for consumer products, e.g. television sets, a limit of 0.5 mR/h for the exposure 
rate, at a position of 0.05 m from the outer surface. This limit may seem unduly 
permissive for an unspecified radiation quality and the rationale for it, of course, 
is the assumed low energy of the radiation emitted. 

For antero-posterior incidence the shallow dose equivalent index limit will 
probably be the most restrictive [5]. The figure of 0.5 mR/h corresponds to a 
shallow index rate of about 0.005 mSv/h. For the general public, a shallow index 
value of a fraction of 50 mSv/a is permissible, say 5 mSv/a. Exposure at the 
cited rate for about 1000 hours per year or 3 hours per day would thus be 
permissible. The effective dose equivalent will be less than 0.1 mSv/a, which 
should be sufficiently far below the primary limit of 1 mSv/a. Experience has 
shown that it is possible to keep exposure rates well below the limit of 0.5 mR/h. 

In similar cases, limitation of the shallow and deep indices seems to be 
practicable. Measurements could be done during type tests and should present 
little problems. The simple irradiation geometry and the little side-scattering make 
a smaller detector than the index sphere permissible. In fact, a much simpler 
concept than the dose equivalent index could also be used. If, for instance, the 
penetrating power of the photon radiation is known, limits could be set for the 
kerma in air. 

6.3. Electron sources 

Even 'pure beta sources' emit bremsstrahlung, and when the source is to 
some extent shielded, the photon component may well be the most important. 
Thus, it is essential that the quantities used for limiting beta sources are applicable 
to electron as well as photon emission. 

Limits on beta sources are sometimes given without discriminating between 
radiations of different kind or energy. A single dose limit, originally intended for 
gamma radiation, may imply large safety margins when the beta component is 
predominant. The use of the dose equivalent index offers the possibility to 
set adequate, and different, limits for the deep and shallow indices. 
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As examples of beta sources, thickness gauges may be mentioned. At a 
distance of about 1 metre, typically 95% of the dose to a small tissue specimen 
may be caused by beta radiation. If the limit on the deep dose equivalent index 
were a factor of ten lower than the shallow index limit, the latter would be the 
most restrictive. Thus, limitation of both indices is essential. 

In this case the measurement geometry is well defined and distances of a 
large fraction of one metre are of interest, so compliance testing and associated 
calibrations should be well practicable. 

7. DISCUSSION AND CONCLUDING REMARKS 

The maximum dose equivalent in the body became a quantity of primary 
interest when the concept of critical organ was introduced in the ICRP 
recommendations. The dose equivalent index was conceived of in 1971, but did 
not meet much response during the six years that passed until the concept of 
critical organ was abandoned. 

With the new ICRP recommendations the effective dose equivalent and 
doses to separate organs are of interest. Either the effective dose equivalent 
of the dose to an organ will be restricting. With external irradiation, few practical 
situations seem to exist where interest is focused on the dose to only one 
organ not close to the surface. The skin is the specific organ of greatest interest. 

It is not obvious that, conceptually, the deep dose equivalent index is well 
suited as a substitute for the effective dose equivalent. For instance, it is not 
clear to which point the index pertains. In many situations it is not to be looked 
upon as at all approximating the effective dose equivalent. However, from a 
practical point of view the index seems useful. For many practices it should not 
be difficult to assess the index to an individual. By a requirement that the dose 
equivalent index shall be assessed it is assured that the doses are monitored in a 
standardized way. Further, by requiring that the non-stochastic limit should 
apply to the deep dose equivalent registered by monitoring, compliance with 
the limits is easily checked. 

Similar arguments apply for registering of the shallow dose equivalent index 
and applying the limit for the skin dose. 

However, the application of the indices in restricting radiation fields does 
not seem very well motivated. Even if the index, from a conceptual point of view, 
is ideal for this purpose, considerable difficulties arise in the procedure of 
measurement. Thus, for instance, when only photons are of interest, the more 
easily monitored receptor-free quantity kerma in air should be very useful. It 
seems necessary to introduce far-going simplifications in the measurement of 
the index. Alternatively, quantities that may be accurately determined could 
be used, and the unavoidable approximations are then introduced when the 
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index is evaluated from these data - if a knowledge of the index is regarded 
as essential. 

It would be valuable for practical radiation protection work if concepts for 
assessing radiation fields were generally agreed upon and if these concepts were 
to comprise several of the advantages of the dose equivalent index: 

A close connection with the quantities used for the primary ICRP limits. 

Applicability to all types of radiation. 

Differentiation for separate assessment of deep and shallow irradiation impact. 

The conclusion of the present paper is that the deep and shallow dose 
equivalent indices seem useful for expressing doses to individuals in a standardized 
way, and that they seem unambiguous and versatile but not very practicable for 
expressing the strength of a radiation field. 
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Abstract 

PRACTICAL IMPLICATIONS OF THE CONCEPT OF DOSE EQUIVALENT INDEX. 
The concept of dose equivalent index (DEI) has been introduced by the ICRU to meet 

the need for the characterization of ambient radiation levels in terms of dose equivalent to 
the human body. The ICRP considers the deep DEI to give a conservative estimate of the 
effective dose equivalent and thus proposes the index as a secondary limit. With a mathematical 
exposure model, dose equivalent to the human body and the DEI have been calculated for 
external photon radiation. The assumptions of the ICRU and ICRP have been checked and 
some ideas for the practical use of the concept of DEI are presented. 

1. THE ASSESSMENT OF DOSE EQUIVALENT TO 
THE HUMAN BODY 

Dose equivalent within the human body, resulting from exposure of a person 
to external photon radiation, cannot be determined directly. Therefore one has 
to use exposure models, i.e. arrangements by which the distribution of dose 
equivalent can be measured or calculated within a tissue-equivalent man or 
woman phantom for irradiation conditions of interest. 

To carry out this task in a rigorous way, it is necessary to know the following 
irradiation parameters: 

radiation quality, 
spectral energy flux at the location of the exposed person, 
distance between the source of radiation and the exposed person, 
size, form and position of the irradiated area on the human body, 
direction of incidence of radiation, 
exposure time. 

The measurement or calculation of the distribution of dose equivalent by 
such models represents the most precise, but at the same time the most difficult, 
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time-consuming and expensive method of dose assessment. In practical cases 
this kind of effort is only necessary for special situations, e.g. when measures 
are also to be taken following radiation accidents. 

In routine radiation protection, as for instance if one wants to know 
whether dose equivalent limits could be or have been exceeded, it is important 
that the assessment of dose equivalent to certain parts of the human body can 
be made quickly and easily. 

In most practical cases of radiation protection the assessment of dose 
equivalent can be carried out by application of conversion factors. They are 
ratios between dose equivalent to the human body and measurable quantities, 
established with a physical or mathematical exposure model for a set of irradia-
tion conditions common in routine radiation protection. Provided that a 
practical case lies within the range of irradiation conditions tabulated in the 
data sets, one can calculate the dose equivalent of interest as the product of the 
measured quantity with the appropriate conversion factor. In former times 
conversion factors have been determined mainly by physical exposure models [ 1 ], 
while recently they have been established also with mathematical methods [2-7] . 

2. THE EFFECTIVE DOSE EQUIVALENT AND THE MAXIMUM 
DOSE EQUIVALENT TO THE TRUNK FOR EXTERNAL 
PHOTON RADIATION 

In the view of the International Commission on Radiological Protection, 
ICRP, as far as risks of late .somatic radiation effects are concerned, the system 
of dose limitations has changed drastically from the critical organ concept [8] 
to the concept of effective dose equivalent (EDE) [9]. Based on a proposal by 
Jacobi [10] the ICRP now recommends to limit the EDE, 

Hg — 2 w-p • H-p 
T 

i.e. the sum over the weighted average dose equivalents to relevant tissues (T) 
of the human body, instead of the dose equivalent, H j a x , i.e. the maximum dose 
equivalent in some critical tissue (T). The weighting factors w T derived from 
radiological considerations and averaged over all ages and both sexes are shown 
in Table I for relevant tissues of the body. As discussion on the EDE concept 
is still in progress, it seems to be of interest to consider the critical organ concept 
too, as for instance in the way as it is expressed by ICRU. In Report 25 [11] 
the maximum dose equivalent to the trunk of the human body (MDE) H^ r

ax is 
regarded as the quantity of interest. 
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TABLE I. RELATIVE RISK FACTORS FOR THE INDUCTION OF FATAL 
LATE STOCHASTIC RADIATION EFFECTS BASED ON A LINEAR 
DOSE-EFFECT RELATIONSHIP (ICRP 77) 

Tissue (T) Gonads Breast Red bone Lungs Bone surface Thyroid Remainder 
marrow 

w T 0.25 0.15 0 .12 0.12 0.03 0.03 0 .30 

Using a mathematical exposure model, i.e. applying a Monte-Carlo method 
to the MIRD-5 phantom (Fig.l), which is a mathematical representation of the 
male Reference Man [13], we have calculated the EDE and the MDE for whole 
body irradiation normalized to exposure and absorbed dose in free air1 , 
respectively. 

The following source geometries have been considered: unidirectional 
divergent beam anterior-posterior (A/P), unidirectional parallel beam anterior-
posterior (A/P), posterior-anterior (P/A), left-lateral (LLAT) and rotated around 
the vertical phantom-axis (ROT). The conversion factors H E /X , H E / D a and 
Hîp^/X, H ^ / D a (Figs 2 and 3) show the typical dependence on photon 
energy and source geometry which is due to the ratio of the mass energy absorp-
tion coefficients of tissue and air and the scattering properties of the human 
body. The EDE reflects the change of incidence of radiation quite strongly 
because of the relatively high contribution from the frontal organs (testes, 
breast) to the weighted sum. 

An exposure meter might underestimate the EDE by not more than 20%, 
but the reading of the instrument will not give a good estimate of the MDE. 
Highly efficient energy absorption in certain parts of the bones can lead to 
conversion factors of more than 3 rem/R. 

3. THE DOSE EQUIVALENT INDEX FOR EXTERNAL 
PHOTON RADIATION 

"The dose equivalent index, Hj, at a point is the maximum dose equi-
valent within a 30 cm diameter sphere centred at this point and consisting of 
material equivalent to soft tissue with a density of 1 g • c m - 3 ". 

This definition of dose equivalent index (DEI) is given by ICRU in its 
supplement to Report 19 " to meet the need for the characterization of ambient 
radiation levels at any location for purposes of radiation protection" [14]. 

1 The normalization quantities refer to the point 1 . 1 5 m above the ground in the 
vertical axis of the phantom. 
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FIG.2. Conversion factors: Effective dose equivalent normalized to exposure and absorbed 
dose in air as a function of photon energy for different source geometry. 

A more detailed description of the concept of DEI in Report 25 [11] 
leads to a division of the unrestricted DEI H j into two restricted index quantities: 
the maximum of dose equivalent in the first 1 cm shell, excluding the surface 
layer of 0.07 mm thickness, is called the shallow dose equivalent index, H I s , 
whereas the maximum in the core of 14 cm diameter is called the deep dose 
equivalent index, H I d . In the opinion of ICRU the index quantities deliver a 
sufficiently accurate estimate of the maximum dose equivalent to the trunk, 
Hjj3*, of the human body. 

The assessment of the DEIs can be made with a physical or mathematical 
exposure model when the human phantom is replaced by the ICRU-sphere [7,15]. 

With a Monte-Carlo method we have calculated the shallow and deep DEIs 
in the 30 cm sphere for the same irradiation condition as for the conversion 
factors in Figs 2 and 3. The conversion factors between the index quantities and 
exposure and absorbed dose in free air 2 , respectively, are shown in Figs 4 and 5. 

2 The normalization quantities refer to the site of the centre of the sphere in free air. 
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FIG.3. Conversion factors: Maximum dose equivalent to the trunk normalized to exposure 
and absorbed dose in air as a function of photon energy for different source geometry. 

As one would expect, the form of the curves is essentially the same as for the 
conversion factors in the previous section. The calculations performed gave a 
statistical error equal to or less than ± 5% standard deviation. As one can see 
from Fig.4, within this error it is not possible to make a clear distinction between 
the shallow and the deep DEI for unidirectional radiation above 0.04 MeV. 
Furthermore, for the parallel beam (FCD = the deep DEI exceeds the shallow 
DEI in the energy range between 0.03 and 0.1 MeV. This build-up of the dose 
maximum below 1 cm depth is due to scattered radiation. This effect is also 
well known from depth dose studies with plane phantoms when the field size 
becomes large. 

4. THE DOSE EQUIVALENT INDEX AS A MEASURE FOR 
DOSE EQUIVALENT TO THE HUMAN BODY 

The DEI is considered as an acceptable estimate for dose equivalent to 
the human body by both ICRU [11] and ICRP [9]. ICRP proposes to 
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FIG.5. Conversion factors: Dose equivalent indices normalized to exposure and absorbed 
dose in air as a function of photon energy for a rotated parallel beam (plane isotropic). 
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FIG.6. Conversion factors: Effective dose equivalent normalized to the deep dose 
equivalent index as a function of photon energy for different source geometry. 

assess the deep DEI, H I d , instead of the EDE, H E , in cases when information is 
lacking about the energy and angular distribution of external radiation. 

In order to check the assumptions of the two Commissions, the EDE, H E , 
and the MDE, H™8*, have been normalized to the deep and the unrestricted DEI, 
respectively. Figure 6 demonstrates that the deep dose equivalent index, H j j , 
gives a conservative estimate of the effective dose equivalent, H E , at least for 
the range of energy and directions for external photon radiation which have 
been considered here. 

The expectation of the ICRU cannot be proved: Fig.7 shows that between 
0.02 and 0.2 MeV it is impossible to limit the maximum dose equivalent to bone 
with the maximum dose equivalent to soft-tissue! But if the MDE is considered 
in soft-tissue of the trunk only, then, of course, the DEI gives an accurate 
estimate of the quantity of interest. 

As far as the "old critical organs" [8] are concerned, it has elsewhere been 
shown [7] that the unrestricted DEI, Hj, for whole-body irradiation represents 
a conservativè estimate also for the dose equivalent to the gonads, the uterus, 
the red bone-marrow and the thyroid. This is also valid for the dose equivalent 
to the skin and the lens of the eye, which according to ICRP should be limited 
because of possible non-stochastic effects. 
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FIG. 7. Conversion factors: Maximum dose equivalent to the trunk normalized to the dose 
equivalent index as a function of photon energy for different source geometry. 

5. THE REALIZATION O F AN INDEX METER FOR 
MONITORING AMBIENT RADIATION LEVELS 

5.1. The old dream of organ dose meters 

The assessment of the DEI, Hj , gives a conservative estimate of many 
relevant dose equivalents to the human body, especially of the EDE, H E . But 
it seems to represent little progress in practical situations if the only advantage 
of this concept consists of the fact that one looks up a tabulated conversion 
factor between the DEI and exposure instead of another conversion factor, say, 
between the EDE and exposure. The real advantage of the concept of DEI 
depends on the realization of an index meter, i.e. a radiation protection instru-
ment that indicates the DEI on its scale for irradiation conditions common in 
radiation protection. 
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The idea of a direct measurement of dose equivalent to the human body 
is not a new one [16,17], but the calibration of such organ dose meters 
previously failed because the large number of critical organs and the complex 
energy and angular dependences of dose equivalent to these organs made it 
hopeless to find one suitable calibration factor. 

For the realization of an index meter the chances seem to be better: 

(1) As far as late stochastic radiation effects are concerned, the assessment 
of dose equivalent is limited to the determination of one single quantity, H E . 

(2) Replacement of the heterogeneous human phantom by the homogeneous 
ICRU-sphere leads to a reduction of conversion factors between the DEI 
and exposure (= the feasible calibration factors) because of the symmetrical 
shape of the sphere. 

(3) With the DEI the quantity of interest, H E , can be controlled conservatively. 

5.2. The fictitious problem of additivity 

In spite of these favourable preconditions there remains still one basic 
difference between the DEI and the exposure: for constant energy fluence at a 
point of interest the exposure has the same value, say, for a plane parallel and 
for a plane isotropic beam of photons, whereas the maximum dose equivalent in 
the sphere shows different values (Figs 4 and 5) for different source geometries. 

In other words, the value of the exposure is just the sum of the exposure 
of all parts of the radiation being incident from different directions (additivity!), 
while the DEI, because of the dimensions of the sphere, is not at all just the 
addition of the indices for the different components of the radiation field 
(non-additivity!). This shows the basic problem of an index meter, because 
imprinting the DEI into the scale of common radiation protection instruments 
raises the question: which of the indices, shown for instance in Figs 4 and 5, 
should be the calibration factor? 

It seems that the non-additivity of the DEI adds the young dream of an 
index meter to the old dream of the organ-dose meter, thus confining the DEI 
to just another conversion factor for an exposure meter! 

But before we bury our hopes of the DEI being a measurable quantity too 
quickly, let us consider the problem of a direct measurement of dose equivalent 
to the human body in somewhat more detail: 

(1) The quantities of interest, i.e. the dose equivalents to relevant tissues of 
the human body, are also non-additive, as one can see from Figs 2 and 3. 
This property caused by the bulky trunk of the human body should be 
preserved in any practical realization of direct measurement of dose equi-
valent to the human body. In the case of the DEI as a measurable quantity 
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it is just the intentional selection of the maximum dose equivalent in a 
30 cm sphere [14], that preserves the non-additivity of the quantities of 
interest. Thus, in solving calibration problems it should not be the aim 
to have the DEI lose its best property, namely its non-additivity, which 
enables the index to provide a suitable estimate for dose equivalent to the 
body. From this point of view the problems of calibrating exposure meters 
in terms of the DEI do not consist of the non-additivity of the index but 
of the additivity of the exposure! 

(2) Sometimes one tends to forget that the additivity of the exposure is an 
abstraction, as it implies receptor-free conditions [11]. The realization of 
an exposure meter inevitably leads to some loss of additivity because the 
material of an instrument surrounding the measuring volume of air 
influences the radiation field. 
This influence is then reflected by the fact that the reading of an exposure 
meter shows some dependence on energy and angular distribution of the 
radiation. Therefore it seems to make no sense to devalue the dose equi-
valent index's best property, namely, non-additivity, by stressing the 
advantages of the exposure with respect to additivity, i.e. a property it does 
not exhibit under receptor conditions either! 
Could it be that the inevitable influence of the energy and angular distribu-
tion of the radiation on the reading of an exposure meter turns out to be a 
welcome effect in the construction and calibration of index meters? 

5.3. A proposal for the calibration of an index meter 
for monoenergetic photon radiation 

On the basis of the general considerations outlined in the previous section 
we would like to discuss some theoretical implications of calibrating an area 
dose meter with the deep dose equivalent index, H ^ , for an unidirectional 
palallel beam of photons, subsequently called the 'deep uniparallel index' with 
the abbreviation DDEI(up). 

5.3.1. The ideal index meter 

We consider an ideal index meter, i.e. an exposure meter whose relative 
response for the direction of preference shows as a function of incident photon 
energy the same characteristic as the uniparallel index normalized to exposure 
(Fig.4), but whose reading at the same time is independent of the energy and 
angular distribution with respect to other directions. Hence, we assume that 
this ideal exposure meter has been calibrated with the DDEI(up), i.e. the uni-
parallel index per unit exposure is implemented into the reading of the 
instrument. 
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FIG.8. Deep dose equivalent index normalized to the deep uniparalleldose equivalent index 
as a function of photon energy. 
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FIG.9. Effective dose equivalent normalized to the deep uniparallel dose equivalent index 
as a function of photon energy. 
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FIG.10. Effective dose equivalent normalized to the uniparallel effective dose equivalent 
as a function of photon energy. 

As this ideal detector would always indicate the DDEI(up), it can be seen 
from Fig.8 that measurements with this instrument could lead to an under-
estimation of the DDEI(up) in the field of an unidirectional divergent beam 
(focus-to-centre-distance = 1 m) by about 30—40%, or to an overestimation of 
the DDEI(rp) in the field of fully rotated parallel beam (a = 360°) between 
15% and 60%, depending on incident photon energy. The false measurement of 
the index by this ideal detector should not be judged by the percentage over-
or under-estimation, but by the question for what purpose the DEI is to be 
measured! 

The purpose of an index meter is primarily to deliver a suitable estimate 
of the EDE, H E . It can be seen from Fig.9 that this quantity of interest can be 
controlled conservatively even with the ideal 'deep uniparallel index meter'. Of 
course, this result is not surprising as far as the rotated parallel beam is con-
cerned, but the preservation of the conservative assessment of the EDE in the 
field of an unidirectional divergent beam is remarkable! The explanation is 
given in Fig. 10, which shows that the EDE, i.e. the weighted sum over different 
mean dose equivalents to the human body, scarcely registers the difference of 
radiation incidence between an unidirectional parellel and an unidirectional 
divergent beam of photons. 
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FIG.ll. BABY LINE portable exposure meter. 

5.3.2. The real index meter 

The ideal 'deep uniparallel index meter' could be a useful instrument to 
assess the EDE also in the unidirectional divergent photon beam, but referring 
to Fig.9 one could criticize the very conservative dose assessment by this index 
meter in the field of a rotated parallel beam (= plane isotropic field) and it is 
clear that the ratio between H E and H"^ in a spatial isotropic field would be 
much lower still. But one should not forget that these ratios refer to an idealized 
detector which does not exist. In order to see what a more realistic 'deep 
uniparallel index meter' would measure, one has to consider the energy and 
angular dependence of the instrument. As an example we have selected the 
NARDEUX BABYLINE 61 exposure meter (Fig.l 1). In the manual delivered 
by the manufacturer one can find data on the energy and angular dependence 
of the instrument. Assuming that the reading of the BABYLINE has been 
modified and then calibrated with the DDEI(up) with the front of the instrument 
facing the radiation source, Fig. 1 2 then shows the ratios between the effective 
dose equivalent and the 'deep uniparallel dose equivalent index', where HV^(B) 
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FIG.12. Effective dose equivalent normalized to the reading of the BABYLINE index meter. 

would be the DDEI(up) measured by the BABYLINE index meter. Because of the 

factor (ROT) is raised to values comparable to those of the unidirectional 
factors (A/P). 

Judging by this theoretical calibration of the BABYLINE exposure meter 
with the DDEI(up) one has to be aware of the fact that this instrument is just 
one of the existing radiation protection instruments, of which many have been 
constructed to measure exposure as independently of photon energy and angular 
distribution as possible. Hence, it should not be too difficult to imagine that 
the design of instruments could be constructively influenced so that the ratio 
between the EDE and the reading of such a monoenergetic index meter approaches 
the A/P-curve in Fig. 12 also for spatially distributed fields. 

5.4. A real index meter for polyenergetic photon radiation 

If we consequently continue our considerations and allow also for a distribu-
tion in energy, which is the normal case in practical exposure situations, it would 
then be even more difficult, if not impossible, to approach the quantity dose 
equivalent index with a measurement by a manipulated index exposure meter. 

energy and angular dependence of the instrument the plane isotropic conversion-
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Even if such an instrument would be an 'almost-index meter' for many practical 
situations, one has to be aware of the fact that from the viewpoint of metrology 
and calibration one needs clearly defined measurable quantities and not 'almost-
quantities'! It is to be hoped that for the sake of measuring quantities near to 
the quantities of interest in radiation protection a satisfactory compromise can 
be found with primary dosimetry and calibration. 
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Abstract 

PRACTICAL PROBLEMS RELATEĎ TO THE IMPLEMENTATION OF THE ICRP 
RECOMMENDATIONS (1977) AND THE REVISED IAEA BASIC SAFETY STANDARDS 
IN NATIONAL RULES AND REGULATIONS. 

In the Republic of Korea, one nuclear power plant is now in operation and more than 
22 nuclear power plants will be constructed by the year 2000. There are also many radio-
isotope laboratories and more than 3 0 0 0 X-ray units in Korea. The radiation protection 
problem is of the utmost importance in operating these nuclear power plants safely and in 
protecting the personnel from radiation hazards. So far, Korea has more than 20 years of 
experience in radiation protection. All radiation workers are advised to follow the national 
safety regulations for radiation protection, which are in accordance with the ICRP recommen-
dations (1965) . The new ICRP recommendations (1977) and the revised IAEA basic safety 
standards for radiation protection are recommended by those who are experts in the field of 
radiation protection. The introduction of the radiation dose limitation system and the new 
unit system into the revision of national regulations for radiation protection will present some 
problems. This paper presents the foreseeable practical problems related to the new ICRP 
recommendations and the revised IAEA basic safety standards for radiation protection. 

1. INTRODUCTION 

The Republic of Korea has made a gigantic step forward in the peaceful 
uses of atomic energy. With the start-up of Kori Nuclear Power Plant Unit 1, 
and the first sod turned in the construction of Kori 2, Wolsung 1, Kori 5 and 6, 
Korea was ushered into a new era of nuclear power generation. The energy 
resources in Korea are scarce and the land is densely populated with more than 
36 million people. In such circumstances, the only hope for survival and compe-
tition with other developed countries depends on the successful implementation 
of an ambitious economic development programme. In order to visualize our 
goal, we have been shifting the emphasis in energy development f rom thermal 
power to nuclear power. The nuclear power development programme tentatively 
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formulated in Korea calls for some 20 to 40 power reactors which are scheduled to 
be in operation before the turn of the century, depending upon assumptions for 
economic growth and infrastructure of energy-intensive industries. Even though 
this programme is an ambitious one, our goal must be achieved by all means in 
order to meet our energy requirements. 

In addition to the nuclear power plants, we have many radioisotope labo-
ratories and more than 3000 X-ray units in operation throughout the country. 
The radiation protection problem is of the utmost importance in order to ensure 
the safe operation of nuclear power plants and to protect the personnel working 
in and around the plant. Other important aspects of radiation protection are the 
safe handling of radioactive materials as well as the safe operation of X-ray units. 
All radiation workers in Korea are advised to follow the national safety rules and 
regulations for radiation protection, which are in accordance with the ICRP 
recommendations (1965). The new ICRP recommendations (1977) and the 
revised IAEA basic safety standards for radiation protection are considered to be 
sound and recommendable by those who are expert in the field of radiation 
protection. Twelve years have elapsed since the publication of the ICRP recom-
mendations of 1965,a rather long period to wait for new ICRP recommendations. 
As we expected, the new ICRP recommendations (1977) recommend a rather 
new concept of the radiation dose limitation system and the sievert unit (Sv), 
which are timely modifications of safety standards for radiation protection. 

At first, there seemed to be many difficult problems to overcome in introducing 
the new radiation protection concepts into revised national rules and regulations for 
radiation protection. But after studying the ICRP recommendations (1977) and 
the revised IAEA basic safety standards for radiation protection, we find few 
difficulties as regards practical problems. And thus we have mature recommen-
dations and basic safety standards, and we are grateful to those who have worked 
on their formulation. 

There are some minor problems related to the implementation of the new 
ICRP recommendations (1977). Here we will present the practical problems 
associated with the introduction of the new radiation protection concepts and 
the implemendation of ICRP recommendations. 

2. PRESENT STATUS OF RADIATION PROTECTION 

In Korea the Atomic Energy Law was promulgated on March 11, 1958. 
This law is the legal background for the peaceful uses of atomic energy and has 
laid down the main principles governing the control of nuclear reactors and nuclear 
fuel materials as well as principles for protection against radiation hazards. 

The first code of practice for radiation protection was promulgated on 
1 April 1964, and was in accordance with the ICRP recommendations (1959). 
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Since then the code of practice has been revised several times. The present revised 
form dates from 5 March 1970 and accords with the ICRP recommendations 
of 1965. 

The Atomic Energy Bureau (AEB) of the Ministry of Science and Technology 
is responsible for the formulation and enforcement of the code of practice for 
radiation protection. The Bureau of Medical Affairs of the Ministry of Health and 
Social Affairs is responsible for the enforcement of the code of practice for radiation 
protection of diagnostic X-ray units. 

There are three different kinds of licences, namely the general licence for 
handling radioactive isotopes, the special licence for handling radioactive isotopes 
in the medical field, and the supervisor's licence for radiation protection. As of 
1977, there are 502 general licence holders, 290 special licence holders and 
189 supervisor's licence holders in Korea. All the licence holders have been trained 
at the Nuclear Training Centre of the Korea Atomic Energy Research Institute for 
a period of four to eight weeks and have passed the licence examinations sponsored 
by the Ministry of Science and Technology. Graduates majoring in nuclear 
engineering are also eligible to take the licence examination for a supervisor's 
licence. The holder of a supervisor's licence is considered a radiation protection 
expert. But all licence holders are responsible for the protection of personnel in 
their nuclear installations, radioisotope laboratories and radiology departments 
of hospitals. 

All general hospitals and university hospitals have radiology departments 
and radioisotope laboratories for diagnosis and radiotherapy. Therefore there is 
a great demand for radiation protection specialists in order to keep up with the 
regulations for radiation protection. 

All heavy industrial factories have non-destructive testing departments of 
their own and all are manned by licence holders for radiation protection of factory 
workers. 

There are five organizations offering nuclear training courses. These organi-
zations are the nuclear engineering departments of the College of Engineering of 
Seoul National University, of Hanyang University and of Kyunghee University, 
the Nuclear Training Centre of the Korea Atomic Energy Research Institute, and 
the Training Centre of the Korea Electric Company. The Nuclear Training Centre 
of the Korea Atomic Energy Research Institute offers nuclear training courses for 
nuclear reactor operation, radioisotope handling, non-destructive testing, and 
radiation protection. 

3. THE NUCLEAR ENERGY DEVELOPMENT PROGRAMME AND 
MANPOWER REQUIREMENTS FOR RADIATION PROTECTION 

The nuclear energy development programme in Korea has been centred on 
basic research into atomic and nuclear science. The research fields of special 
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interest were reactor technology, the industrial, agricultural and medical appli-
cations of radiation and radioisotopes. As the construction of the first nuclear 
power plant, Kori Unit 1, started early in 1970, the research-oriented nuclear 
energy programme has shifted its emphasis to the development of nuclear power. 

As a large number of qualified nuclear-oriented specialists are required in 
order to fulfil the ambitious nuclear energy development programme, a large 
number of qualified radiation protection specialists are also required in order to 
protect the personnel working in the nuclear installations. As of 1977, about 
1000 persons were engaged in the field of nuclear energy. The additional manpower 
required for the nuclear energy programme till 1986 will be about 5000 men. 
Accordingly, the requirement for health physicists will be about 500 men by 1986. 

4. FORESEEABLE PRACTICAL PROBLEMS RELATED TO THE REVISION 
OF REGULATIONS FOR RADIATION PROTECTION 

It seems that the introduction of the sievert (Sv) as the unit of dose equivalent 
is reasonable in order to express the dose equivalent limits of the ICRP recommen-
dations (1977) and the revised IAEA basic safety standards for radiation protection. 
But for those who have barely grown accustomed to the rad and rem units, it will 
take time to acquire a certain physical feeling for the Sv unit in their radiological 
protection work. All the readings from the radiation monitoring equipments are 
based on the units of mR/h, mR/min and cpm, etc. We must prepare a conversion 
table or curve for our daily use. 

Even though the ICRP recommendations (1977) and the revised IAEA basic 
safety standards for radiation protection state that the recommendations are 
intended to provide an appropriate degree of flexibility, it is not easy directly to 
assimilate these into the national regulations. It will also take time to formulate 
and promulgate the revised national regulations. First, the draft revision has to 
be discussed by the radiation protection specialists and then a final form will be 
drafted by them. The final revision has to pass through the regulatory channel 
of the government for revision of legal wordings. After that it will be signed by the 
appropriate authority and will be promulgated. 

After the revised national regulations are published, there will be supplementary 
education for those engaged in radiation protection. These trained radiation pro-
tection specialists will in turn be responsible for training radiation workers in the 
new revised regulations. There are about 1000 licensed radiation experts in Korea 
and about more than three thousand radiation workers. Assuming a one-week 
course for 50 trainees, it will take about 80 weeks to complete supplementary 
training. 

Among the recommended radiation protection standards, the dose equivalent 
limits may be introduced directly from the ICRP recommendations (1977), but 
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for the secondary limits, especially for internal irradiation, the secondary limits 
of the ICRP recommendations may not be introduced directly as the protection 
standards of Korean adults, because the reference Korean adult may differ from 
the reference adult of the ICRP recommendations (1977). In this case the 
secondary limits for internal irradiation may be modified for the reference Korean 
adult. It is another area of work that we have to consider in preparing the new 
revised radiation protection regulations. 

As indicated in paragraphs 109 and 110 of the ICRP recommendations (1977) 
and in paragraph 518 of the revised IAEA basic safety standards for internal 
exposure, the annual limits of intake (ALI) for radionuclides are not listed and 
there are 22 radionuclides for which the ALI values are published by Committee 2 
of the ICRP. For other than those 22 radionuclides, what kind of measure we 
should use? Should we follow the old MPC values or wait until all the remaining 
ALI values are published by Committee 2 of the ICRP? Of course, we can 
follow the old MPC values for practical work, but for the revised regulations we 
cannot take the old MPC values. It is another problem area for the revision of 
radiation protection regulations. 

All the radiation workers were checked by their reports, which include the 
exposure records, acquisition of radioactive materials, and medical examination 
records, etc. But the new recommendations have recommended annual dose 
equivalent limits for stochastic effects and non-stochastic effects. Therefore there 
is no need to report the accumulated dose record. The medical surveillance record 
has no part to play in confirming the effectiveness of a radiation protection 
programme. Therefore the radiation workers are not obliged to report their 
medical record. In a sense the role of the government authority has been 
reduced and the role of the radiation protection expert has significantly increased 
by the new ICRP recommendations. 

Above all, the most important thing in the revision of national rules and 
regulations for radiation protection is how to state and interpret the objectives 
of radiation protection correctly. 

5. SUMMARY 

The foreseeable practical problems related to the revision of national 
regulations for radiation protection are as follows: 

The introduction of the sievert (Sv) unit for the dose equivalent limits, and the 
time required for ordinary radiation workers to acquire a physical feeling for it. 

The time and procedures required for the revision are rather long and tedious. 
Therefore the implementation of the revised regulations for radiation protection 
may not begin until 1980. 
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The supplementary education programme takes at least six months to one year 
and it may not catch up with the ambitious nuclear development programme. 

The secondary limits of the ICRP recommendations may not be introduced 
directly as the protection standards of Korean adults, because the reference Korean 
adult differs from the reference adult of the ICRP recommendations (1977). 

Not all the annual limits of intake (ALI) for radionuclides have been published 
by Committee 2 of ICRP. Therefore we may face some problems. 

For radiation protection experts, the increased responsibility for radiation 
protection will present some problems. 

Above all, the most important problem in the revision of national rules and 
regulations for radiation protection is the correct interpretation and introduction 
of the ICRP objectives for radiation protection. 
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Abstract 

THE NEED FOR AN INTEGRAL APPROACH TO THE PROTECTION OF MAN AGAINST 
IONIZING RADIATION AND OTHER MUTAGENS. 

Ionizing radiation induces malignancy and hereditary defects but is not the only agent 
which has these hazardous properties. Many other agents, especially chemicals, are now being 
shown to have mutagenic, teratogenic and carcinogenic activity. In some cases the synergistic 
interaction between two agents can be observed. A mathematical analysis is presented which 
leads to an analysis of the synergistic interaction of ionizing radiation with other mutagenic 
agents. Examples of the synergistic interaction are presented for UV and radiation, a nitrofuran 
and radiation and an antibiotic and radiation to demonstrate the use of the analysis. The 
implication of the analysis is that the synergistic interaction leads to an increase in the initial 
slope of the biological effect-dose relationship which is of prime importance for radiological 
protection. The fact that radiation does not have a unique hazardous biological effect and 
the fact that different hazardous agents may interact synergistically with each other implies 
that strict control of exposure to one agent (radiation) without complementary control of 
the other agents will have little success in ensuring a safe and healthy environment for man. 
The need for an integral approach to the protection of man against radiation and other 
mutagenic agents is discussed. 

1 . I N T R O D U C T I O N 

T h e m a i n r i s k f r o m e x p o s u r e t o l o w d o s e s o f i o n i z i n g r a d i a t i o n i s a n 

i n c r e a s e d p r o b a b i l i t y o f t h e i n d u c t i o n o f m a l i g n a n c y o r h e r e d i t a r y d e f e c t s . 

T h e s e r i s k s o f i o n i z i n g r a d i a t i o n h a v e b e e n r e c o g n i z e d f r o m t h e e a r l y d a y s 

f o l l o w i n g t h e d i s c o v e r y o f x - r a y s a n d r a d i o a c t i v i t y a n d t h e i n t e r n a t i o n a l 

c o n t r o l o f r a d i a t i o n e x p o s u r e s d a t e s b a c k t o 1 9 2 8 w h e n t h e p r e d e c e s s o r t o 

t h e I C R P w a s f o u n d e d . T h u s , s i n c e l o n g b e f o r e t h e d e v e l o p m e n t o f t h e 

n u c l e a r i n d u s t r y , t h e r a d i a t i o n ' c o n t a m i n a t i o n ' o f m a n ' s e n v i r o n m e n t h a s 

b e e n s t r i c t l y c o n t r o l l e d . H o w e v e r , s i n c e t h e a d v e n t o f t h e a t o m - b o m b , 

r a d i a t i o n h a s b e e n v i e w e d a s a n u n i q u e , i n s i d i o u s a n d i n t o l e r a b l e t h r e a t 

t o m a n ' s e x i s t e n c e b y t h e g e n e r a l p o p u l a t i o n . I t s e e m s s t r a n g e t h e r e f o r e 

4 7 5 



4 7 6 L E E N H O U T S and CHADWICK 

t h a t , a l t h o u g h t h e c a r c i n o g e n i с a c t i o n o f c h e m i c a l s w a s p r o b a b l y f i r s t 
t h 

e s t a b l i s h e d i n t h e 1 8 c e n t u r y b y S i r P e r c i v a l P o t t , w h o f o u n d a h i g h 

i n c i d e n c e o f s c r o t a l c a n c e r s i n y o u n g c h i m n e y - s w e e p s e x p o s e d t o s o o t , 

t h e r e h a s b e e n l i t t l e o r n o c o n t r o l o f t h e e x p o s u r e t o c h e m i c a l s f r o m 

t h e p o i n t o f v i e w o f t h e l o n g - t e r m h e a l t h h a z a r d a n d t h e I n t e r n a t i o n a l 

C o m m i s s i o n o n t h e P r o t e c t i o n a g a i n s t E n v i r o n m e n t a l M u t a g e n s h a s o n l y 

r e c e n t l y b e e n e s t a b l i s h e d ( 1 ) . T h e r e s e e m s l i t t l e d o u b t n o w t h a t m o r e 

t h a n 80% o f h u m a n c a n c e r a r i s e s f r o m e n v i r o n m e n t a l f a c t o r s ( 2 , 3 ) , m a n y 

o f w h i c h m u s t b e c h e m i c a l s a n d i t i s o b v i o u s t h a t t h e h a z a r d o f r a d i a t i o n 

i s n o t u n i q u e . T h e c o n t r o l o f o n e h a z a r d o u s a g e n t w i t h o u t t h e c o n t r o l o f 

o t h e r a n a l o g o u s a g e n t s h a s l i t t l e m e a n i n g a n d a r g u e s f o r a n i n t e g r a l 

a p p r o a c h t o p r o t e c t i o n . 

I n t h i s p a p e r w e p r e s e n t a n a n a l y s i s w h i c h d e m o n s t r a t e s t h e p o s s i b l e 

s y n e r g i s t i c i n t e r a c t i o n b e t w e e n r a d i a t i o n a n d o t h e r m u t a g e n i c a g e n t s a n d 

w h i c h l e a d s , i n o u r o p i n i o n , t o s t r o n g e r a r g u m e n t s i n f a v o u r o f a n i n -

t e g r a t e d a p p r o a c h t o t h e p r o t e c t i o n o f m a n . 

2 . T H E O R E T I C A L B A C K G R O U N D 

T h e b a s i c a s s u m p t i o n o f t h e m o l e c u l a r t h e o r y o f r a d i a t i o n a c t i o n C t ) 

i s t h a t r a d i a t i o n i n d u c e d D N A d o u b l e - s t r a n d b r e a k s a r e t h e c r i t i c a l l e s i o n s 

w h i c h c a n l e a d t o a b i o l o g i c a l e f f e c t s u c h a s c e l l k i l l i n g , m u t a t i o n a n d 

a b e r r a t i o n f o r m a t i o n . I m p l i c i t i n t h i s t h e o r e t i c a l a p p r o a c h i s t h e a s s u m p -

t i o n t h a t i n n o r m a l h e a l t h y e u k a r y o t i c c e l l s - t h e r a d i a t i o n - i n d u c e d s i n g l e -

s t r a n d b r e a k s i n t h e DNA a r e r a p i d l y r e p a i r e d a n d d o n o t h a v e a n y b i o l o g i c a l 

c o n s e q u e n c e . 

T h e m e a n n u m b e r ( N q ) o f DNA d o u b l e - s t r a n d b r e a k s i n d u c e d p e r c e l l 

b y a d o s e o f r a d i a t i o n (D) i s g i v e n b y : 
о 

N = a D + ß D ( 0 о о о 
w h e r e a i s t h e n u m b e r o f d o u b l e - s t r a n d b r e a k s p e r u n i t d o s e i n d u c e d о 

i n o n e r a d i a t i o n e v e n t ; 

a n d S Q i s t h e n u m b e r o f d o u b l e - s t r a n d b r e a k s p e r u n i t d o s e s q u a r e d 

i n d u c e d b y t h e c o m b i n a t i o n o f t w o i n d e p e n d e n t l y p r o d u c e d 

s i n g 1 е - s t r a n d b r e a k s . 
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I O N I Z I N G R A D I A T I O N 

D N A D N A 

R A D I A T I O N E F F E C T 
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S Y N E R G I S T I C 
I N T E R A C T I O N 

D N A 

TjXD 

M U T A G E N 

D N A D N A 

T O X I C E F F E C T 

2 2 
T O T A L E F F E C T : ofD + П D + n X D + e X о о 

FIG.l. Schematic representation of the action of radiation and mutagenic agents on cells and 
the synergistic interaction of the two agents. 

C e l l s u r v i v a l 1 ( S ) i s r e l a t e d t o t h e n u m b e r o f DNA d o u b l e - s t r a n d b r e a k s 

b y t h e e q u a t i o n 

S = e x p [ - p ( a Q D + ß Q D 2 ) ] ( 2 ) 

w h e r e p i s t h e p r o b a b i l i t y t h a t a DNA d o u b l e - s t r a n d b r e a k c a u s e s l e t h a l i t y . 

E q u a t i o n ( 2 ) s t a t e s e s s e n t i a l l y t h a t , a l t h o u g h a c e l l m a y c a r r y m a n y 

r a d i a t i o n - i n d u c e d DNA d o u b l e - s t r a n d b r e a k s , o n l y o n e o f t h o s e d o u b l e -

s t r a n d b r e a k s i s u l t i m a t e l y r e s p o n s i b l e f o r t h e c e l l d e a t h . 

D u g l e e t a l . ( 5 ) h a v e p r e s e n t e d e x p e r i m e n t a l e v i d e n c e w h i c h s u p p o r t s 

t h e a s s u m p t i o n o f t h e l i n e a r - q u a d r a t i c d o s e r e l a t i o n s h i p f o r D N A d o u b l e -

s t r a n d b r e a k s i n d u c e d i n c e l l s a n d a l s o t h e a s s o c i a t i o n b e t w e e n d o u b l e -

s t r a n d b r e a k s a n d c e l l r e p r o d u c t i v e d e a t h . 

I n f i g u r e 1 w e p r e s e n t a s c h e m a t i c d i a g r a m w h i c h r e p r e s e n t s t h e w a y 

i n w h i c h w e e n v i s a g e t h e e x t e n s i o n o f t h e m o l e c u l a r t h e o r y t o a n a n a l y s i s 

o f t h e s y n e r g i s t i c i n t e r a c t i o n b e t w e e n m u t a g e n i c a g e n t s a n d r a d i a t i o n . 

1 Throughout this paper "survival" refers to the cellular loss of co lony- forming abil ity 
and is expressed as the fraction of cells showing this ability with respect to the control value. 
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I f w e c o n s i d e r , f i r s t o f a l l , t h e c e l l u l a r t o x i c i t y o f t h e a g e n t 

a l o n e , t h e n i f t h e a g e n t r e a c t s w i t h t h e ONA m o l e c u l e i n t h e c e l l t o c a u s e 

s i n g 1 е - s t r a n d l e s i o n s , b y a n a l o g y w i t h t h e r a d i a t i o n e f f e c t w e w o u l d e x p e c t 

t h a t t h e t o x i c a c t i o n o f t h e a g e n t w o u l d b e c a u s e d b y d o u b l e - s t r a n d 

l e s i o n s a r i s i n g f r o m t h e c o m b i n a t i o n o f t w o s i n g l e - s t r a n d l e s i o n s . 

I f X r e p r e s e n t s t h e e x p o s u r e o f t h e c e l l t o t h e a g e n t o r c h e m i c a l , 

t h e n t h e n u m b e r o f DNA s i n g l e - s t r a n d l e s i o n s w i l l b e p r o p o r t i o n a l t o t h e 

e x p o s u r e , a n d t h e n u m b e r ( N ^ ) o f d o u b l e - s t r a n d l e s i o n s w i l l b e p r o p o r -

t i o n a l t o t h e s q u a r e o f t h e e x p o s u r e ( X ) i . e . 

N L = EX2 ( 3 ) 

a n d c e l l s u r v i v a l S a f t e r t h e a g e n t o r c h e m i c a l t r e a t m e n t a l o n e w i l l b e 

g i v e n b y 

S = e x p [ - p c X 2 ] ( 4 ) 

[ w e h a v e c h o s e n p t o b e t h e s a m e f o r a g e n t - i n d u c e d d o u b l e - s t r a n d l e s i o n s 

a n d r a d i a t i o n - i n d u c e d d o u b l e - s t r a n d b r e a k s ; t h i s m a y o r m a y n o t b e t r u e , 

b u t i t h a s n o b a s i c i n f l u e n c e o n t h e m a t h e m a t i c a l a n a l y s i s ^ . 

W h e n t h e m u t a g e n i c a g e n t a n d r a d i a t i o n a r e a p p l i e d t o g e t h e r , t h e n 

t h e t o t a l n u m b e r o f D N A d o u b l e - s t r a n d l e s i o n s (N.J.) w i l l b e t h e s u m o f 

d o u b l e - s t r a n d b r e a k s i n d u c e d b y t h e r a d i a t i o n ( N q ) a n d t h e d o u b l e - s t r a n d 

l e s i o n s ( N ^ ) i n d u c e d b y t h e a g e n t o r c h e m i c a l p l u s a n a d d i t i o n a l t e r m 

w h i c h i s t h e n u m b e r o f d o u b l e - s t r a n d l e s i o n s ( N ) w h i c h a r i s e f r o m t h e с 
c o m b i n a t i o n o f a r a d i a t i o n - i n d u c e d s i n g l e - s t r a n d b r e a k w i t h a n a g e n t o r 

c h e m i c a l l y i n d u c e d s i n g l e - s t r a n d l e s i o n : 

N c = n X D ( 5 ) 

T h u s w i t h a c o m b i n e d t r e a t m e n t o f r a d i a t i o n a n d a m u t a g e n t h e n u m b e r 

o f DNA d o u b l e - s t r a n d l e s i o n s i s : 

N T = a D + e D 2 + n X D + EX2 ( 6 ) I о о 

a n d c e l l s u r v i v a l ( S ) i s g i v e n b y 

S = e x p [ - p ( a Q D + B q D 2 + Л Х 0 + e X 2 ) ] ( 7 ) 

We c a n e i t h e r u s e t h i s e q u a t i o n t o a n a l y s e d a t a f o r c o m b i n e d t r e a t m e n t s 

o r d e r i v e a s e r i e s o f e q u a t i o n s f r o m t h i s g e n e r a l e q u a t i o n w h i c h c a n t h e n 

b e u s e d t o a n a l y s e s e p a r a t e g r o u p s o f d a t a . T h e s e r i e s o f e q u a t i o n s p r o -

b a b l y p r o v i d e a b e t t e r i n s i g h t i n t o w h a t i s e x p e c t e d o f t h e a n a l y s i s . 
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data from Han and Elkind (1977) 
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FIG.2. The effect of a combined treatment of X-rays and UV on the survival of Chinese 
hamster cells analysed using Eqs (8), (4) and (10). Data from Ref.[6]. 

1 ) R e l a t i v e r a d i a t i o n s u r v i v a l f o l l o w i n g a t r e a t m e n t a t o n e e x p o s u r e 

l e v e l ( X . ) o f m u t a g e n i c a g e n t 

S = e x p | j - p { ( a + n X . ) D + ř Q D 2 } ] ( 8 ) 

T h e r e l a t i v e r a d i a t i o n s u r v i v a l c u r v e s s h o u l d a l l e x h i b i t t h e s a m e 
2 

q u a d r a t i c t e r m ( p ß Q
D ) a n d b e c h a r a c t e r i z e d b y a n i n c r e a s i n g i n i t i a l 

s l o p e ( p a ) w h i c h s h o u l d b e p r o p o r t i o n a l t o t h e e x p o s u r e o f t h e a g e n t : 

p a = p ( a Q + n X ) ( 9 ) 
2 ) S u r v i v a l f o l l o w i n g m u t a g e n t r e a t m e n t a l o n e i s 

S = e x p [ - p e X 2 ] ( 4 ) 

a n d 

3 ) R e l a t i v e m u t a g e n t o x i c i t y c u r v e s c o m b i n e d w i t h o n e d o s e o f r a d i a t i o n 

( 0 . ) i s : 

S = e x p Q - p ( n D . X + E X 2 ) ] ( 1 0 ) 



4 8 0 L E E N H O U T S a n d C H A D W I C K 

U V рге-dose ( J/m2) X-ray p re -dose (Gy) 

pa 

U V p r e - d o s e X - r a y p re -dose 

F1G.3. The dependence of the pa coefficient on the pretreatment of UV (Eq.9) and pô on 
the pretreatment of X-rays (Eq.l 1 )), and the independence of the normalized interaction term 
pT) on pretreatment. 

2 
T h e s e c u r v e s s h o u l d a l l e x h i b i t t h e s a m e q u a d r a t i c t e r m ( p c X ) a n d 

b e c h a r a c t e r i z e d b y a n i n c r e a s i n g s l o p e ( р б ) w h i c h i s p r o p o r t i o n a l t o 

r a d i a t i o n d o s e , i . e . 

p S = p n D ( 1 1 ) 

3 . A N A L Y S I S 

A s a f i r s t e x a m p l e o f t h e s y n e r g i s t i c i n t e r a c t i o n o f r a d i a t i o n 

w i t h a n o t h e r m u t a g e n i c a g e n t w e p r e s e n t a n a n a l y s i s o f t h e d a t a o f 

H a n a n d E l k i n d ( 6 ) o n t h e c o m b i n a t i o n o f u l t r a v i o l e t l i g h t a n d r a -

d i a t i o n i l l u s t r a t e d i n f i g u r e 2 . T h e l e f t s i d e o f t h i s f i g u r e p r e s e n t s 
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И 0.001 -' 

0.0001 
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рПо=^.5.Ю Gy 

0.05 0.1 
N IF-concentration (mty) 

FIG.4. (aj The cytotoxicity of nifurpipone analysed using Eq.(4). 
(b) The relative radiation sensitization analysed using Eq.(8) with pß0 held constant. 
(c) The linear relationship between pa and the exposure to nifurpipone (X). 

Data from Ref. [7] . 

t h e e f f e c t o f r a d i a t i o n o n c e l l k i l l i n g w i t h a n d w i t h o u t a p r e - d o s e o f 

U V . A l l t h r e e c u r v e s h a v e b e e n a n a l y s e d u s i n g e q u a t i o n ( 8 ) w h e r e t h e 

q u a d r a t i c t e r m h a s b e e n h e l d c o n s t a n t , t h e d i f f e r e n t c u r v e s b e i n g f i t t e d 

w i t h a n i n c r e a s i n g l i n e a r c o e f f i c i e n t . T h e r i g h t s i d e o f f i g u r e 2 p r e s e n t s 

a c o m p l e m e n t a r y s e t o f d a t a f o r t h e e f f e c t o f U V o n c e l l k i l l i n g w i t h 

a n d w i t h o u t a p r e - d o s e o f i o n i z i n g r a d i a t i o n . T h e U V s u r v i v a l c u r v e h a s 

b e e n f i t t e d u s i n g a p u r e q u a d r a t i c e q u a t i o n ( e q n . M a n d t h e o t h e r t w o 

c u r v e s h a v e b e e n f i t t e d u s i n g e q u a t i o n ( 1 0 ) w h e r e t h e q u a d r a t i c t e r m 

h a s - b e e n k e p t c o n s t a n t a n d t h e s a m e a s t h a t d e r i v e d f o r t h e U V s u r v i v a l 

c u r v e . I n f i g u r e 3 w e p r e s e n t o n t h e l e f t t h e d e p e n d e n c e o f t h e l i n e a r 
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DATA : WATTS (1977) 

dose (Gy) 

FIG.5. The sensitization of hypoxic cells by a nifurpipone pretreatment. The nifurpipone 
was removed prior to irradiation and the curves are fitted by holding pßo constant in Eq.(8). 
Data from Ref[l\ 

c o e f f i c i e n t o f t h e r a d i a t i o n c u r v e s o n t h e UV p r e - d o s e a n d s h o w t h a t i t 

i s i n a c c o r d a n c e w i t h e q u a t i o n ( 9 ) , a n d o n t h e r i g h t t h e d e p e n d e n c e o f 

t h e l i n e a r c o e f f i c i e n t o f t h e UV c u r v e s o n t h e x - r a y p r e - d o s e a n d s h o w 

t h a t i t . i s i n a c c o r d a n c e w i t h e q u a t i o n ( 1 1 ) . I f t h e r e i s n o r e p a i r o f 

e i t h e r x - r a y - i n d u c e d s i n g l e - s t r a n d b r e a k s o r U V - i n d u c e d s i n g l e - s t ř a n d 

l e s i o n s b e t w e e n t h e t r e a t m e n t t h e n t h e c o m m o n t e r m ( n ) s h o u l d b e c o n s t a n t . 

T h e v a l u e o f л d e r i v e d f r o m t h e c o m b i n e d a n a l y s i s o f t h e s i x s u r v i v a l 

c u r v e s i s s h o w n i n t h e l o w e r p a r t o f f i g u r e 3 t o b e r a t h e r c o n s t a n t , a s 

i s p r e d i c t e d b y t h e m o d e l . 

T h e s e c o n d a n a l y s i s w e s h o w i s f o r a c h e m i c a l , n i f u r p i p o n e d i h y d r o -

c h l o r i d e ( N I F ) , w h i c h i s u s e d a s a h y p o x i c c e l l s e n s i t i z e r ( 7 ) . F i g u r e 

4 p r e s e n t s t h e c y t o t o x i c i t y o f N I F i l l u s t r a t i n g t h e q u a d r a t i c d e p e n d e n c e 

o n c o n c e n t r a t i o n f o r d i f f e r e n t e x p o s u r e t i m e s u p t o a c o n c e n t r a t i o n o f 
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Х - г о у dose(Gy) Ac t .D conc.Cpg/ml) 

FIG. 6. (a) The toxicity of actinomycin D, for a 12-day exposure of the HeLa cells, analysed 
using Eq.(4). 

(bj The effect of actinomycin D on the radiation sensitivity analysed using Eq.(8j 
and the linear relationship between pa and the actinomycin D concentration. 
Data.from Л е / [ 8 ] . 

0 . 1 m M , s a t i s f y i n g t h e r e q u i r e m e n t e x p r e s s e d b y e q u a t i o n ( 4 ) . F i g u r e 4 

a l s o s h o w s t h e c o m b i n e d e f f e c t o f N I F p l u s r a d i a t i o n w h e r e a l l c u r v e s 

h a v e b e e n a n a l y s e d w i t h a c o n s t a n t q u a d r a t i c c o e f f i c i e n t s a t i s f y i n g t h e 

r e q u i r e m e n t e x p r e s s e d b y e q u a t i o n ( 8 ) a n d t h e d e p e n d e n c e o f t h e l i n e a r 

c o e f f i c i e n t d e r i v e d f r o m t h e s u r v i v a l c u r v e s o n t h e c o n c e n t r a t i o n o f 

N I F s a t i s f y i n g t h e r e q u i r e m e n t e x p r e s s e d b y e q u a t i o n ( 9 ) . F i g u r e 5 s h o w s 

t h a t t h e s y n e r g i s t i c s e n s i t i z a t i o n b y N I F i s n o t d e p e n d e n t o n t h e 

p r e s e n c e o f N I F d u r i n g i r r a d i a t i o n a n d i n d i c a t e s t h a t t h e i n t e r a c t i n g 

d a m a g e r e m a i n s i n t h e c e l l a f t e r t h e N I F i s w a s h e d o u t . 
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Actinomycin D + X-rays ( Elkind et al,1967) 

4 i i i i i i i i о _ 
о 2 4 6 8 10 О 

X-ray dose (Gy) 

0.01 
Act. D conc. ( j jg/ml ) 

0.02 

FIG. 7. The effect of actinomycin D on the radiation sensitivity of synchronized Chinese 
hamster cells analysed using Eq.(8) and the linear relationship pa and the actinomycin D 
concentration. Data from Ref. [ 9 ] . 

T h e t h i r d a n a l y s i s c o n c e r n s t h e i n t e r a c t i o n o f a c t i n o m y c i n D a n d 

r a d i a t i o n a n d d e a l s w i t h t w o s e t s o f d a t a . F i g u r e 6 a d e m o n s t r a t e s t h e 

t o x i c i t y o f a c t i n o m y c i n D o n H e L a c e l l s f o r a 1 2 d a y e x p o s u r e a n a l y s e d 

u s i n g a p u r e q u a d r a t i c e q u a t i o n , a n d f i g u r e 6 b s h o w s t h e e f f e c t o f 

a c t i n o m y c i n D o n t h e r a d i a t i o n r e s p o n s e a n a l y s e d u s i n g a l i n e a r - q u a d r a t i c 

e q u a t i o n w h e r e t h e q u a d r a t i c c o e f f i c i e n t h a s b e e n h e l d c o n s t a n t ( 8 ) . 

T h e d e p e n d e n c e o f t h e l i n e a r c o e f f i c i e n t o n a c t i n o m y c i n c o n c e n t r a t i o n 

i s a 1 s o i l 1 u s t r a t e d . 

F i g u r e 7 d e m o n s t r a t e s t h e e f f e c t o f t w o c o n c e n t r a t i o n s o f a c t i n o m y c i n D 

o n t h e r a d i a t i o n r e s p o n s e o f C h i n e s e h a m s t e r c e l l s ( 9 ) ' » a l l s u r v i v a l 

c u r v e s h a v e b e e n f i t t e d u s i n g a l i n e a r - q u a d r a t i c e q u a t i o n w i t h a c o n s t a n t 

q u a d r a t i c c o e f f i c i e n t a n d f i g u r e 7 a l s o i l l u s t r a t e s t h e i n c r e a s e i n t h e 

l i n e a r c o e f f i c i e n t a s a f u n c t i o n o f a c t i n o m y c i n D c o n c e n t r a t i o n . 

4 . D I S C U S S I O N 

T h e a n a l y s i s r e v e a l s t h a t t h e i n t e r a c t i o n o f a p h y s i c a l a g e n t , 

UV l i g h t , a n d t w o c h e m i c a l a g e n t s , n i f u r p i p o n e a n d a c t i n o m y c i n D , 
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w i t h r a d i a t i o n c a n b e i n t e r p r e t e d i n t e r m s o f a s y n e r g i s t i c i n t e r a c t i o n 

o f m o l e c u l a r d a m a g e a n d c a n b e a s s o c i a t e d w i t h t h e c y t o t o x i c i t y o f 

t h e d i f f e r e n t a g e n t s . U V l i g h t i s k n o w n t o i n d u c e p y r i m i d i n e d i m e r s 

i n t h e DNA m o l e c u l e ; n i t r o f u r a n s , o f w h i c h n i f u r p i p o n e i s o n e , h a v e 

a l s o b e e n s h o w n t o c a u s e DNA d a m a g e ( 1 0 ) , a n d a c t i n o m y c i n D h a s b e e n 

f o u n d t o i n t e r c a l a t e w i t h DNA a n d t o i n d u c e s i n g 1 e - s t r a n d b r e a k s ( 1 1 , 1 2 ) ; 

a n d t h i s t y p e o f D N A a c t i v i t y i s c o m p l e t e l y i n a c c o r d a n c e w i t h t h e 

t h e o r e t i c a l m o d e l u s e d i n t h e a n a l y s i s . A s i m i l a r a n a l y s i s h a s a l s o b e e n 

m a d e f o r s e v e r a l o t h e r c y t o t o x i c a g e n t s m a n y o f w h i c h a r e k n o w n t o c a u s e 

DNA d a m a g e ( 1 3 , 1 5 ) . 

A l t h o u g h t h e a n a l y s i s o f s y n e r g i s m h a s b e e n m a d e f o r c e l l s u r v i v a l 

w e h a v e p r e v i o u s l y c o n s i d e r e d t h e d i r e c t c o r r e l a t i o n b e t w e e n s u r v i v a l 

a n d m u t a t i o n i n d u c t i o n f o r r a d i a t i o n ( 4 ) , U V ( 1 6 ) a n d c h e m i c a l s ( 1 5 , 1 6 ) 

a n d t h u s c o n c l u d e t h a t t h e s a m e s o r t o f s y n e r g i s t i c e f f e c t w i l l o c c u r 

f o r m u t a t i o n i n d u c t i o n a n d a l s o c a n c e r i n d u c t i o n ( 1 5 ) . I n t h i s r e s p e c t 

i t i s i m p o r t a n t t o n o t e t h a t b o t h UV a n d a c t i n o m y c i n D a r e k n o w n m u t a g e n i c 

a n d c a r c i n o g e n i c a g e n t s a n d a c t i n o m y c i n D i s a l s o t e r a t o g e n i c ( 1 7 ) -

T h e s y n e r g i s t i c i n t e r a c t i o n b e t w e e n r a d i a t i o n a n d a n o t h e r D N A - d a m a g i n g 

a g e n t r e v e a l s i t s e l f i n a n i n c r e a s e i n t h e i n i t i a l s l o p e o f t h e b i o l o g i c a l 

e f f e c t d o s e - r e s p o n s e r e l a t i o n s h i p w h i c h i s o f d i r e c t r e l e v a n c e t o 

R a d i o l o g i c a l P r o t e c t i o n . A t c h r o n i c e x p o s u r e l e v e l s t h e p r o b a b i l i t y f o r 

i n t e r a c t i o n w i l l b e s t r o n g l y d e p e n d e n t o n t h e a b i l i t y o f t h e c e l l s t o 

r e p a i r t h e r a d i a t i o n - i n d u c e d s i n g l e - s t r a n d b r e a k s a n d t h e a g e n t - i n d u c e d 

s i n g 1 е - s t r a n d l e s i o n s . N o r m a l c e l l s r e p a i r s i n g 1 e - s t r a n d b r e a k s r a p i d l y 

a n d t h i s i s u n l i k e l y t o b e t h e c r i t i c a l r e p a i r p r o c e s s , b u t m u c h l e s s 

i s k n o w n a b o u t t h e a b i l i t y o f c e l l s t o r e p a i r c h e m i c a l l y i n d u c e d s i n g l e -

s t r a n d l e s i o n s i n D N A . T h e a n a l y s i s i n d i c a t e s n o t o n l y t h a t r a d i a t i o n w i l l 

i n t e r a c t s y n e r g i s t i c a 11 y w i t h a n y a g e n t w h i c h i s c a p a b l e o f i n d u c i n g 

D N A s i n g 1 e - s t r a n d e d l e s i o n s , w h i c h p r o b a b l y i n c l u d e s a l m o s t a l l e n v i r o n -

m e n t a l m u t a g e n s , b u t i t a l s o i n d i c a t e s t h a t d i f f e r e n t c h e m i c a l a g e n t s w i l l 

i n t e r a c t s y n e r g i s t i c a 11 y w i t h e a c h o t h e r . 

T h e e v i d e n c e p r e s e n t e d i n t h i s a n a l y s i s i n d i c a t e s t h a t t h e a c t i o n 

o f m u t a g e n i c a g e n t s a t b o t h t h e m o l e c u l a r a n d c e l l u l a r l e v e l i s b a s i c a l l y 

i d e n t i c a l t o t h a t o f i o n i z i n g r a d i a t i o n a n d t h e r e s e e m s t o b e n o r e a s o n 

w h y r a d i o l o g i c a l p r o t e c t i o n s h o u l d t a k e s u c h a n e x c e p t i o n a l p o s i t i o n 

i n c o n s i d e r a t i o n s o n t h e s a f e t y a n d w e l f a r e o f m a n . I n r e c e n t d e c a d e s 

t h e n u m b e r o f c h e m i c a l s u s e d i n i n d u s t r y a n d a g r i c u l t u r e w h i c h p o l l u t e t h e 

e n v i r o n m e n t h a s i n c r e a s e d t r e m e n d o u s l y a n d m a n y o f t h e s e c h e m i c a l s a r e 
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n o w b e i n g f o u n d t o h a v e m u t a g e n i c a n d p o t e n t i a l l y c a r c i n o g e n i c a n d t e r a -

t o g e n i c a c t i v i t y . R a d i o l o g i c a l w o r k e r s a n d m e m b e r s o f t h e p o p u l a t i o n 

a r e p r o b a b l y b e i n g e x p o s e d t o l o w l e v e l s o f a c o m b i n a t i o n o f d i f f e r e n t 

m u t a g e n i c a g e n t s a n d w e c a n n o t e s c a p e m a k i n g a n a s s o c i a t i o n b e t w e e n t h i s 

e x p o s u r e a n d t h e e n v i r o n m e n t a l c a u s e s o f c a n c e r . 

I n t h i s c o m p l e x e x p o s u r e s i t u a t i o n t h e s t r i n g e n t c o n t r o l o f o n e a g e n t , 

s u c h a s i o n i z i n g r a d i a t i o n , i s u n l i k e l y t o h a v e m u c h s u c c e s s i n r e -

s t r i c t i n g o r r e d u c i n g t h e g e n e r a l i n c i d e n c e o f m a l i g n a n c y . I n t h i s 

r e s p e c t i t i s i n t e r e s t i n g t o n o t e t h a t R e i s s l a n d ( 1 8 ) h a s c o n c l u d e d t h a t 

t h e H a n f o r d S t u d y r e v e a l s s t a t i s t i c a l l y a n e x c e s s o f c a n c e r o f t h e p a n -

c r e a s a n d m u l t i p l e m y e l o m a , b u t t h a t a p r o p e r a n a l y s i s c a n n o t b e m a d e 

w i t h o u t t a k i n g i n t o a c c o u n t e x p o s u r e t o m u t a g e n i c a g e n t s o t h e r t h a n r a -

d i a t i o n . L i e t a l . ( 1 9 ) h a v e r e p o r t e d a n e x c e s s i n c i d e n c e o f c a n c e r o f 

t h e p a n c r e a s a n d m a l i g n a n t l y m p h o m a i n p r o f e s s i o n a l c h e m i s t s . T h e 

c o m p l e x e x p o s u r e s i t u a t i o n p l u s t h e p o s s i b l e s y n e r g i s t i c i n t e r a c t i o n 

b e t w e e n r a d i a t i o n a n d o t h e r m u t a g e n i c a g e n t s f o r m s t h e b a s i s f o r o u r 

a r g u m e n t t h a t a n i n t e g r a l a p p r o a c h s h o u l d b e m a d e t o t h e p r o t e c t i o n o f 

m a n a g a i n s t a l l m u t a g e n i c a g e n t s i n c l u d i n g i o n i z i n g r a d i a t i o n s o t h a t i t 

w i l l b e p o s s i b l e t o r e d u c e t h e p r o b a b i l i t y f o r t h e o c c u r r e n c e o f m a l i g n a n c y 

a n d h e r e d i t a r y d e f e c t s . 

T h e e x p o s u r e o f m a n t o r a d i a t i o n h a s b e e n s t r i c t l y l i m i t e d f o r m a n y 

y e a r s b y t h e g u i d e l i n e s f o r m u l a t e d b y t h e I C R P a n d i n f u r t h e r a t t e m p t s 

t o r e s t r i c t r a d i a t i o n e x p o s u r e h a z a r d s t o a m i n i m u m I C R P 2 6 ( 2 0 ) h a s 

i n t r o d u c e d a c h a n g e i n p h i l o s o p h y a n d n e w c o n c e p t s . 

I C R P 2 6 d o e s n o t , h o w e v e r , i n d i c a t e h o w t h e e x p o s u r e o f a r a d i o l o g i c a l 

w o r k e r t o o t h e r m u t a g e n i c a g e n t s , s u c h a s o r g a n i c s o l v e n t s , i n a r a d i a t i o n 

f i e l d s h o u l d b e t a k e n i n t o a c c o u n t . T h e r e a l i z a t i o n t h a t m a n i s e x p o s e d 

t o v e r y m a n y o t h e r a g e n t s b e s i d e s r a d i a t i o n w h i c h c a n h a v e e x a c t l y 

t h e s a m e l o n g - t e r m h e a l t h h a z a r d s c o u p l e d w i t h t h e p o s s i b i l i t y t h a t a 

s y n e r g i s t i c i n t e r a c t i o n b e t w e e n t h e s e a g e n t s a n d r a d i a t i o n c a n o c c u r 

a t l o w d o s e s o f r a d i a t i o n i m p l i e s , t o u s , t h a t t h e p r o b l e m o f a c o m p l e x 

e x p o s u r e s i t u a t i o n c a n n o t b e i g n o r e d . A n y c o m p r e h e n s i v e m e a s u r e s t o 

r e d u c e t h e g e n e r a l r i s k o f m a l i g n a n c y a n d g e n e t i c d e f e c t s m u s t 

i n v o l v e a n i n t r e g r a l a p p r o a c h t o t h e p r o t e c t i o n o f m a n a g a i n s t 

i o n i z i n g r a d i a t i o n a n d o t h e r m u t a g e n s . 
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SIGNIFICANCE OF PHOTON ATTENUATION 
FOR THE CHOICE OF QUANTITIES IN X-RAY 
PROTECTION 

L.G. Bengtsson, M. Jensen 
National Institute of Radiation Protection, 
Stockholm, Sweden 

Abstract 

SIGNIFICANCE OF PHOTON ATTENUATION FOR THE CHOICE OF QUANTITIES IN 
X-RAY PROTECTION. 

X-ray attenuation results in very uneven dose distributions in irradiated persons. This 
has important implications for the choice of quantities to be used in radiation protection. 
In this report the influence of attenuation on the organ dose equivalent, effective dose 
equivalent, shallow and deep dose equivalent indices, energy fluence, energy imparted, air kerma 
and exposure are compared. It is concluded that with the presently suggested system for limitation 
to 50 mSv/a, the deep dose equivalent index may give a safety margin by a factor of 4 to the 
effective dose equivalent. This occurs at X-ray energies like those used in dental radiology. 
Limiting the energy fluence to less than 5 J • m~2 • a"1 at antero-posterior irradiation gives a 
quite close approximation to the effective dose equivalent limit of 50 mSv • a"1 in the most 
commonly encountered X-ray energy range. In medical irradiation of patients, a close corre-
lation was found between the mean energy imparted to the patient in various examination 
types and the detriment as assessed by applying the ICRP risk-weighting factors to the calculated 
organ doses. The risk factor amounts to 0 .0002 cases of serious future injury per joule of energy 
imparted to the patient. 

1. INTRODUCTION 

The x-rays used in diagnostic radiology, radiotherapy, x-ray 
analysis and other applications are usually stopped quite 
efficiently by soft tissue. The tenth-value thickness is of 
the order of 1 m m for the softest qualities; it is less than 
10 cm in almost all diagnostic radiology uses, and exceeds 
20 cm only in a few applications in conventional x-ray 
therapy and industrial radiography. The distribution of 
absorbed dose in irradiated persons is consequently very un-
even and this should be given due consideration in the choice 
of quantities to be used in radiation protection. We have 
studied several quantities and their relation to the detriment 
against which we want to protect irradiated persons. Some 
quantities appear in the ICRP system of dose limitation and 
others have been selected to represent quite different dose 
limitation systems. 

4 8 9 
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TABLE I. 

BENGTSSON and JENSEN 

LIMITS RELATED TO QUANTITIES 

Quantity to be limited (and annual limit) 
Non-stochastic effects Stochastic effects 

Recommended Organ dose equivalent Effective dose 
dose limits (500 mSv, lens 300 mSv) equivalent (50 mSv) 

Secondary Shallow dose equi-
limits valent index (500 mSv) 

Deep dose equivalent 
index (50 mSv) 

Derived 
limits 

Kerma in air Energy fluence 
(5 J/m2) 

Older limits Exposure Exposure (5 R) 

Further, the assessment of detriment to patients in x-ray 
examinations will be discussed with reference to the ICRP risk 
weighting factors and the energy imparted to the patients. 

2. EXPOSURE LIMITATION SYSTEMS 
We will limit our discussion to occupational exposure limits, 
but our results are obviously also applicable to exposure 
limits in other situations. The dose equivalent limits given 
in the table above are those recommended by the ICRP for 
occupational exposure (l, 2). 

2.1 Methods 

We consider in turn each of several irradiation geometries. 
For each geometry, we look at a superficial point on the 
middle of the chest of the human body (the middle of the 
back at postero-anterior irradiation). 

We calculate the maximum permissible annual absorbed doses to 
this point using the four limitation systems. This is called 
the entrance dose. Since we have the same absorbed dose 
distribution in the body with all systems, the choice of 
point is not particularly critical if the purpose is to 
compare the relative doses in the four systems. 

Secondary electron equilibrium is assumed at the superficial 
point. At higher photon energies, this will require some 
translation of the point towards the interior of the body. 
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FIG. 1. Maximum annual entrance doses with various limits, as a function of HVL. The entrance 
doses refer to the middle of the chest of a reference man for antero -posterior irradiation (front), 
and to the middle of the back for postero-anterior (back). 
H s k = dose equivalent to the skin, H^ = dose equivalent to the eye lens, Hg = effective dose 
equivalent, Hj s = shallow dose equivalent index, Hj j = deep dose equivalent index, x = exposure, 
ф = energy fluence. 
The Hg curve was drawn through the marked points, the derivation of which is described in the 
appendix. The entrance dose is only given for the most restrictive of the limits for H^, H^ or 
Hg, and that of Hj s or Hj j . At postero-anterior irradiation, H^ is never the most restrictive 
and Hg attains higher values than at-antero-posterior irradiation. 

As will be shown by the results, the dose equivalent at the 
body surface is not a limiting factor for these higher ener-
gies, so the ambiguity as to surface dose is acceptable. The 
photon attenuation in the equilibrium thickness is negligible 
in the energy range considered, so no significant ambiguity 
arises as to dose equivalents deeper in the body. 

The calculations pertain to a 70 kg adult reference man and 
the 30 cm diameter index sphere. The tissue chosen is water, 
which is slightly different from the tissue composition re-
commended for the calculation of dose equivalent index (з). 
The absorbed dose as given in our figures differs at most a 
few per cent from that obtained using the strictly correct 
tissue composition. 

The numerical data were derived from published calculations 
and in a few cases also from published measurements. Several 
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approximations and extrapolations had to be done. As a rule 
the resultant values should be correct to better than + 20 %. 

Some details about the calculations are given in the appendix. 

2.2 Results 

2.2.1 Broad parallel antero-posterior beam 
Figure 1 gives the annual entrance dose permissible with the 
four limitation systems. Generally, with more penetrating 
radiations we will increase the irradiation of more deeply 
lying organs, and the permissible absorbed dose at the en-
trance of the body will decrease. 

With the recommended dose limits, the skin dose will at very 
low energies require a more strict limitation than the 
effective dose equivalent. At intermediate energies the lens 
dose will be the most restrictive, and at high energies the 
effective dose equivalent. 

If the dose equivalent index limits given by the ICRP are 
chosen, the shallow index will be the most restrictive until 
the half-value layer (HVL) exceeds about 0.1 mm Al. There-
above the deep index limit will permit gradually lower sur-
face exposures until we have practically no attenuation and 
the surface dose equals the deep index limit. The index 
limitation gives a maximum safety margin of about a factor 
of 4 around HVL = 1 mm Al. 

• • - 2 - 1 If the energy fluence is limited to 5 J-m •a we get a 
permissible entrance dose approximating that from the recom-
mended dose limit, for radiation qualities with HVL between 
about 0.5 mm Al and 2 mm Al. At higher half-value layer 
the energy fluence limitation gives considerable overprotec-
tion. With HVL below 0.5 mm Al, additional limitation will 
be necessary. 

Limitation of the exposure to 5 R-a--*- gives safety margins 
by more than a factor of 10 for soft x-rays. Limitation to 
other values gives a corresponding vertical displacement of 
the curve. 

If air kerma in free air is used instead of exposure, the 
shape of the curves will not change in the energy range con-
sidered. One might for instance provide the additional 
protection necessary with soft x-rays by supplementing the 
energy fluence limit with an air kerma limit of 300 mGy a--*-. 
This would correspond to a vertical displacement of the curve 
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FIG.2. Maximum annual entrance dose to the middle of the chest with various limits, as a 
function of HVL. Rotating broad parallel beam (Compare Fig.l). Theoretically, the maximum 
skin dose equivalent occurs at the top of the head, and the entrance dose in the figure is lowered 
accordingly. This is not relevant for any practical situation. 

for 5 R-a - 1 by a factor of 6.89 (0.3/(5X2.58X 10" 4X 33.73)). 
Such a limitation would take over at HVL below about 0.7 mm 
Al. It would give a safety margin with soft x-rays by less than 
a factor of 2. 

2.2.2 Broad parallel postero-anterior beam 
The results for this geometry are also given in Figure 1, as 
maximum permissible annual absorbed dose at'the middle of 
the back. They are the same as those of the antero-posterior 
beam except for the eye limit,which is uninteresting, and the 
effective dose equivalent limit,the application of which permits 
higher entrance doses than in the antero-posterior case. The 
margins to the other limitation systems increase correspond-
ingly. 

2.2.3 Rotating broad parallel beam 
In this case, the maximum dose to the individual will occur 
at the top of the head, where there is no self-shielding. 
Consequently, at low photon energies with almost complete 
self-shielding the maximum permitted dose at the middle of 
the chest will be slightly above one-half of that at the top 
of the head, since practically no backscattering occurs at 
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FIG.3. Maximum annual entrance dose to the middle of the chest with various limits, as a 
function of HVL. Isotropic incidence (Compare Fig.l). The most restrictive skin dose is taken 
as that to the fingers, represented by a free sphere of radius 1 cm. 

these low energies. The analog consideration holds for the 
shallow index sphere. The point of maximum dose in the deep 
index sphere will be displaced from the equator towards the 
poles at HVL above a few mm aluminium. 

Figure 2 shows the results. The safety margin of the deep 
dose equivalent index shrinks to about a factor of 2.5. The 
energy fluence and exposure become more restrictive than in 
the monodirectional case because of self-shielding. The energy 
fluence limit gives a safety margin approximating that of the 
deep index limit up to about HVL = 4 mm Al. 

This case is really not very realistic and is introduced for 
the purpose of illustration only. In a real case of rotation, 
probably the moving fingers would require the predominant re-
striction with soft x-rays. 

2.2.4 Isotropically incident beam 
In this case the maximum individual dose will occur at the 
finger tips if they are kept unshielded in a normal working 
position away from the body. A free tissue sphere of diameter 
1 cm or 2 cm would get an exposure of at most 45 % and 30 %, 
respectively, above that on the body surface at the low 
energies where the organ dose limit is the most restrictive. 
We have for simplicity in Figure 3 assumed that the fingers 
can be approximated by 2 cm diameter tissue spheres. 
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The shallow dose equivalent index limit becomes unduly per-
missive. The deep index limitation will permit about the same 
entrance exposures as in the rotating beam case. The energy 
fluence and exposure limitations give entrance doses slightly 
higher than those in the rotating beam case, except at higher 
energies where the isotropic incidence requires stricter 
limitation. The margins from the energy fluence and deep 
index limits to the effective dose equivalent limit are 
typically about a factor of 2. 

2.2.5 Monodirectional beam covering part of the body 
In partial irradiations, similar problems arise with all of 
the four limitation systems. In practice, the area with the 
maximum dose rate will be sought and protection will in most 
cases be based on the assumption that all parts of the body 
obtain that maximum dose. 

Experience from medical exposure presents an interesting 
alternative. The irradiation is often extremely non-homogeneous. 
Still, determination of the mean energy imparted gives often 
a good approximation to the stochastic radiation risk, as 
will be shown below. Possibly, this could be an alternative 
to risk evaluation also in the case where dose limitation 
is applicable. The method would be equivalent to finding 
the mean absorbed dose to the body and applying the effect-
ive dose equivalent limit to this mean dose. 

2.3 Discussion 

The diagrams presented can be used to choose • a limitation 
system dependent on the situation at hand. Obviously, the 
skin dose and sometimes the eye dose are limiting at very 
low x-ray energies, below 15-20 keV, for instance with 
typical parasitic x-rays and those used in mammography. 
Sufficient protection is then obtained through limitation of 
the shallow dose equivalent index to less than 500 mSv/a, 
provided that some overexposure of smaller body parts is 
accepted in the case of multidirectional irradiation of these. 
A dosemeter placed on the trunk of an individual does not, 
however, represent the shallow index in the case of a rotat-
ing parallel beam. Obviously the use of such a dosemeter to-
gether with the shallow index limit may in theory lead to 
over- or under—protection by up to a factor of 2 in relation 
to the organ dose limit. In practice, this does not consti-
tute a significant problem. 

In cases of predominantly monodirectional irradiation, 
limitation of the air kerma to less than 400 mGy/a gives 
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about the same protection as limitation of the shallow index 
to 500 mSv/a. Such a case would pertain to irradiation of 
TV-viewers with parasitic x-rays. 

At x-ray energies above 15-20 keV, the effective dose equi-
valent limit will be the most restrictive. In cases of pre-
dominantly monodirectional irradiation with photons in a 
rather narrow energy band, limitation of the deep dose 
equivalent index may well be practicable, but the limit should 
be raised above 50 mSv/a to account for the additional pro-
tection provided by the body attenuation. In the case of 
personnel protection in Swedish dental radiology, for instance, 
(50-70 kV, HVL = 1-2 mm Al), limiting the deep dose equivalent 
index to less than 200 mSv/a would correspond to keeping the 
effective dose equivalent below 50 mSv/a. 

When a wide range of photon energies is involved and the 
irradiation geometries are varying, the deep dose equivalent 
index provides sufficient safety. If the safety margins are 
considered too wide, one should look for a measurement method, 
the energy dependence of which resembles closely that of the 
effective dose equivalent index. In this case the energy 
fluence becomes interesting for half value layers froç about 
0.5 to 5 mm Al. A suitable limit would then be 5 J-m -a ^. 
Some related factors involved in setting regulatory limits 
have been discussed elsewhere (a). 

3. MEDICAL EXPOSURE 

The assessment of radiation risks to patients in diagnostic 
radiology is very confusing because of the uneven distribution 
of radiation dose. The absorbed dose where the radiation beam 
enters the patient is often more than a hundred times higher 
than the exit dose. Intricate projections such as those em-
ployed in tomographic procedures add to the complexity. A fair 
description of the absorbed dose distribution must as a rule 
be very detailed, and still gives few clues to the associated 
radiation risk. It is of little use when the doctor decides 
whether to perform an x-ray examination or not and wishes to 
put a measure of radiation risk in the balance. 

3.1 Non-stochastic risks 

No primary dose limits can be applied to medical exposure, 
but it seems reasonable to assess patient risks by the same 
criteria as occupational and other risks where limits have 
been recommended by the ICRP. For non-stochastic risks, the 
ICRP limits for occupational exposure may be by far exceeded, 
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FIG.4. Estimate of correlation between detriment in medical examinations and the energy 
absorbed in the patient per examination. Each point represents one type of examination, 
the highest point for instance representing retrograde pyelography. Risk estimates for various 
tissues were those given for fatal risk for cancer and for genetic defects by the ICRP. The 
dashed line corresponds to a risk of 0.014 cases per Sv for irradiation of a reference man 
(70 kg). Squares and circles are from Ref. [7], triangles from Ref. [é1]. The filled square for 
single intra-oral dental films is based upon the ICRP risk estimate. If a salivary gland cancer 
risk [6] is included, the open square results. 

and further identification of particularly sensitive organs 
may be required. This may start from a study of tolerance 
doses mainly established from experiences in radiotherapy (5). 
A discussion of the application of tolerance doses to non-
stochastic risks in dental radiology (б) shows that many 
uncertainties exist, but most likely the eye lens and the 
testes are about one order of magnitude more sensitive than 
any other organs. The probability of significant non-stochastic 
damage to the eyes and testes exceeds a few per cent only at 
doses above several gray, corresponding to at least ten of the 
most dose-demanding examinations or a hundred of the more 
frequent types. Averaged over all examination types, the dose 
distribution in the body tends to be rather uniform (7). Thus 
for assessment of non-stochastic damage it might be sufficient 
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to look at the dose equivalent to the eye lens and the testes, 
as estimated from measurements with small dosemeters placed 
near these organs. 

3.2 Stochastic risks 
Interest in the assessment of stochastic risks from medical 
irradiation is rising,as shown by several recent reports (7,8,9). 
Some kind of index to the stochastic risk is sought. We advocate 
the use of a general index which includes both somatic and 
genetic stochastic effects. If the ICRP weighting factors are 
used for assessment of the detriment, it turns out that the 
energy imparted to the patient is a good index to the stochas-
tic risks. The results from extensive field measurements on 
Swedish patients are shown in Figure 4. The straight line 
represents a risk of 0.0002 cases of serious future injury per 
joule of energy imparted to patients. The dots representing 
the various examinations fall within about a factor of 2 from 
this line, and so do also the few comparisons with literature 
results. 

An index directly based on the energy imparted has several 
advantages beside the rather good correlation with radiation 
risk: 

о It is based on a well-defined physical quantity 

о Summing up several individual risks to a collective risk 
is straightforward 

о The quantity can be easily assessed using transmission 
chambers measuring the exposure-area product 

о The quantity energy and the unit joule are well known in 
other contexts. 

The detriment considered, cancer mortality and serious genetic 
defects, is very crude. Its simplicity is an advantage as well 
as a disadvantage. An index not related to the individual is 
useful for crude risk estimates, for information of personnel 
with little experience of risk estimates etc. Where the risk 
estimate turns out to be a critical factor in the doctor's 
decision about an important examination, however, a better 
index is desirable. We thus emphasize the need for further 
research into refined indices (9) allowing also for the 
patient's age and sex. 
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4. CONCLUSIONS 

Photon attenuation is very significant in a broad energy range 
in x-ray protection. Therefore, simplified quantities do not 
easily adjust to the recommended quantities : organ dose equi-
valent and effective dose equivalent. For instance, the deep 
dose equivalent index may give overprotection by more than 
a factor of 4 in comparison with the effective dose equivalent. 
Limitation of the shallow dose equivalent index, on the other 
hand, does not give sufficient protection of the extremities 
in the case of multidirectional irradiation. We thus feel that 
further investigation is justified concerning the setting of 
dose equivalent index limits and concerning alternative dose 
limiting systems. 

In the case of medical exposure, there is a very good correla-
tion between the stochastic risk and the energy imparted to 
the patient, with a risk factor of 0.0002 cases of serious 
future stochastic injury per joule of energy imparted. The 
energy imparted might possibly be interesting as part of a 
system for limiting partial body irradiation. 

Appendix 

CALCULATION OF ORGAN DOSES 

Organ doses for beams of gamma rays impinging on a phantom were collected from the 
literature ( 1 0 - 1 7 ) . These include results from Monte Carlo calculations ( 1 0 - 1 5 , 17) for parallel 
beams of monoenergetic photons as well as for polyenergetic beams simulating diagnostic X-ray 
exposures, and results from measurements on a Rando phantom (16). Table AI gives our choice 
of references for doses to the listed organs. We let the average trunk dose represent the 'remainder' 
organs which have the weight 0.3 according to the ICRP (1). The average trunk dose equivalent 
does not differ by more than a factor of 2 from the effective dose equivalent for any geometry 
in our calculations. 

Organ doses from the literature ( 1 0 - 1 7 ) are available either as tissue-air ratios or as dose 
per unit fluence. The surface dose was calculated either as the product of photon fluence, 
photon energy, mass energy absorption coefficient for water and backscatter factor, or as the 
product of free air exposure, f-factor for water and backscatter factor. The surface absorbed 
dose in water for one incident photon per square centimetre was in this way calculated to be 
0.467 pGy for 50 keV photons, as compared with a literature value (11) of 0 .476 pGy. 

For a broad parallel beam rotating around the body the effective dose equivalent at 
H V L = 0.75, 1.4, 2.3 and 5.7 mm Al was calcualted assigning a weight of. one-fourth of the 
2 7Г angle to each of the effective dose equivalents from the four main directions: antero-
posterior, right lateral, postero-anterior and left lateral. The absorbed dose to a point on the 
centre of the chest was calculated accounting only for the я radians in front of the reference 



TABLE AI. REFERENCES USED FOR THE CALCULATION OF EFFECTIVE DOSE EQUIVALENT 
The reference number is given for the specified photon energy, geometry (antero-posterior, postero-anterior, lateral or 
isotropic) and organ. 
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13 13 13 13 13 13 16 * * 

10 10 10 10 10 10 16 12 17 

10 10 17 

10 10 17 

m w Z Cl H 09 K> О 
•z 

Lung 

Thyroid 

15 

10 

14 15 

15 

" e x " e x " e x " e x " e x 

10 10 10 10 10 16 11 17 

11 11 17 

10 10 17 

и 
со M 2 

Bone 
surfaces " e x " e x II» " e x " e x " e x " e x " e x " e x ^ " 17 II 11 17 

Remainder 
(Av. trunk) 

TA TA TA TA TA TA TA TA TA 16 11 17 11 11 17 

* Estimate from depth dose data 
ex = extrapolated value 
TA = total absorption 
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TABLE AIL TYPICAL ERRORS 

t r % o î orsan » „f h Type of error i t <° E 
dose equivalent 

Difference in reference medium ^ 
and choice of backscatter-factor 

Mixing poly- and monoenergetic beams 25 15 

Extrapolation of dose against HVL or energy 25 5 

Underestimation of H g for rotational geometry 25 25 

man. The effective dose equivalent point at HVL = 30 mm Al was calculated from Ref.(20) for 
a broad spectrum of environmental gamma rays. A comparison of calculated effective dose 
equivalent values at 50 keV with measurements (16) at H V L = 0.25 mm Cu (effective energy 
47 keV) showed a difference of 5%. Another comparison of the antero-posterior lung dose 
between calculation and measurement (16) showed a difference of 31% at the same energy. 

ERRORS 

The uncertainty in our computations arises both from the use of a mixture of mono-
and poly-energetic beams and from differences in reference conditions. Table All shows 
typical errors in the dose to a single organ and its influence on the error in the effective dose 
equivalent, Hg . 

Statistical errors in existing studies using Monte Carlo technique amount to only a few per cent. 
The larger systematic errors point to the need for such data for all organs necessary to compute 
the effective dose equivalents to the reference man. However, the errors in the present study, 
although large, are not expected to influence appreciably our conclusions. 

OTHER CALCULATIONS 

Many calculations were based on published central axis depth dose data or tissue-air 
ratios (18). Thus the lens dose was taken as the dose at 3 mm depth using the columns with 
the maximum field area ( 2 0 0 cm 2 or 400 cm 2) . Analogously the deep dose equivalent index 
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was obtained from the dose at 10 mm depth. Recalculation to infinite source-skin distance 
was done when necessary. Doses in the index sphere were calculated using numerical integration 
over angle or solid angle based on tissue-air ratio data. 

Conversion from half-value layer to effective energy was obtained using published attenu-
ation coefficients with coherent scattering (19), and the same source (19) was used for f-factors 
and mass energy absorption coefficients. 
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DISCUSSION 

on papers SR-36/19, SR-36/30 and SR-36/20 

H. VIALETTES: I think that it is important at seminars like this for radiation 
protection practitioners to make their problems known to the theoreticians, 
so that the latter can direct their work along more practical lines. In this 
connection, I would like to point out to Mr. Kramer (whose phantom appeared 
not to have any arms) that the greatest practical radiation protection problems 
we are currently encountering at Saclay are connected with irradiation of the 
fingers of operating personnel. 

R. KRAMER: Our MIRD-5 phantom does of course have arms, but they 
are constructed to lie vertically, close to the trunk. One would therefore have to 
use other exposure models to assess dose equivalent to the hands. 

H. VIALETTES: I would like also to say to Mr. Bengtsson that the calibration 
of beta-detectors provided by primary standard calibration laboratories is 
unsatisfactory for our purposes because it is carried out for detectors placed at 
a certain distance from point sources, whereas our problems arise with irradiation 
from extended sources (for example, syringes containing radioactive solutions) 
in contact with the operator's.hands. 

E. KUNZ: I have a question about the use of the mean energy imparted as 
a measure of stochastic risks. If there is a good correlation between this quantity 
and the stochastic risks to the patient calculated with the aid of the weighting 
factors from ICRP-26, would it not be possible to replace the effective dose 
equivalent by a simpler unweighted quantity? 

L.G. BENGTSSON: One thing that it is tempting to do is to redefine the 
deep index so that it relates to the mean dose equivalent in the index sphere 
rather than to the maximum. This would come to the same thing as using the 
mean energy imparted to represent the effective dose equivalent. 

S.R. WAGNER: While I appreciate the merits of the dose equivalent index 
concept for general considerations, I want to point out that it does not lend 
itself easily to measurements, because the location and height of the maximum 
dose equivalent in the 30-cm sphere depend very much on the energy and angular 
distribution of the radiation within the sphere. This means that the scattering and 
absorption properties of the sphere have a pronounced effect. Of course, this is 
an essential property of the dose equivalent index as it reflects in a simplified 
manner the similar property of the effective dose equivalent. As the response of 
practically all radiation detectors is proportional to some integral radiation-field 
quantity at the location of the detector (exposure, energy fluence or particle 
fluence), it is clear that such detectors cannot be calibrated in a consistent manner 
to the unit of dose equivalent index. The ratio of the detector reading to the 
dose equivalent index can be as high as 6.4 in neutron fields, for example, as 

5 0 5 
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Harvey demonstrated several years ago; a factor of 1.6 comes from the 
"non-addibility" of the energy components and a factor of 4 from that of the 
angular components. Hence it would be misleading to regard such a detector 
as indicating the dose equivalent index. What it does show is an "operational" 
quantity which, of course, can be related to the index, but the relation remains 
quantitatively unknown in most practical cases where we have no information 
on the energy and angular distributions in the receptor free radiation field — 
a situation where the [CRP intended the dose equivalent index concept to be 
used. This point also needs to be borne in mind in cases where optimization 
procedures are based on measurements. 
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Abstract 

DEVELOPMENT OF RADIOLOGICAL CRITERIA FOR NUCLEAR WASTE MANAGEMENT. 
Development of criteria for the safe disposal of nuclear wastes in geologic media requires 

the establishment of definitive objectives against which the adequacy of various waste manage-
ment methods may be judged. This report suggests certain guidelines that might serve as first 
approximations pending promulgation of official criteria. These include the following proposals: 
(a) The allowable radiation dose to individuals should be related to the predicted probability 
of receiving the dose such that as the dose increases, the event(s) leading to that dose should 
become less probable. A quantitative relationship is developed and discussed, (b) Selection of 
a waste management method should be made in accordance with the principles of ALARA, 
(с) Doses to future generations should be considered to be equally serious as doses to present 
populations, (d) When the hazard potential of an underground nuclear waste repository 
becomes less than that of typical hazardous ore formations (i.e. 0.2% uranium ore), further 
concern is unwarranted. 

1. INTRODUCTION 

Nuclear waste contain ing mater ia ls of high r a d i o a c t i v i t y and 

long h a l f - l i f e requires safe handling and e f f e c t i v e i s o l a t i o n from 

the biosphere. Methods f o r the management of t h i s waste general ly 

c a l l f o r i t s disposal i n geologic media. Development of c r i t e r i a 

f o r the safe disposal o f nuclear waste in geologic media requires 

the establishment of d e f i n i t i v e object ives against which the ade-

quacy of various waste management (WM) methods may be judged. 

Development of these object ives has been the goal of several 
П ? 3 1 

past and ongoing e f f o r t s L ' ' J cons is t ing p r ima r i l y of review 

and assessment of the issues involved and development of a method-

ology f o r es tab l ish ing c r i t e r i a . However, d e f i n i t i v e c r i t e r i a 

have not as yet been set . Other ongoing programs are designed to 
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determine performance c r i t e r i a f o r various waste management pro-
grams such as waste s o l i d i f i c a t i o n ^ a n d reposi tory s i t e su i t a -

Г51 
b i l i t y . JThe ef fect iveness of these programs depends upon the 

establishment of d e f i n i t i v e overal l c r i t e r i a tha t r e f l e c t the 

desired goals and object ives fo r nuclear waste managment. 

I t is general ly accepted that the over r id ing object ive of 

acceptable WM programs is to protect present and fu ture genera-

t ions from the adverse e f fec ts of exposure to ion iz ing rad ia t i on . 

To judge the ef fect iveness of any WM method or operat ion, i t is 

therefore necessary to develop object ives fo r l i m i t i n g the ex-

posure of the publ ic to rad ia t ion , or Radiological Performance 

Objectives (RPO). The purpose of t h i s exercise is to determine 

a set of unambiguous, quan t i ta t i ve RPO fo r exposure resu l t i ng 

from WM operat ions. The fo l lowing considerat ions provide a basis 

fo r t h i s determinat ion. 

О The RPO can serve as "ob jec t ive funct ions" in the assess-

ment of various waste management model resu l t s . Such 

object ive funct ions are necessary fo r judging the impor-

tance of various parameters in s e n s i t i v i t y analyses. 

О The RPO might also be of value as guidel ines in the devel-

opment of regulat ions governing waste-management opera-

t ions . 

О The RPO should, f o r present purposes, be based as much as 

possible on precedent (ex i s t i ng ru les , regu la t ions , c r i -

t e r i a , accepted good p rac t i ce , current l i t e r a t u r e , e t c . ) 

and best professional judgment. 

О The goal o f the work i s to develop RPO f o r waste-manage-

ment operations that are e x p l i c i t , quan t i t a t i ve , appl ica-

b l e , and defensib le. 

О I t i s intended tha t the RPO determined here serve as a 

framework f o r f u r t he r discussion. They can also funct ion 

as guidel ines f o r assessment of WM operations u n t i l such 

time as more permanent c r i t e r i a f o r radioact ive waste are 

developed. 
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1.1. Method 

To accomplish the task of formulat ing the RPO, a working 

committee was establ ished a t the Lawrence Livermore Laboratory 

(LLL) composed of people knowledgeable about the e f f ec t s of ion-

i z ing r ad i a t i on , waste-management methods, and other re levant 

areas. 

The committee neld per iod ic meetings a t which issues were re-

viewed, concepts f o r t h e i r reso lu t ion were advanced and discussed, 

and re la ted studies were evaluated. Early d ra f ts were widely c i r -

culated and comments received. As a r e s u l t , ce r ta in concepts were 

modif ied and re i t e ra ted u n t i l a consensus of the committee was 

reached. This report summarizes the conclusions reached. 

1.2 Background 

Regulations and guidel ines tha t e x i s t or have been proposed 

f o r nuclear operations are based on the recommendations of two 

important organizat ions: The In te rna t iona l Commission on Radio-

log ica l Protect ion (ICRP) and the National Council on Radiation 

Protect ion and Measurements (NCRP). Over the years these two 

bodies have provided both phi losophical and prac t i ca l bases f o r 

rad ia t ion p ro tec t ion gu ide l ines. I n i t i a l l y they were concerned 

p r imar i l y wi th x-ray and radium exposure, and they set maximum 

permissible dose rates fo r persons occupat ional ly exposed to ion-

i z ing rad ia t i on . 

In 1946 the NCRP was reorganized and enlarged, and in 1950 

the ICRP made simil iar organizat ional changes so that the many new 

rad ia t ion problems introduced w i th the operat ion of the f i r s t man-

made nuclear reactor on December 2, 1942, could be given approp-

r i a t e considerat ion. Several years l a t e r , rad ia t ion dose l i m i t s 

were suggested - not recommended - fo r the general populat ion, and 

maximum permissible concentrat ions of radionucl ides in a i r and 

water were recommended f o r rad ia t i on workers. 

Most recen t l y , the ICRP summarized the goals of rad ia t i on 

protect ion as f o l l o w s : ^ 
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The aim of rad ia t ion protect ion should be to prevent d e t r i -
mental nonstochastic e f fec ts and to l i m i t the p robab i l i t y 
o f stochast ic e f fec ts to levels deemed to be acceptable.1 

Recommended regulatory l i m i t s f o r environmental r a d i o a c t i v i t y 
have been promulgated by a number of agencies at a l l levels of the 
Federal government. Detai ls of these regulat ions and the environ-
mental r a d i o a c t i v i t y regulatory s t ruc ture are discussed in the l i t -

ГУ 81 
te ra ture ' .JIn add i t i on , the U. S. Environmental Protect ion 

Agency (EPA) promulgates regulat ions under T i t l e 40, Protect ion of 

Environment, o f the Code of Federal Regulations (CFR) ^ R e c e n t 

regulat ions issued by the EPA have been concerned wi th dr ink ing 

w a t e r ^ - ' a n d the uranium fue l cycle ^ ^ A n o t h e r regulat ion is Г121 
planned in the near fu tu re fo r rad ioact ive wastes L -

Another concept in dose l i m i t a t i o n s is "as low as reasonably 

achievable" (ALARA). Numerical c r i t e r i a f o r t h i s concept, as appl ied 

to nuclear power reactors , are contained in 10CFR50, Appendix I 

This same philosophy should carry over in to the performance objec-

t i ves f o r nuclear waste management. Г141 
Toy, Boegel, and CohenL Jhave reviewed spec i f i c regulat ions 

and guidel ines f o r waste management. They conclude that the most 

important and possibly overr id ing considerat ion in rad ioact ive 

waste management is the rad ia t ion dose to man. Federal regula-

t i o n s ^ -'requi re tha t operations resu l t i n releases of rad io-

a c t i v i t y and rad ia t ion exposures that are as low as reasonably 

achievable,taking in to account technology, economics, and publ ic 

health and safety . I f one accepts the l i n e a r , no-threshold hypo-Г151 thesis f o r the b io log ica l e f fec ts of radiat ion,1- J the un i t of 

rad ia t ion dose used to evaluate ALARA is man-rem. This i s the 
Г131 approach taken in 10CFR50, Appendix I L J . 

1 Stochastic effects are the consequences of exposure to low radiation doses. The 
probability of their occurrence is dependent on the dose level. It is assumed that there is no 
threshold for their occurrence. Nonstochastic effects result from exposure to high radiation 
doses. The severity of the effect is a function of dose level. Nonstochastic effects do not 
occur below a certain threshold of radiation exposure. 
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The r a d i a t i o n dose to the general pub l i c from waste manage-

ment operat ions w i l l be very small i f operat ions proceed accord-

ing to design. Unplanned releases have the po ten t ia l to c o n t r i b -

ute as much r a d i a t i o n exposure as normal operat ions, or even more. 

While no regu la t ions have been found tha t apply d i r e c t l y to waste 

management and give guidance on acceptable i nd i v idua l or popula-

t i o n exposures under accident cond i t i ons , 10CFR100 (Reactor S i t -

ing C r i t e r i a î ' - ^ g i v e s some guidance f o r reactors by s e t t i n g max-

imum dose to the pub l i c from po ten t i a l acc idents. 

The ICRP and N C R P ' - 1 7 - ' do not address themselves to the issue 

of l i m i t s f o r r ad i a t i on exposure to the pub l ic r e s u l t i n g from un-

l i k e l y accidenta l releases of rad ioac t i ve mate r ia l s . However, the 

I C R P ' - 6 - ' does set down the f o l l ow ing l i m i t a t i o n s : 

In order to prevent any one organ or t i ssue from rece iv ing 

a t o t a l dose which could con t r i bu te s i g n i f i c a n t l y to the 

induc t ion of nonstochast ic e f f e c t s , an over r id ing annual 

dose-equivalent l i m i t o f 50 mSv [5 rem] should apply . This 

l i m i t i s considerably lower than the corresponding l i m i t s 

recommended f o r prevent ion of nonstochast ic e f f e c t s a f t e r 

occupational exposure. The i n t e n t i o n i s to ensure tha t the 

longer exposure per iod and the p rac t i ca l d i f f i c u l t i e s in 

c o n t r o l l i n g the t o t a l exposure from a l l sources w i l l not 

r e s u l t in th resho ld doses f o r nonstochast ic e f f e c t s being 

reached. 

This ICRP statement can provide a guide f o r es tab l i sh ing per-

formance ob jec t ives f o r u n l i k e l y releases of rad ioac t i ve ma te r ia l s . 

2. BIOLOGICAL CONSIDERATIONS 

One of the basic considerat ions of the ICRP is to l i m i t both 

occupational and general populat ion exposures to r a d i a t i o n in order 

tha t the m o r t a l i t y r i sks ( p r i m a r i l y from cancer) can be kept to an 

acceptably low leve l ^ . With regard to occupational r i s k , the 
-4 

average m o r t a l i t y ra te from i n d u s t r i a l accidents i s 10 per 

man-a ^ . A c c o r d i n g l y , the ICRP has postu lated tha t i f the r i s k 
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from rad ia t i on i s kept below t h i s leve l o f r i s k , i t should also 
П 5 1 be considered acceptable. On the basis of the BEIR report,1- J 

the r i s k of i ncu r r i ng a f a t a l cancer from whole-body exposure to 
-4 

rad ia t i on i s about 10 /man-rem. Thus, the average rad ia t i on 

worker should be exposed to no more than about 1 rem/a. 

On the basis of data contained in the 1977 UNSCEAR r e p o r t ^ 8 - ' 

the average rad ia t i on worker receives about one-tenth as much ex-

posure as does the small group of workers t ha t receives the high-

es t exposure. Thus, the maximum exposure consis tent w i th an 

average exposure of 1 rem/a is 10 rem/a, or double the maximum 

occupational exposure recommended by the ICRP. Hence, the ICRP-

recommended maximum occupational exposure i s cons is tent w i t h main-

t a i n i n g the r i s k to the average rad ia t i on worker below an accept-

ably low l e v e l . 

I t is conservat ive to assume tha t an acceptable r i s k level 

f o r the general pub l ic should be one-tenth tha t f o r i n d u s t r i a l 

exposures. The ICRP-recommended maximum whole-body exposure to 

i nd i v i dua l s or c r i t i c a l groups of the general pub l ic (500 mrem/a) 

i s cons is tent w i t h an average populat ion exposure of 50 mrem/a, 

which represents a r i s k of 5 x 10"^ f a t a l i t i e s / m a n - a . Thus, the 

ICRP exposure recommendations fo r the general pub l ic would repre-

sent an acceptable r i s k . 

The ICRP ' - 6 - ' recommends tha t dose l i m i t a t i o n be "based on the 

p r i n c i p l e t ha t the r i s k should be equal whether the whole body i s 

i r r a d i a t e d uni formly or whether there i s non-uniform i r r a d i a t i o n " . 

Note tha t t o t a l whole-body exposure can be re la ted to exposure o f 

i nd i v i dua l organs and ind ica ted by ICRP Pub l ica t ion 26, when the 

i n t e rna l doses to each of 11 organs are ca lcu la ted , summed, and 

added to the external (whole-body) exposure to obtain a corrected 

value of t o t a l whole-body exposure. Again quoting from ICRP Pub-

l i c a t i o n 26, page 21 : к This cond i t ion w i l l be met i f 

Ç » T H T ± H w b , L ( D 
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where Wy i s a weighting f ac to r representing the proport ion 

of the stochast ic r i sk resu l t i ng from t issue (T) to the 

t o t a l r i s k , when the whole-body is i r r ad ia ted un i fo rmly , 

Ну is the annual dose equivalent in t issue (T) , H ^ ^ is 

the recommended annual dose-equivalent l i m i t f o r uniform 

i r r a d i a t i o n of the whole body" . 

"The values of Wy recommended by the Commission are shown 

below:2 

Tissue WT 

Gonads 0.25 
Breast 0.15 
Red bone marrow 0.12 
Lung 0.12 
Thyroid 0.03 
Bone surfaces 0.03 
Remainder 0.30 

The value of Wy fo r the remaining t issues requires f u r t he r 

c l a r i f i c a t i o n The Commission recommends tha t a value 

of Wy = 0.06 is appl icable to each of the f i v e organs or 

t issues of the remainder rece iv ing the highest dose equiv-

a len ts , and tha t the exposure of a l l other remaining t issues 

can be neglected. (When the gas t ro - i n tes t i na l t r a c t i s 

i r r a d i a t e d , the stomach, small i n t e s t i n e , upper large i n -

t e s t i n e , and lower large i n tes t i ne are t reated as four 

separate organs. ) " 

The ICRP approach o f fe rs a convenient and s t ra igh t fo rward 

method fo r convert ing organ doses to a s ing le whole-body equivalent 

dose. Use of t h i s whole-body equivalent dose rather than separate 

organ doses can be f a r less cumbersome and confusing in r i s k 

assessment app l i ca t ions . 

3. ACCEPTABLE RADIOLOGICAL EXPOSURE LEVELS FOR THE PUBLIC 

As previously discussed, current standards f o r publ ic rad ia-

t i o n exposure are not e n t i r e l y appl icable to waste-management 

2 With the provision that no organ will receive more than 5.0 rem/a in any case. 
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operat ions. In such operat ions, there w i l l , wi th minor exceptions, 

be no planned release of r a d i o a c t i v i t y to the biosphere. Any re-

lease would resu l t from unplanned or accidental condi t ions. Pre-

d ic t ions about such a release must therefore consider both the conse-

quences of the release and the p robab i l i t y of i t s occurrence. The 

consensus of the committee was that the proposed RPO should l i m i t 

the maximum consequences in re la t i on to the p robab i l i t y of t h e i r 

occurrence. 

For purposes of RPO determinat ion, waste-management a c t i v i t i e s 

can l o g i c a l l y be categorized in to preseal ing and postseal ing opera-

t ions . 

Presealing operations would consist of a l l handling and t rans-

por ta t ion a c t i v i t i e s occurr ing subsequent to waste production and 

extending up to the time the reposi tory is sealed. These opera-

t ions occur over a r e l a t i v e l y short time scale, and the probab i l -

i t i e s fo r events resu l t i ng in radioact ive releases can be reason-

ably expressed in terms of annual frequency. 

Postsealing events causing radioact ive releases can resu l t 

i n human exposure over a prolonged period of t ime. These events 

are geologic in nature, and the p robab i l i t y o f t h e i r occurrence 

in any given year is extremely low. I t i s therefore reasonable 

to consider the p robab i l i t i e s of t h e i r occurrence over more pro-

longed t ime periods. 

Analysis of the hazard potent ia l of h igh- leve l waste repos-

i t o r i e s reveals that rad ioact ive decay diminishes the r e l a t i v e 

t o x i c i t y o f the reposi tory contents to a point t ha t they 
eventual ly become less tox ic than many na tu ra l l y occurr ing geo-

П91 
log ic formations.1- J This would also apply to shallow land 

bu r ia l of low- level waste or any waste form deposited in the 

ear th ' s c rus t . 

The committee bel ieves that when enough time has elapsed 

fo r the hazard potent ia l of the waste to become less than tha t 

of many na tu ra l l y occurr ing geologic format ions, then no fu r t he r 

special concern w i l l be warranted. 



IAEA-SR-36 /22 5 15 

The time span between waste emplacement and the occurrence 

of t h i s condi t ion is termed the "per iod of concern" (РОС). As a 

f i r s t approximation, i t is reasonable to assume tha t the РОС 

terminates when the r e l a t i v e t o x i c i t y o f the repos i tory contents 

becomes less than tha t of 0.2% uranium ore (the t yp i ca l grade of 

ore from which uranium fo r reactor fue l i s ex t rac ted) . For a 

h igh- leve l waste repos i to ry , t h i s period i s estimated to l a s t 
f i g "I 

about 1000 a from the time tha t the repos i tory is sealed L J . 

Therefore, the p robab i l i t y f o r occurrence of events resu l t i ng in 

rad ioact ive releases is considered only during the РОС. For d i s -

posal o f spent f u e l , the РОС may l a s t considerably longer, be-

cause of the s i g n i f i c a n t l y higher content o f l ong - l i ved ac t i n ides . 

In any case, i t should be assured that the cumulative r i s k to 

fu tu re generations would be no greater than that of the o r i g i na l 

uranium resources from which the rad ioact ive wastes were de-

r i ved , assuming tha t these uranium resources were unmined 1-20] ^ 

4. RPO PROBABILITY-CONSEQUENCE RELATIONSHIPS 

The considerat ions used in the development of RPO proba-

bi l i ty-consequence re la t ionsh ips are summarized as fo l l ows : 

• D o s e - l i m i t s are based upon the exposure of the "maximum 

i n d i v i d u a l , " as def ined in NRC Regulatory Guide 1.109 ^ ^ . 

•The dose to the "average" ind iv idua l is also considered, 

p a r t i c u l a r l y in ca lcu la t i ng populat ion ( c o l l e c t i v e ) doses. 

Average ind iv idua l doses are calcu lated to be the average 

of a l l i nd iv idua ls res id ing w i t h i n 80 km of the maximum 

release po in t . 

• B o t h annual and l i f e t i m e (50-a) doses are considered. For 

a given ind iv idua l and cond i t ion of exposure, the more re-

s t r i c t i v e of the two is l i m i t i n g . 

• For preseal ing operat ions, the p robab i l i t y f o r receiv ing a 

dose i s considered on the basis of annual frequency ( a " 1 ) . 

• For postseal ing cond i t ions, the p robab i l i t y of receiv ing a 

dose i s considered over the e n t i r e РОС. For h igh- leve l waste, 

a f i r s t approximation of the durat ion of t h i s per iod i s 1000 a . 
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FIG.l. Radiological performance objectives (individual whole-body dose). 

• There should be no cred ib le p robab i l i t y tha t events w i l l lead 

to nonstochastic doses. The threshold of cred ib le p robab i l i t y 

fo r such events is considerèd to be one in a m i l l i o n (10~6) . 

• Nonstochastic e f fec ts are considered to be precluded at annual 
r g - i 

doses below 50 rem L . For l i f e t i m e (50-a) doses, a reasonably 

conservative estimate fo r the threshold below which nonsto-

chast ic e f f ec t s are precluded is 500 rem. 
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• The annual dose to a maximum ind iv idua l (as defined in Regula-

tory Guide 1 . 1 0 9 ) ^ ^ should not exceed the 500 mrem s e t - i n 

current regulat ions f o r rout ine releases (p = 1.0) ^ ^ . 

• For planning purposes, the average ind iv idua l i s considered 

to receive doses less than 1/100 the level of the maximum 

ind iv idua l , in instances where there is a r e l a t i v e l y 

uniform d i s t r i b u t i o n of doses in a populat ion such tha t the 

average dose i s greater than 1/100 of the maximum, then RPO 

f o r the "average" ind iv idua l w i l l be l i m i t i n g . 

• For RPO purposes, the doses considered are f o r whole body 

or whole-body equivalent (see the discussion above on b io-

log ica l considerat ions) . 

•The probabil i ty-consequence re la t ionsh ips should be viewed 

as a continuum incorporat ing the previously stated consid-

erat ions . 

The resu l t i ng RPO fo r exposure to maximum and average ind iv idua ls 

is given in Fig. 1. For preseal ing events, the p r o b a b i l i t y (p) 

scale may be in te rp re ted as p r o b a b i l i t y tha t operations in anyone 

year w i l l r esu l t in an annual dose or l i f e t i m e dose equal to or 

greater than tha t ind icated. For postseal ing events, the proba-

b i l i t y scale shows the p r o b a b i l i t y tha t any event or combination 

of events during the e n t i r e РОС w i l l r esu l t in an annual rad ia-

t i on dose or l i f e t i m e dose equal to or greater than that ind ica ted. 

The recommended c r i t e r i a can be summarized by the fo l low ing equa-

t i ons : 

For the "maximum" ind iv idua l 

L i fe t ime dose (50-a dosé) (rem): 

D = 25 p " 0 , 2 (2) 

Annual dose (rem): 

; D = 0.5 p " 0 ' 3 3 (3) 
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The dose to the average ind iv idua l should be no greater than 

1/100 that to the maximum ind i v idua l . 

I t should be noted tha t the probabi l i ty -dose re la t ionsh ip i s 

not a f i r s t -power re la t ionsh ip (D « p"^) as would be the case i f 

expected value r isks were used. Use of expected values would 

imply that fo r equal r i s k s , people would be i n d i f f e r e n t i f given 

the choice between high p robab i l i t y - l ow consequence r isks as 

opposed to low p robab i l i t y -h igh consequence r i s k s . The work of 
Г231 

L ich tenste in , S lov ic , and FischhoffL J c lea r l y demonstrates that 

people are s t rongly averse to high-consequence r isks regardless 

of the p r o b a b i l i t y . The steep slope of the RPO curves r e f l ec t s 

th is observat ion. 

App l ica t ion of the RPO curves is demonstrated in Appendix A. 

5. COLLECTIVE DOSE 

The previously discussed c r i t e r i a are intended to set l i m i t s 

fo r doses to i nd iv idua ls . I f two or more a l t e rna t i ve WM methods 

meet these c r i t e r i a , then the optimum a l te rna t i ve should be 

selected on the basis of ALARA p r i nc ip l es . This se lec t ion requires 

a considerat ion of the co l l ec t i ve or population dose. 

Where demographic informat ion is ava i lab le and the d i s t r i b u -

t i on of dose can be predicted, the t o ta l population dose ( i n man-

rem) can be determined. I f such demographic in format ion and pre-

d i c t i v e capab i l i t y do not e x i s t , these parameters must be e s t i -

mated. When t h i s i s the case, the average dose to a populat ion 

w i th in 80 km of a release point may reasonably be assumed to be Г221 
1/100 of the maximum ind iv idua l dose L • 

To determine compliance wi th ALARA, the fo l low ing steps are 

requi red: 

• I d e n t i f y a l l a l t e rna t i ve methods, operat ions, procedures, 

e t c . , f o r a given waste management purpose. 

• Determine whether each a l t e rna t i ve meets the RPO fo r maximum 

ind iv idua l exposure. Reject those not meeting these l i m i t a -

t ions . 



IAEA-SR-36/22 
5 15 

• Determine the monetary cost f o r each successful a l t e r n a t i v e . 

• Determine (or estimate) the c o l l e c t i v e populat ion dose re-

s u l t i n g from app l i ca t ion of each a l t e r n a t i v e . 

• El iminate any a l t e rna t i ve tha t is i n e f f i c i e n t , in tha t i t 

has both higher cost and higher dose than another a l te rna-

t i v e . 

• Order the remaining a l te rna t i ves by increasing cost and de-

creasing dose. 

• Determine d i f f e r e n t i a l cos t , d i f f e r e n t i a l dose, and r e s u l t -

ing cost -e f fec t iveness. 

• Select the optimum a l t e r n a t i v e , using a predetermined cost-

ef fect iveness gu ide l ine . 

The procedure is demonstrated by example in Appendix B. To 

optimize the se lec t ion of a l t e rna t i ves according to ALARA, i t i s 

necessary to determine a su i tab le cost -e f fect iveness gu ide l ine . 

The NRC has set a guidel ine of $1000/man-rem f o r contro l of 
Г131 

e f f l uen ts from l i gh t -wa te r reactors L J.The committee could de-

termine no reason why th i s value should be d i f f e r e n t f o r waste 

management and therefore recommends i t s app l i ca t ion . (Ac tua l ly 

a $/man-rem guide should apply uni formly regardless of the sources 

of exposure, unless i t can be shown that the detr imental e f f ec t s 

o f rad ia t ion dose would vary depending on the source of exposure.) 

6. TEMPORAL ALLOCATION OF EFFECTS 

A problem of ten iden t i f ied ' - 2 4 - ' w i th WM is that the r i sks of 

rad ia t ion exposure extend f o r prolonged periods because öf the 

long h a l f - l i v e s of the rad ioact ive components. Previous assess-
П21 

mentsL J of t h i s problem ind ica te tha t fu tu re r i sks should be 

t reated in the same manner as current r i s k s . Risks to fu tu re 

generations should therefore not be discounted in the same manner 

that economic discount ing is performed. 
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7. THE SPATIAL ALLOCATION OF EFFECTS 

The ICRp'-6-' has suggested that i f populations receive a rad-

i a t i o n dose wi thout sharing in .the benef i t associated w i th the 

source, t h e i r 

" c o l l e c t i v e dose equivalent should be kept below that which 
would have appl ied had the cos t -benef i t assessment been 
confined to the population that receives the benef i t * . 

We can draw a pa ra l l e l w i th l i gh t -wa te r reactor e f f l uen t 

s t a n d a r d s ' - ^ and the ICRP1 s s u g g e s t i o n ^ to determine a method-

ology for the spat ia l a l l oca t i on of the dose. Assume that the 

populat ion receiv ing benef i t from a l i gh t -wa te r reactor includes 

a l l the people w i th in an 80-km radius of t ha t reactor (the e f f l u -

ent dose ca lcu la t i on cu to f f o f 10CFR50, App. I ) I f t h e s u g _ 

gestion of the ICRP regarding populat ion dose is applied in t h i s 

case, the populat ion dose to the people outside the 80-km radius 

could not be higher than the populat ion dose to people w i th in the 

80-km radius. We can i l l u s t r a t e the basic concept by conserva-

t i v e l y assuming that the average exposure (as discussed e a r l i e r 

i n t h i s report ) w i th in 80 km of the waste reposi tory is 5 mrem/a. 

Assuming that the population density w i t h in the 80-km radius i s 

42 persons/km'-2-' (the U. S. average, excluding the East Coast and 

C a l i f o r n i a ) , we can ca lcu la te the maximum allowable annual popu-

l a t i o n dose f o r populations .(Dp) w i t h i n or beyond the 80-km radius 

as 

Dp = (5 x 10~3 rem/a) x (42 man/km2) x (тт x 802km2) 
3 

= 4 x 10 man-rem/a 

The populat ion dose so calcu lated would be the maximum al low-

able w i th in the 80-km radius. The same value would also apply 

beyond t h i s radius. To f u r t he r re f i ne the ca lcu la t ion of numeri-

cal values, the p r i nc i p l e of ALARA aš discussed in the sect ion on 

c o l l e c t i v e dose can be appl ied. S t i l l , the emphasis remains on 
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keeping the t o t a l co l l e c t i ve dose below twice tha t which would 

have appl ied had the c o l l e c t i v e dose ca lcu la t i on been confined 

to the populat ion tha t received the bene f i t . 

8. SUMMARY 

The over r id ing concern in waste management is the po ten t ia l 

fo r exposing present and fu ture generations to rad ia t i on . Deter-

mination of the s u i t a b i l i t y of any waste management system requires 

the establishment of some c r i t e r i a f o r acceptable leve ls of expo-

sure. The purpose of th is study has been to develop a set of pre-

l im ina ry , t en ta t i ve Radiological Performance Objectives (RPO) that 

can serve t h i s goal on an in te r im basis u n t i l o f f i c i a l standards 

are determined. 

To accomplish th i s goal , a committee was establ ished at LLL 

to study the issues and., using best professional judgment, develop 

suggested c r i t e r i a fo r waste management. The committee's conclu-, 

sions can be summarized as fo l lows: 

• Waste-management methods and operations should be designed 

so as to l i m i t the predicted rad io log ica l exposure to a 

"maximum" ind iv idua l below su i tab le leve ls . 

• The l i m i t s set fo r po ten t ia l consequences should scale 

according to the p r o b a b i l i t y tha t any event or combination 

of events can lead to those consequences ( tha t i s , as pre-

d ic ted consequences become more severe, the events leading 

to those consequences should be less probable). 

• Suggested numerical l i m i t s f o r "maximum" ind iv idua ls are: 

For annual dose l i m i t (D) in rem: 

D = 0 . 5 P " 0 - 3 3 

For l i f e t i m e dose (50-a dose) in rem: 

D = . 2 5 p - ° - 2 
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• The dose to the average i nd i v i dua l should be no greater 

than 1/100 tha t o f the maximum i n d i v i d u a l . 

• Where more than one a l t e r n a t i v e WM method meets the l i m i t -

ing c r i t e r i a f o r the i nd i v idua l dose, the c o l l e c t i v e pop-

u l a t i o n dose should be pred ic ted and an a l t e r n a t i v e 

selected on the basis o f ALARA p r i n c i p l e s . 

• Doses to f u tu re generations should not be discounted ( i . e . 

p red ic ted doses a t any time in the f u t u r e are to be 

considered equal ly serious as present doses). 

• Predicted organ doses should be considered on the basis 

o f equ iva lent whole-body doses as per ICRP Pub l i ca t ion 

26 

• Spat ia l a l l o c a t i o n o f r i s k should be determined in such 

a manner tha t the t o t a l c o l l e c t i v e r i s k i s no greater 

than twice t h a t which would apply l o c a l l y or to t h a t 

populat ion rece iv ing the b e n e f i t . 

• When the hazard po ten t i a l of the waste repos i to ry becomes 

less than t h a t of a 0.2% uranium-ore depos i t , continued 

concern i s no longer warranted. 

Appendix A 

DETERMINATION OF CONFORMANCE WITH RADIATION PROTECTION OBJECTIVES 

FOR MAXIMUM INDIVIDUAL DOSE 

The p red i c t i on o f r ad ia t i on doses r e s u l t i n g from a waste man-

agement system involves cons iderat ion o f sequences o f p robab i l -

i s t i c events. Some events i n those sequences such as earthquakes 

and meteor impacts have a constant p r o b a b i l i t y per u n i t t ime. 

The p r o b a b i l i t i e s o f o ther events i n those sequences, such as d i s -

i n t e g r a t i o n o f waste can i s te r s , might change w i th t ime. In addi -

t i o n to consider ing the p r o b a b i l i t i e s of i n i t i a t i n g events, one 

must evaluate the p r o b a b i l i t i e s o f var ious r e s u l t i n g dose l e v e l s , 



IAEA-SR-36/22 
5 15 

given tha t the i n i t i a t i n g event has occurred. These condi t iona l 

p r o b a b i l i t i e s may also change w i th t ime, due la rge ly to the rad io-

act ive decay of the waste. In t h i s appendix, we sha l l present a 

simple ana ly t i c approach to reducing these several p r o b a b i l i t i e s 

to a s ing le r i s k curve. This approach was selected because i t 

c l ea r l y i l l u s t r a t e s the i n te r re la t i onsh ips between the d i f f e r e n t 

types of p r o b a b i l i t i e s involved. 

The r i s k f o r any given time increment o f , say, 50 a , may be 

represented as 

P O t i V = Z Z P ( D t - D x 1 Ee,t-a} • P(El,t-a) ^ î 
a=0 i=l 

where 

t = index denoting the time increment in which dose 

Dj. to maximum ind iv idua l occurs, increasing 

from 1 ch rono log ica l l y , 

p(D. >_ D ) = p robab i l i t y o f a dose exceeding or equal to dose t л 
D during the time increment number t , 

"t*h 
p ( E j . ) = p r o b a b i l i t y of the i—anteceden t event at time I 9 L~ a 

"a" increments before D̂ . occurs, 

P ( Dt i D x l E i , t - a ) = P ř i l i t y of D t > D x given E . > t _ a 

Having determined p(D. D ) over a su i tab le range of doses and t imes, L л 
i t i s possible to p l o t doses to maximum ind iv idua ls as a funct ion of 

3 In fact, the most practical way to evaluate a waste management system may be based 
upon a Monte Carlo simulation approach, which appropriately varies the model parameters 
over several simulation runs to obtain a probability distribution over predicted outcomes. 
A description of this simulation approach would be quite involved and not in keeping with 
the nature of this report. (HARVEY, T., et al., "Disruptive Event Uncertainties in a Perturbation 
Approach to Risk Analysis", Lawrence Livermore Laboratory, Livermore, CA., Rep. UCID 17893. 
In press.) 
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TABLE A-I. POST-EMPLACEMENT DOSE EXAMPLE 

Probail i ty p (DT > D x ) , L i fe t ime Dose to 

T = period of concern maximum ind iv idua l 

Dx (rem) 

9 X ID"2 10-2 

3 X 10"3 10-1 

2 x 10"4 1.0 

2 X l ( f 6 10 

2 X 10"8 100 

2 X 10-1 2 1000 

FIG.A-1. Probability-versus-dose relationships. 
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TABLE A-II. PREEMPLACEMENT DOSE EXAMPLE 

5 2 5 

t = preemplacement per iod 

P robab i l i t y p (D > D x ) , 
Annual dose to 

maximum ind iv idua l 

Dx (rem) 

1000 

10 

10 

10 

100 

-2 

-1 

time and p r o b a b i l i t y . From such in format ion, i t i s possible to 

determine the overa l l p robab i l i t y of exceeding a given dose leve l 

during any time per iod. This would be the period of concern (РОС) 

where, i f desired, the en t i r e per iod from reposi tory seal ing to i n -

f i n i t y could be the РОС. ( I t should be noted that the time at 

which a given maximum dose level i s reached i s not a considerat ion, 

when zero discount ing i s used.) The p robab i l i t y of exceeding a given 

dose Dx during period T could be represented by • 

Each term p - p(D i > D H in (A-2) i s the p r o b a b i l i t y tha t a 

dose does not exceed Dx in time increment number i , so, assuming i n -

dependence between increments, the large product of (A-2) is the 

p robab i l i t y tha t a dose does not exceed Dx i n any time increment w i th -

i n period T. I t fo l lows tha t one minus tha t product i s the probab i l -

i t y tha t the dose is ever exceeded during time T. The assumption 

of p r o b a b i l i s t i c independence between time increments necessary 

f o r (A-2) to hold may not be very v a l i d . I t i s fo r tha t reason 

P(DT > Dx) = 1 - [ l - P ( D l > D x ) ] • [ l -p (D 2 > D x ) ] - [ l - P ( D t n > D x ) ] 

where T = time period 1 <_ t <_ t (A-2) 
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FIG.A-2. Sample dose-probability relationship for preemplacement operations. 

tha t the s imulat ion approach mentioned in the footnote of t h i s 

appendix may be necessary. 

To i l l u s t r a t e the method, l e t us assume the analysis of a 

given reposi tory y ie lds the resu l ts shown in Table A - I . From such 

data, i t i s possible to p lo t the probabi l i ty -vs-dose re la t ionsh ip 

as in Fig. A - l . Having p lo t ted the predicted probabi l i ty -dose 

' r e l a t i o n s h i p , one can display the RPO l i f e t i m e (50-a) curve on 

the same p lo t as in Fig. A - l . Since a l l the points on the 

waste system curve f a l l w i t h in the RPO curve, the system could 

be judged acceptable provided i t also meets the const ra in ts of 

c o l l e c t i v e (populat ion) dose and ALARA. (See Appendix B). 

Another example i s given to i l l u s t r a t e preemplacement opera-

t i ons . Assume a WM system i s predicted to r esu l t i n maximum 

dose consequences as shown in Table A-E and p lo t ted in Fig. 

A-2. By superimposing the RPO curve f o r maximum annual dose, 

i t can be seen tha t RPO l i m i t s would be exceeded a t very low 

probabi1 i t y leve ls . The WM system would be re jected in t h i s 

case. 
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Appendix В 

DETERMINATION OF CONFORMANCE WITH COLLECTIVE DOSE AND ALARA 

CRITERIA 

Assume t h a t four a l t e r n a t i v e WM systems are being considered 

f o r acceptance. A l l four systems meet the maximum i n d i v i d u a l 

dose c r i t e r i a . The steps described in the d iscussion on ALARA 

are c a r r i e d out as shown in Table B - I . Of the f ou r a l t e r n a t i v e s 

shown (А, В, C, D), В would be se lected since the marginal cost 

o f going to С would exceed the cos t -e f fec t i veness gu ide l ine of 

$1000/man-rem. 

I t i s i n t e r e s t i n g t o note in t h i s example t h a t i f a l t e rna -

t i v e В d id not e x i s t , the marginal cost o f se lec t i ng С over A 

would have been $833/man-rem and would have met the c o s t - e f f e c t -

iveness gu ide l i ne . However, the ex is tence of В precludes the 

se lec t i on of С (under the assumed g u i d e l i n e s ) . This expla ins 

why people buy Buicks in a wor ld where Chevrolets and Cadi l lacs 

are a lso a v a i l a b l e . I f , f o r example, one could ignore the e x i s t -

ence o f В and se lec t С as being a c o s t - e f f e c t i v e choice over A, 

then one could j u s t as r e a d i l y ignore the existence of С a lso . 

In doing so, the remaining choice would be between A and D. 

In t h a t case, A would be se lec ted , since D could not be j u s t i -

f i e d on a cos t -e f fec t i veness bas is . 



TABLE B-I. EXAMPLE OF AN EVALUATION FOR COMPLIANCE WITH ALARA. 1) ASSUME THAT FOUR 
WASTE MANAGEMENT SYSTEMS (A, B, C, D) MEET RPO CRITERIA. 2) ASSUME THAT AN ACCEPTABLE 
COST-EFFECTIVENESS GUIDELINE IS $ 1000/man-rem. 

Cost Dose 

WM man-rem Aman-rem A$ 

A l te rna t i ve $/waste un i t AS/waste un i t Waste un i t Waste un i t Aman-rem 
A 1 . 5 x 10 5 

5 x 10 4 

1000 

200 250 ( < $ 1 0 3 ) 

В 2 . 0 , x 10 5 

2 . 0 X 1 0 5 

800 

100 2000 ( > $ 1 0 3 ) 

С 4 . 0 X 10 5 

6 . 0 x 10 5 

700 

50 12000 ( > $ 1 0 3 ) 

D 1 . 0 X 10 6 650 

Therefore select A l te rna t ive В on basis of ALARA. 
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DISCUSSION 

on papers SR-36/26, SR-36/29 and SR-36/22 

J. VENN ART: I would like to start with a few comments about Dr. Moon's 
paper. Firstly, I am sure he now knows that Committee 2 of ICRP will be giving 
values of ALI for a very large number of radionuclides, probably about 700. 

Secondly, with regard to his remark about the difference in mass between 
the average Korean and the ICRP Reference Man, I would point out that this 
difference is relatively small in relation to other uncertainties in the values used 
to calculate ALL Derived air concentration (DAC) values are very insensitive 
to changes in the mass of the individual since they depend on breathing rate and 
this is roughly proportional to calorie intake and to the mass of the body. 

I also have a question for Dr. Leenhouts. Your model stresses the importance 
of double-strand breaks but seems to depend heavily on experiments using 
maintained cell lines for which the dose-response relationship is curvilinear. 
You are no doubt aware of the work by people in my laboratory using freshly 
cultured human embryonic tissue for which the dose-response relationship, even 
for low LET (linear energy transfer) radiation, is linear. Have you any comments 
on the implications of this work in relation to your model? 

H.P. LEENHOUTS: A purely linear dose response is not of course in 
contradiction to the general linear-quadratic formula; it is simply a special case 
of it. The importance of the beta coefficient depends on the biology of the 
cell, in particular the repair capability. If the quadratic term is negligible, this 
could mean that the synergistic interaction is absent but it does not alter the 
conclusions of the paper. 

D. BENINSON: I have a question for Dr. Cohen. In the case p = 1, the 
proposed criterion implies a dose of 0.5 rem. This would preclude any other 
possible exposure of the same critical group. Could you comment? 

J.J. COHEN: The possibility that any given critical group might be 
unfortunate enough to receive the maximum dose from a number of unrelated 
operations was considered to be negligible. 

W.D. ROWE: Do the RPOs cover all wastes or just high-level wastes? 
J.J. COHEN: Primarily high-level wâstes, but they may be applied to 

all forms. 
W.D. ROWE: It has already been shown that in the case of high-level 

waste it is perfectly feasible to design for zero release. Why then is there any 
need for dose considerations except on a probabilistic basis? 

J.J. COHEN: To account for potential "unplanned" releases in accordance 
with their probability of occurrence. 

M.J. CLARK: In your paper you say that one of the conclusions of the 
working committee at Livermore was that doses to future generations should 
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not be discounted. I would agree with this, but what about the cost of detriment? 
Do you think that this should be discounted in some way? 

J.J. COHEN: There would be some logic in doing so. However, the 
"no-discount" approach is extremely conservative and apparently has little 
effect on sensitivity analyses so we decided to use it. 

J. WEBER: In evaluating the long-term effects (over a thousand years) of 
high-level waste, ICRP dose limits are often used. Alternatively, a comparison 
is sometimes made with natural background and possible changes in the environment. 
I myself prefer the latter method because it has the advantage of being less 
dependent on our present-day judgements and on our particular form of society. 
Could you comment on this? 

J.J. COHEN: I can only say that I agree with you. 
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Abstract 

AVERAGING, WEIGHTING AND OTHER PROBLEMS ASSOCIATED WITH THE 
RECOMMENDATIONS FOR OCCUPATIONAL EXPOSURE IN ICRP PUBLICATION 26. 

The use of the Recommendations of the International Commission on Radiological 
Protection as a basis for radiation protection regulations and applied health physics manage-
ment presents some difficulties. Problems that are identified and discussed are the limitation 
of collective doses in groups of radiation workers to a fraction of the maximum permissible, 
the identification of classifications of working conditions, the use of weighting factors for the 
determination of effective dose equivalents, the use of quality factors in cases of exposure to 
fast neutrons and the evaluation of skin doses received from radioactive contamination. 
Proposals are made for the consideration of the Commission to overcome these difficulties. 

Introduction 

The 1977 recommendations of the ICRP provide a sound basis 
upon which Codes of Practice and national regulations can be 
built to ensure that exposure to radiation can be kept within 
acceptable limits. The introduction of the concept of detriment 
is an important addition to earlier recommendations and provides 
a means of normalizing the risks from all kinds of radiation 
exposure. By the use of weighting factors the total detriment 
arising from radiation exposure can be calculated no matter whether 
the exposure is to the whole body or to particular parts of it. 
Thus the risks of radiation work of different kinds can now be 
assessed on a common basis. Also, with risk from radiation 
organized in a tidy fashion it is now possible to compare 
directly the risks of occupational radiation exposure with the 
other risks of working and living in modern society. 

One objective of this seminar is to find where clarifi-
cation of the Recommendations is required for the benefit of 
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those responsible for setting of standards and for those who 
have to ensure that compliance with regulations is sustained. 
If this objective is reached there will be no excuse for a 
lack of a common standard of radiation protection practice 
through all the jurisdictions represented at this meeting. 

The outstanding achievement of the ICRP during the past 
50 years is that there has been an essentially universal 
acceptance and adoption of its recommendations. They have 
provided the basis of national and international radiation 
protection codes of practice and have been the technical 
foundation upon which statutory regulations have been built. 

Differences which appear here and there are either of 
generally minor importance or are simply manifestations of the 
fact that when a new recommendation is made it may take some 
time for its formal adoption so that at any moment the 
differences which exist are more apparent than real. 

The most recent recommendations of the Commission [1] have 
now been published for nearly two years and this seminar is 
unique in the history of radiation protection since for the first 
time it has been thought necessary to discuss their practical 
implications. Does this situation suggest that the 
recommendations are deficient in any way in giving guidance 
to the user, are they beyond the comprehension of the applied 
health physicist or is it the case that in the development 
of new philosophical concepts insufficient attention was paid 
to their practical application so that the previously existing 
balance between fundamentals and practical guidance has been 
disturbed? With luck, we will make some progress and develop 
some sensible conclusions which will be helpful to the 
Commission in its future work. 

Although this seminar is also dedicated to the consideration 
of the practical implications of the Revised IAEA Basic Safety 
Standards it is impossible to say anything definitive about an 
unpublished document and probably unwise to evaluate preliminary 
drafts which may be subject to further revision. 

This paper presents for discussion particular questions 
connected with the averaging of radiation doses in working 
groups, the classification of working conditions, the 
disposition of radiation dose data which have been modified by 
the application of weighting factors, the use of quality 
factors and the interpretation of measurements of skin 
contamination,and suggestions for consideration by the 
Commission will be made. 
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Averaging of Radiation Doses 

It has been shown that the risk of harm in radiation work 
would be about equal to the average risk in other safe 
industries if the average annual exposure to radiation does not 
exceed one tenth of the recommended annual individual dose 
equivalent limit for atomic radiation workers. It is therefore 
a commendable objective to work within this more restrictive 
limit. Can this be done? Of course, at some cost, just as it 
would be possible to comply with a statutory requirement to 
reduce the dose equivalent limit to one tenth of its present 
value if such a restriction were judged necessary. But can it 
be done in a fair and equitable fashion? The problem is 
illustrated in the case of the large national nuclear energy 
laboratories where often anyone who is employed is provided 
with an individual dosimeter and identified as a radiation 
worker without distinction concerning his likelihood of 
receiving any occupational dose. The small fraction of 
workers involved in reactor operation and maintenance, in 
experimental fuel development and processing and in radioisotope 
production are contained in a large population of lightly 
exposed people. At Atomic Energy of Canada,where there are 
approximately 4200 regularly-monitored workers,the collective 
dose in 1977 was 13.25 Sv (1325 rem). Of these, 630, who are 
selected simply because their individual dose equivalents 
exceeded 5 mSv (0.5 rem) had a collective dose equivalent of 
9.16 Sv (916 rem). Thus the average dose over the whole 
monitored population was 3.2 mSv (0.32 rem) whereas the higher 
exposed group averaged almost 15 mSv (1.5 rem).1 

Thus for the group as a whole the objective of limiting 
the average dose to one tenth of the limit has been achieved 
comfortably. In another organization with similar radiation 
sources but without a large associated population of research 
and development workers and supporting staff, e.g. at a 
production reactor site or at a nuclear power station, the 
cost of reducing the collective dose equivalent to the one-
tenth limit could be substantial. 

Similarly one may consider other specialized organizations 
dealing with radiation sources. A non-destructive testing 
company whose employees are trained to use a wide range of 
techniques - ionizing radiation, acoustic, optical, mechanical, 

1 Collective dose equivalents and individual dose equivalents are both expressed in 
sieverts. Since the quantity is indicated there is no need to introduce the "unit" called 
man-sievert. 
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etc. may be able to carry out its business within the lower 
exposure limits whereas a more specialized competitor using 
radiation techniques alone could suffer a substantial penalty 
if subjected to the same constraint. (Furthermore, insistence 
by a regulatory authority upon an apparently unfair standard 
could have the serious consequence of the introduction of 
deceptive practices such as failing to wear a dosimeter to 
reduce artificially the average dose. Remember that not all 
radiation workers are under the close supervision of health 
physics staff.) 

It is conceivable that the Commission was unduly influenced 
by the radiation experience of the research and development 
laboratories and it may now wish to provide further guidance 
to sustain the principle without the creation of an impasse. 
Particularly, some guidance on what may constitute a group of 
radiation workers is needed. At one extreme all the radiation 
workers in a country irrespective of their particular employment 
could be assembled as one community in which averaging could 
apply. Other arrangements can be imagined. For example, groups 
dedicated to a common purpose could be assembled. Non-
destructive-testing workers have already been mentioned and 
another group could be all the operating employees of a power 
utility, who would include radiation workers from the nuclear 
stations and others from oil-burning and hydro-electric stations. 
However, in this case there could not be a sharing of duties, 
and the operators in the fossil-fuel stations or the hydraulic 
turbine repair crew would never be occupationally exposed to 
ionizing radiation. Such manipulations made after the 
publication of a recommendation may seem to be just that - the 
anxious reactions of an industry in search of a convenient 
loophole. Nevertheless unless some palliative measures are 
developed is it reasonable to accept without question, at the 
same time, the nuclear research centres' solution to maintain 
average exposures at a low level by the simple artifice of 
giving everyone who crosses the threshold a medical examination, 
a film badge and a short lecture on basic radiation hygiene? It 
is hoped that before a diversity of national solutions to this 
problem is developed the Commission will be able to give some 
further guidance. 

Classifying Working Conditions 

A complementary question concerns the utility of the system 
of work classifications described by the Commission as Working 
Condition A - conditions where annual exposures might exceed 
three-tenths of the dose equivalent limits, and Working 
Condition В - conditions where it is most unlikely that the 
annual exposures will exceed three-tenths of the dose equivalent 
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limits. Paragraph (162) of ICRP-26 [1] states: "The main aim 
of the definition of Working Condition A is to ensure that 
workers who might otherwise reach or exceed the dose-equivalent 
limits are subject to individual monitoring so that their 
exposures can be restricted if necessary. In Working Condition В 
individual monitoring is not necessary although it may some-
times be carried out as a method of confirmation that 
conditions are satisfactory". The logical deduction from this 
recommendation is that there is no interest in individual dose 
equivalents amounting to less than 15 mSv (1.5 rem) per year 
and if by chance smaller dose equivalents have been measured 
the results need not be recorded. Indeed, this idea was 
developed in some detail by the Commission in a discussion of 
investigation levels [2]. Clearly this concept adopted in 1968 
is no longer consistent with the current recommendations of the 
Commission. Furthermore we now have a substantial interest in 
the planning of epidemiological studies and to this end it is 
important that reasonably accurate and complete radiation 
histories be maintained. Some encouragement by the Commission 
in this endeavour would be helpful. Since little use is made 
of the classification of working conditions and the relaxations 
regarding individual dosimetry that follow from it, it seems 
that little would be lost if it were deleted from the 
Recommendations of the Commission. 

Weighting Factors and the Loss of Recorded Information 

The introduction of weighting factors for application in 
the case of non-uniform irradiation provides a convenient 
basis for assessing overall detriment. However if radiation 
dose records are compiled with this simplification then 
ultimately it may be difficult to carry out any but the most 
rudimentary analyses of the effects of radiation exposures. 
Application of Wy = 0.03 will effectively obscure the signifi-
cance of a lar^e exposure to the thyroid. While a particular 
exposed worker may recover from the most likely consequence of 
excessive thyroid irradiation, which is the justification for 
a low Wy value, it may be difficult to determine in a large 
population of workers the relationship between thyroid disease 
and thyroid exposure using radiation records which have been 
consolidated by the application of weighting factors. Similarly 
in the case of exposure to the bone marrow from incorporated 
radioactivity the weighted dose equivalent will appear in the 
record as a much smaller quantity than the same dose from an 
external source of penetrating radiation. While the abandonment 
of age formulae has eliminated the need for the preservation of 
radiation histories beyond one year the question of data 
management for future epidemiological studies should be 
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examined carefully and recommendations should be developed so 
that consistent approaches can be made on a global basis. 

The Use of Quality Factors 

Experience about the radiation exposure of man gained from 
criticality accidents and experimental data from large animal 
exposures have shown that the early non-stochastic effects of 
large neutron exposures are better related to the absorbed dose 
than to the dose equivalent calculated using the conventional 
values of quality factor. However there remains the question 
of how to assess the significance of high-LET radiation 
exposures in those cases where the exposed subject recovers from 
the acute radiation syndrome or has been exposed at a lower level 
but beyond the maximum permissible limits. Seemingly at the 
moment it is permissible to use Q values for annual absorbed 
doses up to 5 mGy (0.5 rad) but further clarification from the 
Commission on what must be done for larger exposures is required. 

Assessing Skin Doses 

Limits for skin dose were given by ICRP long before 
adequate monitoring techniques were developed. The improved • 
film dosimeters in the i960's and the thermoluminescence 
dosimeters which followed in later years allowed reasonable 
estimates of skin doses to be made and it was something of a 
surprise to discover the extent of this particular hazard in 
many work situations where there was exposed radioactive 
material and where previously no problems had been identified. 

The selection of averaging procedures for non-uniform 
irradiation of the skin under both accident and non-accident 
conditions is discussed in paragraphs (182) and (183) of 
ICRP-26 [1] but there remains a somewhat untidy state of affairs 
regarding direct contamination of the skin. The derived 
working limit2 of 10-lt yCi/cm2 [3 ] for beta-emitting contaminants 
on the skin is widely used in routine control procedures and 
automatic hand contamination monitors are usually adjusted to 
give warning when this level is exceeded. Thus assuming that 
the skin area of a hand is 300 cm2 the monitor is adjusted to 
alarm when it detects an activity of 30 nCi. A uniform 
distribution of 32P which will just cause such a monitor to 
alarm will deliver a tissue dose of less than 10 yGy/h (1 mrad/h) 
at a depth of 8 mg/cm2, comfortably below the recommended dose 
equivalent limit of 0.50 Sv (50 rem) per year even if there was 
persistent contamination at this level [4]. However if this 

2 1 0 - 4 juCi = 3.7 Bq. 
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TABLE I. ON-AXIS DOSE RATES AT 8 mg/cm2 DEPTH FROM VARIOGS 
DISTRIBUTIONS OF 32P CONTAMINATION ON DISCS 

Disc with uniform 
coating of 30 nCi 3 2 T 

Maximum 
dose rate 

Area (cm ) Diameter (cm) (mrad/h) (yGy/h) 

"Point" 
1 
3 

10 
30 

100 
300 

Very small 
1.13 
1.95 
3.6 
6 . 2 

11.3 
19.5 

У 200 000 О/ 
260 
85 
26 

8.5 
2 . 6 
< 1 

2 x 10е 
2600 
850 
260 
85 
26 

< 10 

activity is at one point on the skin the dose rate is almost 
2 Gy/h (200000 mrad/h). In both cases there is a reasonable 
chance that routine monitoring would indicate such amounts of 
contamination within a few hours but if the hands are washed 
before monitoring the fact that such contamination had 
existed might never be known. In practice, the extreme cases 
of point sources and uniformly distributed contamination would 
be unusual but something approaching the point source case due 
to specks of radioactive solids is more likely than the uniform 
distribution which could result from wetting the hands with a 
radioactive solution. 

In Table I there are the values of the skin dose rates at a 
depth of 8 mg/cm2 received on the axes of discs of activity of 
different diameters placed in contact with the skin. Each disc 

3 2 
has a uniform coating of 30 nCi P. It should be noted that 
this amount of activity is the minimum likely to attract attention 
in routine monitoring and substantially higher levels may be 
commonplace. 

The Commission has distinguished between the routine case 
and the accident or suspected accident case. In the former it 
is considered adequate to average the contamination over an 
area of about 100 cm2. Thus a contamination located on a 
speck of material which has been on the skin up to 4 hours, 
i.e. for one half of the work shift and discovered at the meal 
break and has delivered a dose of some 7.5 Gy (750 rad) to the 
skin beneath it,would be evaluated, if at all, as a routine dose 
of about 100 yGy (10 mrad). There would be no particular 
reason for regarding such a contamination as an accident -
but if it were,the evaluated "accidental" dose for a 4-hour 
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expo%ure would be about 0.01 Gy (1 rad), taking an averaging 
area of 1 an2. The utility of such averaging procedures 
must be questioned. Extensive irradiation of limited areas 
of skin may be a commonplace occurrence in nuclear operations 
but is anything accomplished by computing a nominal dose 
which has only a very imperfect relationship to the tissue 
dose actually received? 

The Commission has indicated that for doses arising from 
very small particles in contact with the skin, "it is 
inappropriate, however, to relate such localized absorbed 
doses to the absorbed doses corresponding to the dose-
equivalent limit." (paragraph 183, ICRP-26, [l]) . But there 
is no such limitation placed upon irradiations which can be 
realistically averaged over an area of 1 cm2 for it is stated 
that "this dose equivalent should then be compared with the 
dose-equivalent limit". It is a matter of concern that 
contamination levels which are close to the limits of 
detectability in normal control procedures may cause annual 
dose accumulations which are about equal to the recommended 
permissible limits and which would result from one contamina-
tion incident per week involving exposure of 1 cm of skin for 
a period of 4 hours. 

It is therefore suggested that the Commission be 
encouraged to review the scientific basis for the annual skin 
dose. If such a review confirms that the present limit of 
0.5 Sv (50 rem) intended to prevent non-stochastic effects 
is appropriate,then much greater attention will have to be 
paid to the incidence and evaluation of contamination of 
radiation workers. However,we may note that the recommended 
limit of 0.5 Sv (50 rem) for non-stochastic effects is based 
upon consideration of cosmetically unacceptable changes 
caused by short duration irradiations of 20 Gy (2000 rad) or 
more and that a lifetime exposure of the skin should not 
exceed this dose. It seems reasonable that this limit, 
0.5 Sv (50 rem) per year, should be sustained for the case of 
exposure of the skin of the whole body. More recently, at its 
1978 meeting [5],the Commission has proposed a W value of 
0.01 for stochastic effects leading to an implied limit for 
skin exposure of 5 Sv (500 rem) per year. Localized exposures 
of the type discussed will not usually involve the same skin 
areas. Therefore, is it not acceptable to waive the non-
stochastic 0.5 Sv (50 rem) limit and use instead the implied 
stochastic limit determined by the application of the 
weighting factor? That is, when irradiation of skin is 
confined to small areas the maximum permissible limit for all 
irradiated areas shall not exceed 5 Sv (500 rem) per year. 



IAEA-SR-36/22 
5 15 

A similar proposal has already been expressed by the 
Task Group of the Commission on the Spatial Distribution of 
Radiation Dose [6]. In paragraph 34 of this report it is 
noted: "When small areas of skin are irradiated, the Task 
Group recommends that the present limit of 30 rem in a year, 
averaged over 1 cm2 of skin, be increased to at least 100 rem 
in a year with the proviso that irradiation of the same area 
year after year should be avoided if possible ", Perhaps the 
Commission will consider responding to these proposals and 
modifying its Recommendations accordingly. 
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DISCUSSION 

J.C. ZERBIB: If, in setting an annual dose limit, we take into account the 
surface area of the skin which is contaminated, this would mean that 500 rem 
on 1 cm2 induces the same stochastic risk as 5 rem on 100 cm 2 . Am I correct? 

G. COWPER: The present proposal to increase the skin dose limit for 
small areas of contaminated skin to 500 rem per year is quite consistent with the 
existing pronouncements of ICRP in Publication 14. Whether 500 rem delivered 
to 1 cm2 of skin carries the same stochastic risk as 5 rem to the whole body 
(not 100 cm 2) is a question which I would invite ICRP to consider. 

J.C. ZERBIB: There are several factors which affect the detection, measure-
ment and interpretation of skin contamination. Firstly, for cases where the risk 
of contamination is small, the monitoring facilities are probably inadequate and 
the contamination may not be detected. Secondly, there are few operational 
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detectors which can be worn every day. Thirdly, radioactive sources which are 
not beta-emitters may escape current monitoring techniques. Finally, it is 
difficult to convert the measured level of contamination into the received or 
committed dose; in the literature, in fact, the values of the conversion factor 
for the same nuclide vary from 1 to 3. 

In view of all these difficulties, do you not think that it is dangerous to 
propose an annual limit which may be as high as 500 rem per year? 

G. COWPER: I indicated in the paper that typical monitoring methods are 
just capable of detecting skin contamination levels which may involve doses 
close to the annual limit if the contamination is localized. 

There are several quite adequate techniques available for measuring skin 
dose from external sources, both to parts of the body (e.g. the fingers) and to 
the whole body. Detection of skin contamination is more difficult and further 
improvements in technique may be required if the present annual limits 
are retained. 

If photon-emitting sources are known to be present without any accompanying 
beta sources, then special methods must be used to detect any contamination. 
Phoswich devices may play a useful role in such work. However, as a first step, 
the major problem of dealing with beta emitters should be resolved. 

While the total dose to the tissue from beta radiation may vary substantially 
with the energy, the value of energy deposited in the tissue at risk (the germinal 
layer of the skin) is not seriously energy-dependent. Over the range 0.3—3.5 MeV, 
only a factor of about two is involved. This is hardly a significant variation for 
the purposes of radiation protection. 

Whether it is dangerous or not to propose an increase in the annual limit is 
a question to be considered by the ICRP. The fact remains that, at present, 
contamination levels leading to doses in excess of the annual limits may be 
escaping our attention. If the present limits are not to be relaxed, efforts must 
be made to improve existing monitoring techniques. 

H. VIALETTES: I would like to add something here as the person responsible 
for radiological protection of the workers at Saclay Nuclear Research Centre. 
All the workers who are subject to risk of finger irradiation are of course provided 
with thermoluminescent dose meters. However, this is not the problem. The real 
difficulty lies in the fact that we do not know at what depth we should make 
the measurement, what the area irradiated actually is and with what standard we 
should compare the results. I think the ICRP could help by providing answers 
to these questions. 

M.W. CHARLES: May I just say that at Berkeley Nuclear Laboratories we 
have produced some thin dose meters, as indeed have others, and there does 
not appear to be any difficulty in measuring the dose to the basal layer. 

D. BENINSON: With reference to the WT = 0.01 value for skin, it should 
be noted that this is to be used for detriment assessment in cases where the 
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whole skin is exposed (as with 85Kr releases). It does not apply in calculations 
of the effective dose equivalent for comparison with the dose limits. In these 
calculations the skin is formally excluded. The limit for the skin (the non-
stochastic 50 rem) is always the same. 

G. COWPER: Nevertheless, in Publication 14 the Commission has already 
proposed an increase in the skin dose limit to at least 100 rem. Since substantial 
exposures to parts of the skin may occur in essentially normal operation, the 
limits for skin exposure should be clarified or changed. 





\ 
IAEA-SR-36/15 

SKIN AND EYE IRRADIATIONS 
Examples of some limitations of 
international recommendations 
in radiological protection 

M.W. CHARLES 
Berkeley Nuclear Laboratories, 
Central Electricity Generating Board, 
Berkeley, Glos. 

Patricia J. LINDOP 
St. Bartholomew's Hospital Medical College, 
London, 
United Kingdom 

Abstract 

SKIN AND EYE IRRADIATIONS: EXAMPLES OF SOME LIMITATIONS OF 
INTERNATIONAL RECOMMENDATIONS IN RADIOLOGICAL PROTECTION. 

The recommendations of the International Commission on Radiological Protection 
(ICRP) are widely used as the basis for radiological safety rules and design criteria for nuclear 
power plant. The recommendations have continuously evolved over the years in some points 
of detail and also in their general philosophy. It is highly desirable that the designers and users 
of nuclear installations should have a long-term view of possible future changes. This could 
be provided in some cases by a clearer statement of the bases and limitations of the recommen-
dations. The skin and eye are used as examples where further discussions of the recommended 
stochastic and non-stochastic dose limits are considered appropriate. In the case of the eye 
careful consideration of the non-stochastic dose limit is necessary because of the clear threshold 
response for cataract induction. The increase in the annual dose limit from 0.15—0.3 Sv 
(15 rem — 30 rem) needs substantiating in view of evidence that the new limit is too high. In 
the case of the skin there is evidence that, while mortality as the result of cancer induction is 
low, there may be a high incidence QälO"2 Sv"1) following a long latent period Ç&20 a). As 
with thyroid cancer, where the prognosis is also very good, this presents a problem of evaluating 
the overall detriment. Guidance to limit the early and late non-stochastic response of the skin, 
particularly for non-uniform irradiation, is also inadequate. Some of these areas of uncertainty 
are the subject of research at the present time. 

1. INTRODUCTION 

The recommendations of the International Commission on 
Radiological Protection (ICRP) are widely used as the basis for 
radiological safety rules and design criteria for nuclear power 
plant. The recommendations have changed over the years in some 
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points of detail and also in their general philosophy. There 
has been an expected and desirable evolution of approach as the 
result of an increased knowledge of the effects of the interac-
tion of radiation with man and his environment. This evolution 
is likely to continue and the pertinence of any recommendations 
is therefore likely to change with time. This may arise for 
example in the nuclear power industry where at some future date 
the introduction of new reactor types or the ageing of present 
reactors may present problems of radiological protection that 
are of minor importance at the present time. The gradual 
evolution of protection standards through the results of basic 
multidisciplinary research will meet these changing situations. 
It is possible however that international recommendations may 
change at a faster rate than that associated with the planning, 
design, construction, utilisation and dismantling of a major 
industrial complex such as a power station. It is therefore 
highly desirable that the designers and users of such installa-
tions should have some long-term view of possible changes in 
international recommendations. Such guidance would be provided 
by the provision of an appraisal of the level of uncertainty of 
recommended limits. This requires a clear statement of their 
bases and limitations. This approach would aid forward-looking 
industries and underline those areas of radiological protection 
worthy of research. The bases of ICRP recommendations are not 
however always readily available from Working Party Reports and 
it is therefore difficult to weigh the pertinence of recommen-
dations over operational periods of decades relevant to nuclear 
plant. There are, of course, international sources of relevant 
data such as those of the United Nations Scientific Committee 
on the Effects of Atomic Radiation (UNSCEAR) but these are not 
formulated for direct practical application. 

Two important concepts which have been introduced in 
ICRP-26 [1] are non-stochastic effects and detriment. Non-
stochastic effects have received little consideration in 
recent years but are at present the subject of working-party 
studies by the ICRP and UNSCEAR. The concept of detriment has 
been formulated but little consideration has been given to the 
mechanics of its evaluation, particularly for non-lethal cancers 
which have a comparable incidence to fatal cancers [2]. There 
is thus still room for constructive critical appraisal of ICRP-
26 in order to provide a better understanding of the basis and 
limitations of its recommendations. This paper considers two 
organs, the eye and the skin, for which present recommendations 
have some limitations. 

2. THE EYE 

The most important radiation response of the eye for 
chronic exposures is the production of opacities in the 
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crystalline lens which may progress to cataracts which produce 
an impairment or loss of vision. The severity of the effect is 
dose-dependent above a threshold level. 

2.1 ICRP Guidance 

For chronic exposures of low or high LET1radiation the 
ICRP have considered for some time that a dose equivalent limit 
of 15 Sv would be below the threshold for impaired vision [3,4]. 
The annual non-stochastic dose limit for the eye has however 
been increased in ICRP-26 from 0.15 Sv (15 rem) to 0.30 Sv 
(30 rem). The reasons for this increase have not been discussed 
but the ICRP [4] have pointed out an apparent ensuing practical 
advantage; in practical situations the limit on the deep and 
shallow dose equivalent indices (0.05 and 0.5 Sv>a~l respective-
ly) will limit the dose equivalent in the eye lens to less than 
0.30 Sv-a-1. This argument has been used to support personal 
dosimetry protocols which exclude evaluation of the eye dose 
[5] but this can be criticised on several points [6] and is 
obviously not applicable to partial body exposures involving 
mainly the head. The ICRP reviewed the available data on 
cataract induction in 1969 [7] and little further relevant 
data has become available since then. The conclusion at that 
time was that an annual dose limit of 0.15 Sv (15 rem) of high 
or low LET radiation was acceptable. This can be reconciled 
with the new limit of 0.30 Sv-a~l if it is considered to have 
contained a factor of safety of at least 2. 

2.2 Clinical Data 

Impairment of vision due to progressive opacification of 
the lens has been demonstrated in man for high and low LET radi-
ation [8,9] and for fractionated exposures over periods up to 
^ 9 years [9]. The clinical data of Merriam and Focht [9], 
which is the most extensive for low LET radiation, is presented 
in figure 1 as a Strandqvist plot. The lowest iso-effect line 
indicates a threshold below which no visual impairment is 
expected in any subject. Above the upper iso-effect line the 
expected incidence is unity. Between these lines there is a 
finite probability of visual impairment, the probability increas-
ing with dose. Progressive cataracts in this study produced 
complete loss of vision. This and other clinical work, including 
more than 500 patients in total, has been summarised by Upton 
[10],who concluded that protracted doses of 11-14 Gy (1100-1400 
rad) produced a high probability of cataract formation, irrespec-
tive of the duration of exposure. The extrapolation of the 

1 Linear Energy Transfer. 
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TOTAL DURATION OF TREATMENT / DAYS 

FIG.l. Cataract induction - fractionated clinical exposures (from Merriam and Focht). 

Strandqvist plot to times in excess of several years is diffi-
cult to justify on biological grounds. The iso-effect lines are 
likely to flatten off over such periods of protraction. The 
recommendation of the ICRP [1] that a dose equivalent of 15 Sv 
over a lifetime will not lead to visual impairment is apparently at 
variance with these data and this needs clarification. The un-
certainties in the extrapolation of the clinical data, and the 
proximity of the dose limit to the threshold region, provide 
little if any margin of safety. 

The sparing effect of protracted exposures for low LET 
radiation is clearly important but the lens is known to exhibit 
less sparing than other organs [11], probably due to the fact 
that it is avascular and relatively hypoxic. Sparing effects 
are generally less marked, if not absent, for high LET radiation. 
This gives rise to an RBE2for high LET radiations which increases 
for protracted exposures. Data on which to base quality factors 
for the eye are sparse. The early analysis of cyclotron workers 
which indicated especially high RBE values for neutrons has been 
shown to be erroneous [7]. One controlled clinical study of 
neutron irradiations of the head has recently been reported by 
Roth et al. [8] which indicates that after 2-3 years follow-up 
the threshold for visual impairment of 7.5 MeV neutrons is be-
tween 3-5 Gy (300-500 rad), fractionated over one month. In 
comparison with Merriam and Focht's data this indicates an RBE 
of about 2-3, in agreement with Edmondson's collation of data 

2 Relative Biological Effectiveness. 
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for various mammals [12]. For protracted exposures this value 
may be increased by a further factor of 2-3 to provide a value 
in reasonable agreement with the ICRP's recommended quality 
factor of ^ 7 for this radiation. The data from which neutron 
RBEs can be derived are however sparse and it would seem unwise 
to allow the eyes to be subjected to neutron exposures which 
could lead to dose equivalents in the region of a non-stochastic 
threshold. 

The setting of safe levels for threshold phenomena such 
as cataract induction would seem to be a relatively simple pro-
cedure in comparison with stochastic effects. The setting of 
too high a level for non-stochastic effects has more possible 
serious repercussions however than for stochastic effects, 
since it may lead to deleterious effects in a large proportion 
of the people exposed. 

There are a number of clinical reports where the lens has 
been subjected to dose equivalents in excess of 15 Sv, without 
any resultant visual impairment [13,14]. In these cases, as 
the authors point out, only part of the lens equator was 
irradiated - a situation which is widely known to provide a 
marked sparing effect [15,16], It is not known if such reports 
were influential in the setting of the new maximum permissible 
levels. The disparity between the recommendations of the ICRP 
[1] and the NCRP [17] for maximum permissible eye dose (0.3 
and 0.05 Sv.a—1 respectively) is obvious. The reason for the 
difference is not so obvious. The NCRP [18] have admitted 
however that their small value is not necessarily solely based 
on scientific grounds. A clearer statement of the basis of these 
recommendations is desirable. 

3. SKIN 

In the nuclear power industry the occurrence of ß-emitting 
fission or activation products may give rise to situations in 
which the dose to superficial tissues is limiting. The problem 
of developing criteria to limit the range of possible exposures 
to the skin is complex. The apparent biological simplicity of 
the skin is deceptive. The relative importance of stochastic 
and non-stochastic effects for example depends on many biologi-
cal and physical factors, particularly the extent of the volume 
of tissue irradiated. The irradiation of large areas to sub-
threshold doses for non-stochastic effects may entail a signi-
ficant cancer risk. Conversely, the irradiation of small areas 
of skin to high doses may entail a negligible cancer risk but a 
high risk of moist desquamation or ulceration. The stratified 
morphology of the skin also poses a problem for the setting of 
easily implementable maximum permissible doses and derived 
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working limits. The epidermis and superficial dermis play a 
major role in stochastic and early non-stochastic responses 
but late non-stochastic effects such as dermatitis or fibrosis 
depend amongst other things шvascular damage in the deep dermis. 

3.1 ICRP guidance 

Prior to the recent publication 26, the recommendations 
of the ICRP did not form a self-consistent scheme in terms of 
risk. For example, the dose limit (0.05 Sv. a~l; 5 rem-a-!) to 
the red bone marrow was the same as that for the whole body 
which of course contains the marrow and many other organs 
(ICRP-9, 1966). This kind of inconsistency was also apparent 
with the recommendations for skin dose where a 0.3 Sv (30 rem) 
limit was recommended for the whole body area of ^ 1.8 щ2. In 
view of the smaller area presented by the hands, forearm, 
feet and ankles a higher limit of 0.75 Sv (75 rem) was given, 
but for highly non-uniform exposures the mean dose over 1 cm2 
was to be compared with the 0.3 Sv (30 rem) limit. These 
figures were totally inconsistent with the linear, no-threshold 
philosophy for stochastic effects (cancer). The inconsistency 
was understandable because on the basis of a linear response a 
0.3 Sv (30 rem) whole-body skin exposure would represent the 
same stochastic risk as a dose of ъ 5 kGy (500 krad) to an area 
of 1 cm2, which would produce unacceptable non-stochastic 
effects such as ulceration and chronic dermatitis. 

ICRP statements on the limitation of skin irradiation have 
not always been clear as to whether the biological end point 
under consideration was stochastic or non-stochastic. This has 
been clarified in their recent statements but some problems 
still remain. 

3.2 Stochastic Effects 

The recent ICRP publication 26 presents a more logical 
approach to radiation protection by equating the risk associated 
with a whole body exposure to the sum of the risks of the com-
prising organs. In the case of death from skin cancer the new 
recommendations consider that the risk is much less than for any 
other organ, ^ 10_4 Sv-1 for a whole body skin exposure [4]. 
The relegation of skin to such an unimportant place in the 
stochastic risk table may however require further consideration 
because of the much higher risk of cancer incidence in this 
organ. The occurrence of tumours, no matter how good the prog-
nosis, may have deleterious effects on industrial relations. It 
becomes important in such situations to evaluate the total det-
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riment in accordance with the principle given in ICRP-26 (para-
graph 16) :-

G = P I p. g i 
i 

Where G is the total detriment to health in a population P 
suffering from an effect of probability p. with a severity g^. 
Clearly the incidence of stochastic effects is as important a 
parameter as the lethality in cases where the prognosis is good. 
The case for dose limits based on risk of incidence, rather than 
mortality, has been argued in some detail by Malone [19] for 
thyroid tumours and is also applicable to skin and breast. What 
is a suitable value for the risk of skin cancer incidence? 

(1) In the past the considerations by the ICRP [7] of 
risk for skin included a reduction by an order of magni-
tude to allow for the low lethality associated with skin 
tumours. Using a death risk of ^ 10-4 Sv-1, this would 
indicate an incidence risk of ^ 10-3 Sv~l. The prognosis 
for skin cancer is likely to be much better than this so 
an incidence risk of ^ 10-2 Sv-1 is more realistic. 

. . - 2 - 1 
(2) Incidence risk figures of > 10 Sv for acute whole-
body exposures can be derived from some epidemiology 
studies. A resumé and brief commentary on these is 
presented as an appendix. * 
A life-time skin dose limit of 20 Gy, as recommended by 

the ICRP, would produce a high incidence of skin cancer (> 20%) 
if these risk estimates were valid. Stochastic effects in skin 
do not appear to be negligible and more consideration should be 
given to the evaluation of detriment in this and other cases of 
non-fatal cancers. 

3.3 Non-Stochastic Effects 

Non-stochastic effects such as chronic ulceration and der-
matitis are considered by the ICRP to be more important than 
stochastic effects of uniform and non-uniform exposures. On 
this basis the only aim of radiological protection is to prevent 
non-stochastic effects and to this end an 0.5 Sv annual limit is 
recommended. Dose-averaging is allowed but for highly non-
uniform exposures such as those from radioactive particulates 
the ICRP offer the following advice (ICRP Publication 26, para. 
183) :-

"The local distribution of absorbed dose should be assess-
ed and used to predict possible local skin reactions. It 
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is inappropriate however to relate such localised absorbed 
doses to the absorbed dose corresponding to the dose 
equivalent limit." 

The ICRP's reticence to provide specific guidance in this 
case is understandable because of the extreme paucity of experi-
ence on which to base it. 

There is obviously a need for information on the effects 
of irradiations of varying areas of skin with different-sized 
sources of g-emitters of different end point energies. Little 
systematic work has been carried out in this field, particularly 
with respect to the dependence of the response on the area 
exposed. The practical problem of dealing with exposures from 
radioactive particulates has been underlined in the literature 
on many occasions [20,21] and this has not been relieved by the 
new ICRP recommendations, which no longer support dose averaging. 

3.4 Cells at Risk 

The nature of the cells at risk for both the stochastic 
and non-stochastic skin responses has been discussed at some 
length in the literature, in recent years. In the case of non-
stochastic effects, it is necessary to differentiate between 
early (erythema, ulceration, etc.) and late (fibrosis, derma-
titis) responses since the mechanisms involved are apparently 
different [22]. The widely-held consensus that the basal layer 
cells play the most important role is supported by the ICRP. 
Others such as Burch [23] and Mitrani [24] have however impli-
cated deeper-lying cells of the dermis in cancer induction, and 
it is clear that the dermis plays an important role in late 
non-stochastic effects. The depth of the undulating basal layer 
has received considerable study [25] and the ICRP have 
advised the use of a range from 5-10 mg.cm-^ for general 
purposes (ICRP-26, para. 64). The ICRP reference man report 
[26] shows however that more than one third of the population 
have a basal layer which lies within 4 mg-cm-2 of the surface 
on important body sites such as the face, arms and trunk. A 
consideration of the basal layer dose in the thinner-skinned 
individuals of the population is therefore necessary when 
considering the effects of alpha and low-energy beta irradia-
tion of the skin. It is not easy however to accommodate these 
variations in skin thickness into a legislative or operational 
protocol of radiation protection. It will often be necessary 
to draw up guide-lines based on the mean parameters which 
characterise a population, as has been done by the ICRP. The 
extent to which one operates below recommended maximum permis-
sible doses or derived contamination levels may however be 
dictated by one's concern for the range of possible exposures 
in a real population. 
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4. CONCLUSIONS 

ICRP publication 26 represents an advance in the continu-
ous evolution of radiological protection standards. This 
evolution will no doubt continue as the newly introduced con-
cepts and philosophy are discussed and refined. The process 
would be greatly aided if the basis of many important statements 
were patent. This would provide an indication of possible 
future changes in recommendations which would be useful to 
forward-looking designers and users of nuclear plant involved 
with long time-scale schedules. It would also help to identify 
those areas worthy of research. 

Limitations in the present recommendations for the expo-
sure of the skin and eyes have been presented to stimulate dis-
cussions and encourage research in areas of uncertainty. In the 
case of the eye the recommended annual dose limit (0.3 Sv) seems 
to be too high and it may be prudent to retain the previous ICRP 
value (0.15 Sv). In the case of skin irradiations, the method 
for evaluating the detriment associated with cancer incidence 
remains largely unexplored. Very little guidance is provided to 
deal with small area skin exposures and the possible alpha 
hazard to skin has not been discussed. These are areas in 
which research effort should be encouraged. 
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Appendix 

RESUME OF RISK ESTIMATES FOR SKIN CANCER INCIDENCE 

Data from which risk estimates for stochastic effects in 
skin can be obtained have been summarised recently by UNSCEAR 
[27]. The report concluded that the risk of fatal radiation-
induced skin cancer must be low but noted the generally good 
prognosis. The derivation of a mortality risk figure is very 
difficult in this case but the data do seem to support a 
value of > 10-2 Sv-1 for incidence following acute whole-body 
skin exposure. The sources of data quoted by UNSCEAR (updated 
in some cases) are briefly discussed. 

(1) Treatment of Tinea Capitis 

The report by Shore [28] of a follow-up of a group of 
children irradiated for tinea capitis provides cumulative 
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cancer incident figures up to 29 years post-irradiation. No 
significant tumour incidence was observed during the first 15 
years. Tumours were observed only in Caucasians (none in 
negroes) and the following data refer to this group. The 
calculated cumulative incidence for skin cancers of the head 
and neck after X-irradiation of the scalp with doses of 5-8 Gy 
(500-800 rad) is 38.1/1000 (corrected for years at risk). The 
associated risk figure for the whole-body skin cannot be 
evaluated with any certainty since the skin of the head and 
arms is probably particularly radiosensitive due to synergism 
with UV or to' intrinsic factors. An upper limit for the whole-
body risk figure for incidence (about an order of magnitude 
greater than for the head) is ъ 4x10"2 Sv-1. This study has now 
been extended to follow-up times of 34 years and the skin can-
cer incidence is still increasing. Only basal cell cancers 
were observed in this study and no deaths have been recorded. 
The occurrence of tumours both in and outside the tinea infected 
area is an indication that synergism between radiation and 
disease may not be important. 

Several caveats have to be added to this risk estimate, 
particularly since it applies to an acute exposure to children. 
Little is known of the dependence of age or protraction on skin 
cancer incidence. 

The tinea capitis follow-up study of Modan [29] in Israel 
showed one skin cancer in 10 902 children irradiated. Follow-
up was initially through death certificates and subsequently 
through a national tumour registry. Since non-melanotic skin 
cancers are grossly under-reported by both of these methods, 
this study is accepted as unreliable [27, page 364]. 

(2) Treatment of Benign Dermatoses 

Risk figures similar to those for the tinea capitis study 
can be derived from Rowell's [30] report of a five per cent 
tumour incidence after X-ray doses of ^ 20-30 Gy (2-3 krad) to 
a few per cent of the body area of patients treated for benign 
dermatoses. Five skin cancers (one squamous, four basal cell) 
were observed in 100 patients, one on the hand, four on the 
feet. Follow-up extended to 30 years. 

(3) Multiple Fluoroscopies 
-2 -1 

A whole-body risk figure of ъ 10 Sv can be derived 
for skin cancer incidence from the work of Delarue [31] follow-
ing multiple fluoroscopies of the chest in 308 patients treated 
for pneumothorax. About 3_5 per cent of the body area was 
involved. The risk figure is based on the occurrence of only 
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one cancer in the irradiated area, though two others were 
observed on the supposedly unirradiated face. The mean skin 
dose over ^ 140 examinations was ^ 10 Gy (1 krad). 

(4) Uranium Miners 

Sevcová [32] has observed an excess incidence of basal 
cell skin cancer on the exposed faces of uranium miners. A 
risk figure has been derived on the basis of a mean estimated 
basal layer alpha dose rate of 60 mGy (6 rad) per year, due to 
skin contamination. Dose estimates took into account the vari-
ation in basal layer depth for the skin regions under consider-
ation, in accord with ICRP data [26]. The average annual obser-
ved excess of skin cancer incidence over an eight-year period 
was 3 x 10~4. The total induction rate could thus be considered 
to be ъ 5 x 10"3 Gy~l. This is likely to be a low estimate due 
to the short exposure times and long latent periods normally 
experienced with skin cancer. If one assumes that only ten per 
cent of the body area was exposed, a risk figure for the whole 
body skin would be ^ 5 x 10" 2 Gy~l for alpha radiation. If 
only those miners exposed for more than ten years are considered 
then the excess incidence is trebled but the dose rate estimates 
are likely to be higher and less reliable. The few tens of 
observed basal cell tumours were all surgically removed with no 
sign of recurrence and no associated deaths. 

(5) Treatment of Ankylosing Spondylitis 

Doll and Smith, using death certificate follow-up,are 
reported to have observed no deaths from skin cancer in patients 
who received a single course of radiotherapy for ankylosing 
spondylitis and this has been used to infer a low mortality risk 
[27]. The occurrence of single and multiple basal cell carcin-
oma as a result of this mode of treatment is however not uncom-
mon [33,34]. No deaths from skin cancer were recorded, with 
1.6 expected, in 6838 patients followed from six years post 
irradiation for a further mean period of ^ 11 years. The upper 
limit of the 90 per cent confidence zone (with 0 observed and 
1.6 expected) would correspond to a possible 1.4 cases. .Since 
3-5 per cent of the skin was exposed to 10-15 Gy (1-1.5 krad), 
the failure to detect any skin cancer deaths is still compatible 
with a skin cancer mortality risk of ^ 6 x 10-4 Sv~l. Since 
very few'patients have in fact been followed-up for more than 
^ 15 years, and if latent periods of >20 years are admitted, the 
mortality risk figure will be an underestimate. The paucity of 
data clearly makes any meaningful deductions difficult if not 
impossible. 
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(6) Atomic Bomb Survivors 

The two most useful reviews of dermatological observations 
in the A-bomb survivors are those of Johnson [35] and Key [36]. 
Johnson reported only two skin cancers among 10 650 members of 
the Atomic Bomb Casualty Commission (ABCC) Adult Health Study 
who received a special dermatological examination during 1964-6. 
Both of these were in the non-exposed group. Key identified 20 
cases of skin cancer among the Life Span Study sample using main-
ly surgical pathology files but presumably considered them 
insignificant since he concludes: 

"Based upon 25 years of accumulated experience, there is 
no evidence from ABCC Pathology Department material to suggest 
that skin cancers attributable to radiation have occurred in 
atomic bomb survivors. However, there have been at least three 
cases of skin cancer arising in scars of bomb-related injuries." 

Johnson's detailed study has not been repeated, but no 
skin cancer has been observed during the ensuing regular exami-
nations up to the present time. There therefore seems to be a 
reliable indication that both skin cancer incidence and mortal-
ity are very low in this study. This may not be unconnected 
with the lack of skin cancer in negroes in the tinea capitis 
irradiations, and a low natural incidence of skin cancer in 
pigmented races. The possibility of a connection between low 
radiation sensitivity and low natural incidence of breast cancer 
has also been suggested for the Japanese [27, page 393]. 
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DISCUSSION 

M.W. CHARLES: I mentioned in my paper that none of the extensive 
clinical data on cataract induction support an increase in the eye dose limit as 
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proposed by the ICRP. I wonder if I can take this opportunity of asking whether 
anyone from the ICRP can tell me why this increase has been introduced? 

D. BENINSON: ICRP is at present reviewing the biological information 
relating to non-stochastic effects in the eye. The subject is a main agenda item 
for the meeting of Committee 1 in September 1979. 

M.W. CHARLES: We have been told several times at this Seminar that ICRP 
is setting up working parties to reconsider aspects of Publication 26. This is not 
very satisfactory in my opinion. It is like a man who invents canned food and 
then sets up working parties to try to discover a means of opening the cans. 
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Abstract 

ICRP-26 AND SKIN CONTAMINATION. 
The experience of dealing with skin contamination incidents at'The Radiochemical 

Centre over a 3-year period is presented. Data are given for the primary isotopes involved, 
the duration of skin contamination, and the skin doses that arise from these incidents. The 
methods employed in performing dosimetry for skin contamination are discussed and examples 
involving the isotopes carbon-14 and indium-111 are described. For skin contamination 
incidents, the mode of penetration of the activity into skin is normally not known and this 
can be of major significance for the final skin dose estimate. The operational health physics 
difficulties encountered in complying with both ICRP-26 and UK legislation for skin con-
tamination are considered. In the event of multiple exposure (i.e. skin doses calculated from 
whole body film badges, extremity TLD dose meters and skin contamination) there is ambiguity 
in the precise meaning of the skin dose. The usefulness of Derived Working Levels is also dis-
cussed. Experience at The Radiochemical Centre has shown that good plant design, proper 
training and prompt action in dealing with contamination incidents ensures that overexposures 
to skin from accidental contamination are rare occurrences. 

1. Introduction 

Skin has traditionally posed a special problem in 
radiological protection because of its large surface area and 
inhomogeneous nature [1]. For practical skin dosimetry 
arising from external irradiation, the major difficulties 
have been overcome, at least in principle. The basal layer 
in the skin is normally taken as the sensitive region [2], 
and the depth of the basal layer for various parts of the 
body have been established- [3,4]. The development of ultra-
thin bonded dosemeters [51 enables the mean dose between 
depths of 5 and 10 mg-cm to be measured. Nevertheless, 
certain difficulties can arise in the implementation of 
ICRP-26 [6] with regard to appropriate averaging areas [7]. 

Evaluation of skin doses that arise from skin 
contamination and compliance with ICRP recommendations still 
pose a number of difficulties. In certain respects, the 
problem of skin contamination is simplified in that the 
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contaminated area is usually small and well defined, the 
isotope and level of activity can normally be established 
with reasonable certainty and the retention of the activity 
can be readily monitored. The purpose of this paper is to 
discuss the practical dosimetric and administrative 
difficulties facing operational health physicists when 
dealing with skin contamination incidents. 

2. ICRP-26 

The primary effect of irradiating skin is the appearance 
of non-malignant changes. This non-stochastic effect can be 
prevented by applying a dose eguivalent limit to skin of 
500 mSv/year [50 rem/year]; this dose equivalent limit is 
based on experimental evidence that skin does not undergo any 
cosmetically unacceptable changes at absorbed doses of less 
than 20 Gy [2000 rads] delivered over weeks or months to 
limited portions of the skin. The stochastic risk (i.e. 
fatal skin cancer) is considered to be extremely low and 
should not be included in the evaluation of H E, the 
effective dose equivalent, although a weighting factor of 
0.01 may be appropriate in the assessment of detriment from 
exposure to the entire surface of the skin for population 
groups [8]. 

For practical purposes, averaging over an area of 
100 cm^ is recommended for conditions of routine low-level 
contamination. In the event of accidents, dosimetry 
calculations should be performed and the calculated dose 
equivalent, averaged over 1 cm in the region of the 
highest dose equivalent, should be compared with the dose 

_2 
equivalent limit. A range of 5-10 mg.cm is considered 
appropriate for specifying the depth of the basal layer of 
the skin, and a depth of 7 mg.cm- can be taken as a 
reasonable mean value. The handling of extremely non-uniform 
dose distributions remains problematical, but it is 
considered by ICRP to be inappropriate to compare such 
localised absorbed doses with the corresponding dose 
equivalent limit. 

3. Skin contamination at The Radiochemical Centre 

The Radiochemical Centre at Amersham employs about 1200 
people, of whom over 900 are classified workers. The product 
range is very large,with well over 100 primary isotopes in a 
variety of physical and chemical forms. The amounts of 
activity processed range, approximately, from kilobecquerels 
to terabecquerels (i.e. microcuries to kilocuries). 
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F1G.1. Frequency of skin contamination (1976-1978). 

During the 3-year period January 1976 to December 1978 
approximately 340 incidents involving contamination of staff 
were dealt with by the professional health physicists. Fig.1 
shows the isotope contamination frequency during this period; 
the 7 isotopes shown ( 1 4 C , 1 2 5 I , 9 9 m T c , 3 2 P , 7 5Se, 
3 5S, 1 3 1 I ) accounted for approximately 70% of all the 
cases. The remaining 100 cases involved about 30 other 
isotopes. In particular it is notable that alpha 
contamination was rarely encountered,with only 6 cases 
reported during this period. This is no doubt because of the 
special safety precautions taken when handling alpha emitters. 
The alpha contamination incidents mainly involved particulate 

^Am,which was also readily removable. 

Almost all of the contamination incidents during this 
3-year period concerned the hands, although other regions, 
such as the face and hair, were occasionally found to be 
contaminated. In over 70% of all the incidents dealt with. 
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the contamination was quickly reduced to non-detectable 
levels after standard decontamination procedures had been 
applied by health physics personnel. Table I shows the time 
taken to eliminate the skin contamination in those cases 
(approximately 30% of all reported incidents) where the 
activity was not immediately removed. The activity that 
proved most difficult to remove was iodine-125 labelled 
proteins such as insulin and ACTH. 75% of the incidents 
where contamination persisted for longer than 10 days, 
including the longest two of 23 days and 38 days, involved 
this isotope. In general, experience at The Radiochemical 
Centre has shown that contamination can be readily removed if 
treated promptly. The primary causes of skin contamination 
are faulty equipment (e.g. imperfect vials), operator errors 
(mainly at the dispensing stage of production) and, 
occasionally, non-compliance with local house rules (e.g. 
not wearing gloves when handling volatile radiochemicals). 

In this 3-year period, the number of incidents involving 
contamination associated with minor cuts or punctures 
(e.g. by hypodermic syringes) was 6. In 4 of these cases, 
the contamination was readily removed and in the 2 cases 
where the contamination persisted, the estimated skin doses, 
averaged over an area of 1 cm , were 2.3 rem and 0.3 rem. 
Biological monitoring (e.g. organ uptake and urine analysis) 
showed very small intakes. Thus there have been very few 
practical difficulties encountered in dealing with 
contaminated wounds at The Radiochemical Centre. 

The number of individual skin dose calculations 
performed in this 3-year period 

was 44 and Table II shows the 
results of such calculations. No individual during this 
period exceeded the dose limit of 40 rem/quarter specified in 
the U.K.legislation [9,10] and ICRP-9 [11]. Dose calculations 
were carried out for the most appropriate area of 1 cm2; 
the dosimetry calculations are considered in greater detail 
below. At The Radiochemical Centre, no individual was 
significantly contaminated twice or more on the same area of • 
skin during the same year. However, over the 3-year period, 
2 individuals were found with significant contamination on 
the hands during different years. Even under the worst 
assumption that exactly the same 1 cm2 was involved, skin 
doses in both cases were below 20 rem. 
4. Skin dosimetry 

Although ICRP-26 recommends an average depth of 
7 mg.cm - 2 for the basal layer, in localised contamination 
incidents it is often more appropriate to use the basal layer 
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TABLE I. TIME TAKEN TO REDUCE SKIN CONTAMINATION TO NON-
DETECTABLE LEVELS 

Time (days) ~1 1 - 2 2 - 5 5 - 1 0 1 0 - 2 0 > 2 0 

No. of cases 41 11 17 18 8 2 

TABLE II. MAXIMUM CALCULATED DOSES TO 1 cm2 OF OPERATORS' 
SKIN FROM CONTAMINATION INCIDENTS DURING PERIOD 1976-1978 

Dose (rem) 0 - 1 1 - 2 2 - 5 5 - 1 0 1 0 - 2 0 2 0 - 4 0 > 4 0 

No. of cases 17 9 12 1 3 , 2 0 

TABLE III. EPIDERMAL THICKNESS VARIATION WITH BODY SITE 
(Taken from ICRP-23.) 

Body site 
Mean epidermal 

thickness 
micrometres 

Head 50 + 22 

Trunk 43 + 13 

Arms and legs 60 + 1.8 

Backs of hands 85 + 26 

Wrists 80 + 1.8 

Finger 222 + 120 

Finger tips 370 + 112 

10 micrometres — 1 mg« cm 
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Data taken from Henson P.W. 
Brit. J. Radiol. 45 (1972) 938 

10 H 

10 

10 1 1 1 T r-
5 10 15 20 25 

_2 

Skin depth (mg - cm ) 

FIG.2. Depth-dose curve for sulphur-35. 
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_2 Carbon-14 — ltiCi- cm corresponds to a detected 
count rate (per cn\2) of :-4 
(i) 1.2x10 counts per second for surface 

contamination 
(11) 750 counts per second for uniform 

penetration to a depth of 60 mg.cm-

Days after contamination incident 

FIG.3. Measured carbon-14 contamination. 

depths available in the literature [3,4]. Table III shows 
how the value of the mean epidermal thickness varies with 
differing parts of the body. In contamination incidents the 
location of the activity, which is normally restricted to a 
few spots on the hands, is known and the best estimate of the 
basal layer depth should be used. Fig. 2 shows the depth-
dose curve for sulphur-35 and the rapid fall in dose rate 
with depth clearly demonstrates the importance of utilising 
the best available basal layer depth. One consequence of the 
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Days after contamination incident 

FIG.4. Measured indium-Ill comtaination on a finger. 

variation of epidermal thickness on the hands is that, for 
isotopes where the dose falls off rapidly with depth (e.g. 

S, C), the maximum basal layer dose does not 
necessarily correspond to the most highly contaminated 
1 cm 2. 

For contamination that persists for any length of time, 
(e.g. a few days), it is inappropriate to assume that the 
activity is on the surface of the skin. A distribution of 
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activity with depth must be assumed and this choice is 
difficult in the absence of an accepted model for penetration 
of activity into the skin. For some isotopes, namely soft 
beta emitters,alpha emitters and electron capture nuclides, 
the assumed distribution affects the basal layer dose. The 
measurement of the activity which is present may also be 
difficult to perform accurately because of attenuation 
effects. 

At The Radiochemical Centre, the choice of penetration 
mode is generally guided by the behaviour with time of the 
contamination. For demonstration purposes. Fig. 3 shows the 
case of a carbon-14 hand contamination incident where the 
activity was completely removed after a period of about 12 
days. The initial values shown in Fig. 3 are those remaining 
after the application of standard decontamination procedures 
by health physics personnel; the original levels were 
approximately a factor of 10 higher. Urine analysis from 
this contaminee also indicated a very small intake of carbon-
14 which was rapidly cleared, the whole body dose from this 
intake being estimated to be insigificant. The skin 
dosimetry was performed by assuming a surface contamination 
component and a penetrating component. A dose rate of 
0.15 mrem.hour-^ per cps.cm-2 at the basal layer was 
taken for the surface component [12]. For the penetrating 
component, a uniform penetration to a depth of 60 mg.cm 
was assumed and the dose rate at the basal layer for a 
detector count rate of 1 cps•cm 2 has been calculated to be 
2.2 mrem.hour"^ [12]. This dose rate per cps is over an 
order of magnitude higher than the basal layer dose rate 
calculated per cps for surface contamination alone. The 
highest calculated dose to 1 cm2 of the index finger was 
2.5 rem (0.7 rem from the surface component and 1.8 rem from 
the penetrating component), and a similar calculation for the 
thumb yielded a value of 2.8 rem. 

Fig. 4 shows the behaviour of count rate with time (over 
о 

1 cm ) in a case of indium-111 hand contamination which 
persisted for about 6 days. The behaviour of the 
contamination with time depends on the physical half-life, 
the mode of penetration, and the removal of activity by 
cleaning and abrasion techniques. For skin dosimetry 
purposes,it was assumed that the activity had penetrated 
uniformly to a depth of 50 mg-cm - 2 and the basal layer lay 

—2 
40 mg-cm below the skin surface. The attenuation of the 
indium-111 photons by the skin is negligible, and the 
resultant calculated dose to the most highly contaminated 
1cm2 was estimated to be 16 rem. In this calculation, 
half»lives shown in Fig. 4 (i.e. 31 hours, 6 hours and 
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15 hours) were used. Calculations were also performed for 
this incident using two other models of skin contamination. 
Surface contamination only would have resulted in a basal 
dose of 2 rem, and an exponential penetration to the basal 
layer would have resulted in a basal layer dose of 8 rem. 
The uniform penetration mode adopted in this instance 
resulted in the highest calculated skin dose, which was the 
dose attributed to the operator. 

5. Skin contamination and national legislation 

Operations at The Radiochemical Centre are currently 
governed by two sets of regulations[9,10,13]. Revisions of 
the regulations will take account of the Euratom Directive 
[14] and ICRP-26, and are scheduled to come into effect in 
1981. The dose equivalent limit is currently 15 rem/quarter 
(30 rem/year) for skin and 40 rem/quarter (75 rem/year) for 
the extremities, and it is normal practice to compare the 
highest dose to 1cm^ following an accidental contamination 
incident with the appropriate dose equivalent limit. The 
contamination levels on the surface of the body must also not 

—5 —2 exceed 10 microcuries• cm for alpha emitters and 
10"4 microcuries-cm-2 for all other radionuclides [10]. о 
The permitted averaging areas are 100 cm for skin and, in 
the case of the hands, the whole area of the hand (basically 
for routine low-level contamination). 

ICRP-26 makes no mention of the extremities. These were 
subject to specific dose limits (i.e. 40 rem/quarter and 
75 rem/year) in ICRP-9,and are listed separately in current 
U.K. legislation [9,10]. TLD dosemeters are routinely used 
for monitoring extremity doses at The Radiochemical Centre. 
A classified worker may register a skin dose on his film 
badge, a dose to the extremities (i.e. hands) as measured by 
a TLD on a finger tip, and also be accidentally contaminated 
with a resultant localised skin dose to a few square 
centimetres of one hand. In addition, localised skin doses 
from contamination may occur at different locations at 
different times. The operational health physicist in these 
circumstances is faced with ambiguities with regard to the 
precise meaning of skin dose, and further clarification by 
ICRP in this respect would be welcome. 

For the handling of cases of overexposure, both ICRP-9 
and ICRP»26 recommend a flexible approach where age, health, 
medical advice and local conditions ought to be taken into 
account. For skin contamination, in particular, such 
flexibility is highly desirable in national legislation. 
In such cases it is often possible to undertake local 
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administrative measures to prevent further significant 
irradiation of the contaminated area. These measures could 
include the compulsory wearing of gloves, limitations in the 
use of volatile radiochemicals, limitations in the 
radionuclides handled and exclusion from specified areas. 
Experience at The Radiochemical Centre indicates that 
repeated contamination of skin under normal conditions is a 
rare event and has not occurred during any given year in the 
past 3 years. With special precautions, it is extremely 
unlikely that a further significant dose to a given 1 cm2 

would arise from repeated contamination. 

The operational use of general Derived Working Levels 
(DWLs) for skin contamination is primarily in making initial 
assessments of the seriousness of contamination incidents and 
in setting monitoring instrument levels. Because such DWLs 
are normally based on pessimistic assumptions [15] regarding 
the isotope concerned and the irradiation period, they are 
inappropriate for assessing skin doses. Although immediate 
decisions concerning the treatment of contaminated personnel 
may be made on the basis of DWLs, longer-term handling of 
such cases should be based on the best available dose 
estimate (see section 4). This is particularly true for the 
less hazardous isotopes where the general DWL may be unduly 
restrictive. In addition, a DWL must not be considered as a 
dividing line between acceptable and unacceptable skin 
contamination levels. The ICRP philosophy of as low as 
reasonably achievable (ALARA) should be followed and all skin 
contamination levels reduced wherever reasonably 
practicable. 

6. Conclusion 

Doses in excess of the skin dose equivalent limit from 
contamination are rare occurrences at The Radiochemical 
Centre. Hence skin contamination is not normally a serious 
problem due in part to the care taken in designing apparatus, 
in providing good training and operating instructions for 
employees and in dealing promptly with contamination 
incidents that do arise. The difficulties that are 
encountered are in adopting an appropriate skin penetration 
model where this is considered necessary and in dealing with 
additivity of disparate skin doses. National legislation 
relating to overexposure arising from skin contamination 
should reflect ICRP recommendations. This would allow 
flexibility in the treatment of individual cases and permit 
all the relevant factors to be taken into account whilst 
maintaining adequate radiological protection standards. 
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DISCUSSION 

M. TSCHURLO VITS : In Fig.3 you present the time dependence of a skin 
contamination by 14C. I would like to ask in what chemical compound the 
14C occurred. 

T. FINNIG AN: The operator had been carrying out a preparation using 
14C-labelled acetone. However, she had also worked with a number of other 
compounds during the relevant period so no unambiguous identification could 
be made. 

Yu.V. SIVINTSEV (Chairman): The decrease of skin activity with time in 
Fig.4 is of a somewhat unusual nature. Could not the use of decontamination 
procedures (not mentioned on the graph) be the reason for the sudden changes 
of slope and particularly for the increase in the time rate of decay (as compared 
to the normal decrease)? 

T. FINNIG AN: The removal of activity may be a complex procedure 
depending on the physical half-life, the mode and extent of penetration of the 
contaminant, and involving the use of cleaning and abrasion techniques. In both 
the examples cited, the sudden changes were due largely to the effects of abrasion. 

G.W. DOLPHIN: With regard to these same curves (Figs 3 and 4), can you 
tell how much radioactivity goes into the body? 

T. FINNIGAN: When a contamination incident occurs, an assessment of 
intake is made, most frequently by urine monitoring. Once the contamination 
has become attached to the skin, however, the amount of radioactivity (in terms 
of body or organ burden) that gets into the body is usually very small. Any 
removal by this route could have an effect on the assumed distribution within 
the skin and therefore on the calculated dose to the basal layer. However, the 
assumptions we make are usually sufficiently pessimistic to ensure that this 
calculated dose is not underestimated. 
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Abstract 

DOCUMENTATION OF MEDICAL FINDINGS IN RADIATION WORKERS IN THE GDR 
TO MEET THE REQUIREMENTS OF ICRP PUBLICATION 26. 

Paragraphs 184— 187 of ICRP Publication 26 present the principles of medical surveillance 
of radiation workers. These principles include recommendations for medical examinations 
but, as in ICRP Publication 9, neither references to the intervals between such examinations 
nor to details of examination methods are considered to be necessary. Based on ICRP 
Publication 26, the future organization of the medical surveillance system for radiation workers 
in the GDR is considered in this paper. These radiation workers will also in future be medically 
supervised by means of pre-employment and routine examinations. It is considered necessary 
to have as extensive a registration as possible of information on medical examinations, working 
place analyses and incidents. Such data have to be collected and stored to be compared with 
other national and international projects (e.g. in the field of occupational health). In addition, 
they should permit epidemiological studies to be internationally co-ordinated. For this purpose, 
a documentation system has been prepared in the German Democratic Republic which is based 
on GDR experiences and makes it possible to specify the requirements of ICRP Publication 26. 
This system forms a new basis for mass examinations of occupationally exposed persons. 
Uniform examination methods tailored to meet the task of assuring occupational health in the 
GDR will be introduced. The documentation cards are meant to be used as clear-text cards 
suited for automatic reading by optical character recognition. The examination form consists 
of ten parts and comprises all details from working place situation to medical findings to 
laboratory results. It is felt that this new documentation system permits registration of all 
relevant data required for the effective radiation protection of man. On the basis of this 
documentation of findings, participation is scheduled in the respective international IAEA 
programmes and the studies proposed by the ICRP for problems of radiation-induced 

"carcinogenesis and radiogenetics. 

Paragraphs 184-187 of ICRP Publication 26 present the principles of 
medical surveillance of radiation workers. These principles include recommenda-
tions for medical examinations but neither references to the intervals between 
such examinations nor to details of examination methods are considered to be 
necessary. Based on the ICRP Publication 26, the future organization of the 
medical surveillance system for radiation workers in the GDR is considered in 

5 7 7 
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this paper. Radiation workers will also in future be medically supervised by 
means of pre-employment and routine examinations. These examinations are 
mainly aimed at: 

excluding persons from work whose diseases may endanger them or others 
at work under conditions of ionizing radiation or whose state of health may 
deteriorate, 

detecting early and treating potential injuries to health due to ionizing 
radiation and 

taking purposeful measures to treat diseases. 

The examinations are made by medical officers responsible for radiation protection. 
These responsible medical officers are appointed by the competent district 
medical officer and confirmed by the Nuclear Safety and Radiation Protection 
Board of the GDR (the Board) for the institution in question. In addition to the 
medical surveillance and care of occupationally exposed persons they also render 
first aid in case of accidents. Within this system they will be supported by 
selected clinics of the regional public health system and universities equipped for 
special treatment of persons suffering from radiation accidents. 

Besides this peripheral system of medical care, the Department of Radiation 
Protection Medicine in the Board, with its out-patient and in-patient divisions, 
represents a highly specialized diagnostic facility where internist, dermatological 
and andrological, radiological, ophthalmological, otorhinolaryngological, 
neuropsychiatrie, haematological, biochemical, pathomorphology, genetic 
and other examination methods are used for diagnostics and differential diagnostics 
of radiation effects [1]. 

We consider it is necessary to have as extensive a registration as possible of 
information on medical examinations, working place analyses and incidents. 
Such data have to be collected and stored to be compared with other national 
and international projects (e.g. in the field of occupational health). As is well 
known, every radiation exposure and the resulting biological effects represent 
a highly complex process, in which some dose-effect relationships and the 
influence of additional factors characteristic of occupational environment have 
not yet been fully established. To detect such interrelations large-scale, possibly 
international epidemiological studies are necessary. The problem is how to allow 
for all factors of hazard in order to estimate the probability of inducing somatic 
and genetic effects. 

According to present data from animal tests and to results of extrapolating 
observations in man after higher radiation doses, as indicated in the literature, 
the occurrence of stochastic radiation effects below the dose limits permissible 
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for radiation workers has to be considered a rare event. A statistical analysis — 
if any - of these effects is feasible only if the groups studied are very large. As 
individual countries always have only a limited number of supervised persons, 
which is in general too small for statistical analysis, internationally co-ordinated 
uniform data acquisition and registration, e.g. in the form of an international 
health card, would be of vital importance. For this reason efforts should be 
promoted to elaborate such a uniform international system of data registration 
and evaluation. 

According to paragraph 184 of ICRP Publication 26, medical surveillance 
has the following tasks: 

to assess the health of the worker, 

to help in ensuring initial and continuing compatibility between the health 
of the workers and the conditions of their work, 

to provide a base line of information useful in the case of accidental 
exposure or occupational disease. 

These principles are also applied in the German Democratic Republic (GDR). 
In their application the above-mentioned registration of information on workers' 
examinations, on incidents during work and the exact analysis of working place 
conditions is of importance. 

For this purpose, documentation has been prepared in the Board as a new 
basis for medical mass examinations of radiation workers. This documentation 
is based on our experiences and permits us to specify the requirements of ICRP 
Publication 26. Uniform examination methods tailored to meet the require-
ment« of occupational health in the GDR will be introduced. In compiling such 
an EDP-based documentation system for the medical surveillance of radiation 
workers, we had to proceed from the following considerations: 

(1 ) The harmful effects of ionizing radiation can be cumulative and can be 
relatively exactly determined by dosimetry. 

(2) The doses of internal and external radiation exposure of all radiation 
workers have been centrally registered in the GDR for years. 

(3) Nuclear and radiation technology in industry, science and medicine is*a 
developing field. 

(4) The results of medical examinations and those of dosimetry have to be 
pooled centrally. 
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(5) Late effects can be detected only if there is a possibility of centrally 
checking and recalling data. 

(6) The important problem of limits has to be permanently checked by means 
of the collected and processed data. 

(7) To clear up dose-effect relationships, wide international co-operation is 
required, which calls for an internationally standardized documentation of 
findings. 

(8) The data bank for occupationally exposed persons has to pool information 
on exposure and to make possible a synopsis of events during life. 

This basic documentation also covers the yearly medical examinations. It is 
supplemented by data of specialist medical examinations, by the results of 
dosimetric surveillance of both external and internal radiation exposure, by the 
results of working place controls and analyses and the registration of extra-
ordinary events. The data stored make official and scientific statistics possible. 
Optimum medical care for workers with regard to radiation protection, 
particularly measures of prophylaxis and early rehabilitation for maintaining 
and regaining radiation fitness, can be taken. In addition, epidemiological 
evaluations are planned and should be an integral part of an internationally co-
ordinated system. Moreover, the information contained in this file permits 
inferences for emergency plans. 

The documentation cards are meant to be used as clear-text cards suited for 
automatic reading by optical character recognition. 

The examination form (health card for radiation workers) consists of seven 
parts (see Appendix). For documenting laboratory diagnoses a card consisting 
of three parts has been developed. The Appendix shows sections of drafts for 
cards for the second test stage of the documentation system. Page 01 of the 
health card contains basic data on the enterprise concerned. The data on qualifi-
cation for scheduled or performed work and on handling ionizing radiation are 
documented. In case of exposure to unsealed radioactive materials the radio-
nuclides have to be designated by entering their mass and atomic number. 
Page 02 contains data on type of work, working place characteristics on the 
basis of a scientific analysis and covers exposure factors and stresses detrimental 
to health which affect the worker apart from ionizing radiation. Pages 01 and 
02 are filled in by the enterprise concerned. The data on working place 
characteristics and additional exposure factors and stresses are elaborated 
according to a spectrum of methods uniform for all concerns in the field of 
occupational health in the GDR. Thus it is ensured that, on a national level, 
the results can be evaluated from uniform points of view. 
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This basic principle also holds for medical and paraclinical examinations. 
These methods of examination have also been unified and standardized so that 
medical examinations of occupationally exposed persons are compatible with 
other national examinations in the field of occupational health. 

Pages 03 to 07 of the card have to be filled in by the responsible medical 
officer. On page 03 there are data on intermediate anamnesis and examination 
findings which can be stored in the sense of 'hard data'. Page 04 is for the written 
record of results of medical examinations. As these are almost exclusively so-
called 'soft data', they will not be processed. Page 05 contains the results of 
paraclinical examinations which are all fed into the central'data pool. An essential 
component of page 05 is the provision of diagnoses according to the regulations 
of the WHO International Statistical Classification of Diseases, Injuries and Causes 
of Death, 9th Revision, 1975. Here the physician making the examination has 
also to give his fitness assessment and to take the necessary medical measures. 
The decisions are made in accordance with guidelines published either by the 
Board [2] or by occupational health organizations in the GDR [3] on a national 
level. 

Page 06 contains the results of additional examinations to be performed 
either on the initiative of the physician in the interest of a fitness assessment 
free of doubts or on the basis of regulations concerning radiation protection 
and/or occupational health. Page 07 serves to register occupational, family and 
individual anamnesis. This page is filled-in only once, namely when taking up an 
occupation as a radiation worker. Pages 06 and 07 are also registered in the 
central data store. 

In order to complete the data registration for radiation workers, cards for 
storing laboratory diagnoses which are performed in the facilities of the Board 
have further been elaborated. 

The system of registration cards will be supplemented later in order also to 
cover the documentation of specialist medical examinations, of work-place 
monitoring, of individual dosimetric surveillance and of processing extraordinary 
events. In addition, cards for selected data of various licensing and control 
procedures are being prepared for registration in the central store. 

The data have been all assigned an individual code number laid down by 
law in the GDR, so that a complete central data store is available for processing 
radiation protection problems of every radiation worker. 

The technical implementation of the programme proceeds from the fact 
that, in the final construction stage of the data processing system, electronic 
data processing equipment with a medium or large primary store and a large 
store for direct access will be required. It is supposed that the observable 
number of changes in medical examination findings correlated with radiation 
exposure will be small. Therefore, for epidemiological investigations along these 
lines, large sample amounts of several criteria each have to be statistically evaluated. 
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This presupposes the appropriate capacity in the primary store of the EDP equip-
ment. In addition to epidemiological studies, an appropriate selection of 
information based on the existing data file and if possible in terms of a dialogue 
between physician and file must be possible, requiring short access times. The 
elaborated system should make available the data collection on the state of health 
and radiation exposure of radiation workers in the GDR and at the same time 
meet the aim of testing the optimum structure of the data file and the most 
reasonable organization of work with it over a period of several years. Accordingly, 
the system has to be based on a program structure which allows a stepwise 
extension and adaptation to various types of uses. In addition to guidance for 
writing, maintaining and reading the data file, program are required which < 
check certain provisions of radiation protection medicine and radiation protection 
technology and print out information accordingly. Thus, for example, the 
observance of prescribed intervals between medical examinations, dosimetric 
controls, limits of radiation exposure and other parameters can be controlled by 
periodically running through these programs. Of major importance are the 
programs for obtaining information on individuals or groups of persons as well 
as programs for later epidemiological analysis. Therefore they represent a 
major part of the work of the total system. 

Pilot studies in selected institutions in the GDR based on this new documen-
tation system have confirmed its feasibility and will result in a number of 
improvements. 

We take the view that the documentation system for surveillance of 
radiation workers presented here and put up for discussion will make a contri-
bution to further optimizing medical surveillance and, moreover, to the radiation 
protection system as a whole and its scientific treatment. 
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Appendix 

HEALTH CARD FOR RADIATION WORKERS 
(Experts) 

Page 01 (red) 

Personal data (verbal) 

01 Individual code number 
02 Residential address - postal code number 
03 Institutional address — postal code number 
04 Institutional number, licence number of the Board 

Qualification for scheduled or practised occupation: 
05 Unskilled worker, apprentice, partially skilled worker, assistant nurse, 

skilled worker, foreman 
06 Laboratory worker, engineer, medical-technical assistant, nurse, other 

technical training 
07 Scientific university education, technical university training, physician, 

dentist, veterinarian, other university education 
08 Type of occupation according to labour power classification 

Occupation (verbal) 

Type of radiation: 
09 X-rays (classified)... 
10 Unsealed radioactive materials (alpha, beta, gamma, neutrons) 
11 Sealed radioactive materials 

Page 02 (red) 

Type of work 

13 Medicine, biology, industry, agriculture, research, teaching, others 
14 Contact therapy, deep therapy, surface therapy, operation, X-raying, 

radio-opaque medium — cardiovascular, screening of thorax 
15 Stomatology., gamma-irradiation device, gamma defectoscopy 
16 X-ray micro- and macrostructure, spectroscopy 
17 ... 
18 ... 
19 ... 
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20 ... 
21 In case of extraordinary event or stoppage: what types of radionuclide 

were involved? 
22 Day shift, changing shift, changing shift with nightwork 
23 ... 
24 ... 
25 ... 

Further factors of exposure and stress: 
26 ... (GDR index numbers) 
27 ... 

Page 03 (pink) 

Intermediate anamnesis 

29 Menstruation (regular, irregular), contraceptives (drugs, non-drugs) 
30 Pregnancy 

Births of last year: 
31 Boy, girl, multiple birth 

32 Malformation, abnormality, premature birth, abortion, stillbirth 

Drugs: 33 Not regular, psychodrugs, hypnotics, narcotics, cardiacs ... 
34 Caffeine, alcohol, nicotine (amounts) 

Medically indicated radiation exposure: 
35 Stomach, intestines, kidneys, gall bladder, vessels ... Diagnostics, therapy 

Diseases of last year (also verbal): 
36 Diagnostic code according to International Classification 
37 Size, weight, neck measurement, chest measurement 
38 Visual acuity, auditory acuity, blood pressure 

Page 04 (fully verbal) (black) 
Vital reactions 

Status praesens (highly detailed) 



Page 05 (pink) 
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Paraclinics 

Thorax X-ray: 
40 Tumour, tuberculosis, pleura, vessels... 
41 Silicosis (stage) 
42 Fibrosis, siderosis... 
43 Asbestosis, other findings ... 

Laboratory values: 
44 Blood sedimentation 
45 Haemoglobin, erythrocytes, reticulocytes 
46 Thrombocytes, leukocytes 
47 Differential haemogram 
48 Blood test and urinalysis 

Diagnoses 
49 According to International Classification 
50 ... 
51 ... 

Assessment for scheduled or practised occupation: 
52 Fit, fit for limited service, unfit, additional examination required, fit for 

limited service after additional examination 
53 Required medical measures (prophylaxis, early rehabilitation, skin, liver, 

kidney, heart ...) 

Page 06 (pink)-

Additional examinations 

55 Eyes (interior pressure, visual acuity, refraction ...) 
56 X-ray pathological findings (head, backbone ...) 
57 Audiometry, gynaecology 
58 ECG... 
59 ECG... 
60 ECG... 
61 ECG... 
62 Pulmonary function, performance test, orthostatic test ... 
63 Skin: inflammatory changes after contact with metals, metallic salts, 

rubber, turpentine ..., head, trunk, arm, hand, leg 
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64 Seborrhoea, sebostasis, pigmentation, acrocyanosis, hyperkeratosis ... 
65 Psychological-neurological questionnaire 
67 Lead in urine, in blood ... 
6 8 C a d m i u m i n u r i n e , h a e m o g l o b i n , C h o l i n e s t e r a s e ... 

69 Laboratory: enzymes... 
70 Creatinine, thymol, glucose tolerance test . . . 

Page 07 (pink) 

Pre-employment examination 

Occupational anamnesis: 
72 Health hazard (years of exposure): heavy work, noise, vibration, dusts, 

carcinogenic agents ... 
73 Previous exposure to ionizing radiation (years of exposure) ... 

• 74 ... 
75 ... 
76 ... 

77 Dosimetry: surveillance since, summation dose (mrad) 

Family anamnesis: 
78 Constitutional complaints, hereditary diseases, malformations, sterility, 

neoplasms, other important diseases ... according to International Classification 
79 ... 

more than one abortion per woman in the family, unfulfilled wish for 
children in the family 

Individual anamnesis: 
80 Last tetanus vaccination, number of children, no children wanted, unfulfilled 

wish for children, state of marriage, physical defect % ... 
81 Acknowledged occupational disease, menstrual disturbances, contraception 

since ... 

Individual diseases: 
82 According to International Classification 
83 ... 
84 ... 
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Page 08 (red) 

Laboratory tests (Nuclear Safety and Radiation Protection Board/the Board); 
haematological laboratory 

03 Blood sedimentation, haemoglobin, haematocrit 
04 Erythrocytes ... 
05 Reticulocytes, leukocytes, thrombocytes 
06 Differential haemogram 
07 
08 Bleeding time, recalcification time, quick test 
09 Thrombolastogram 
10 Fibrinogen, fibrinolysis 
11 Retraction 
12 Adrenaline test, Thorn test 
13 Osmotic resistance, Price-Jones curve 

Page 09 (blue) 

Laboratory tests (the Board) 

16 Functional tests: orabet test, bromosulfane test, phenol red 
17 Acido test 
18 Pentagastrine test, duodenal juice 
19 Osmolar free-water clearance, creatinine clearance ... 
20 Lipid status 
21 ... 
22 Electrophoresis 
23 ... 

24 Lipid electrophoresis, isoenzymes 

Page 10 (green) 

Laboratory tests (the Board) 

27 Urine: biochemical investigations 

28 ... 
2 9 . . : 

30 Sediment 
31 ... 
32 Sputum 

Faeces 
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33 Biochemical investigations of blood 
34 ... 
35 ... 
36 ... 
37 ... 

DISCUSSION 

G. COWPER: It is encouraging to hear that the German Democratic Republic 
is taking such a positive approach to the problem of organizing medical records. 
Since many of the data will be compiled over an extended period, I wonder if 
you could indicate what precautions are being taken to ensure unambiguous 
identification of each individual, apart from the use of an individual code number 
(which may sometimes be recorded incorrectly). 

K. NEUMEISTER: The individual code numbers are fixed because they 
are in fact official personal numbers used in the German Democratic Republic. 

G.B. SCHOFIELD: I would congratulate Dr. Neumeister on his vision 
but I would suggest that he has taken on a very large task indeed. In the United 
Kingdom, the NRPB (National Radiological Protection Board) has set up a 
register of radiation workers and basic data are being passed to the organizations 
wishing to undertake studies to relate radiation dose data to mortality. Information 
about deaths is obtained from the United Kingdom Office of Population, Census 
and Surveys. It is important in this type of work to include data on past 
employees in the nuclear energy industry, and a survey has been undertaken at 
the Windscale site of BNFL (British Nuclear Fuels Limited). It is hoped that 
mortality data for this organization will be available in the near future. 

E.E. POCHIN: Dr. Neumeister, you have proposed a heavy programme of 
medical examinations. May I say that I endorse the value of those parts of it 
related to surveillance of the health of exposed individuals. You refer to its 
potential significance for epidemiological studies and say that you aim to include 
estimates or records of all radiation exposure. I would like to ask how reliably 
you hope to obtain the necessary data on the exposures of body organs from 
diagnostic X-rays and radionuclide examinations. These examinations may 
presumably be carried out by any clinic, radiologist or doctor in the country. 
In the case of X-ray examinations, for example, it would be necessary to know 
the details of field size, field position, coning, exposure and the quality and 
number of films. How reliably and consistently do you think this could be done? 

K. NEUMEISTER: In the German Democratic Republic recommendations 
have been issued by the Nuclear Safety Radiation Protection Board and the 
Society for Medical Radiology for standardized X-ray procedures, and similar 
recommendations are due to come out in respect of radionuclide examinations. 
This will enable us to collect all the necessary information. 
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Y. YOSHIZAWA: The information you need about radiation health is 
that concerned with stochastic effects. The medical and social conditions of 
all the workers must therefore be followed over a very long period. 

K. NEUMEISTER: Our study is in fact planned to continue for a 
considerable time. 

Y. YOSHIZAWA: The fear has been expressed that the use of health 
examination records for purposes other than the benefit of the individual worker 
himself would constitute an invasion of privacy. This problem cannot be ignored. 

K. NEUMEISTER: I agree with you. 
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Abstract 

NEW RADIOBIOLOGICAL FINDINGS BEARING ON THE 1977 ICRP RECOMMENDATIONS. 
Recent experiments on low-level irradiation during development (the most vulnerable 

portion of the mammalian life cycle) raise questions relevant to ICRP Publication 26. Mice 
and monkeys were studied; the measured endpoint was the radiation-induced loss of female 
germ cells, an irreversible injury since oocytes cannot be replaced after birth. Three issues are 
examined. The first is the numerical value of Q (quality factor) appropriate for low-energy 
beta rays. Comparisons of tritium with gamma radiation were made under conditions of 
principal interest to radioprotection — chronic, low-level exposure — and the relative biological 
effectiveness (RBE) was found to approach 3. This agrees with theory and microdosimetry. 
Its bearing on ICRP's recommendations concerning Q applicable to tritium is discussed; the 
suggestion is made that a value of 3 would be more appropriate than 1, and gamma rays are 
suggested as standard reference radiation for chronic exposure conditions because they permit 
actual measurements of relevant RBEs. Second, female germ cells in squirrel monkeys before 
birth were discovered to be extraordinarily radiosensitive, more easily destroyed than those of 
mice. If this holds for other primates too, it has radiation-protection implications hitherto 
overlooked. Third, the contrast between massive germ-cell loss from chronic exposure in 
prenatal squirrel monkeys and reported radioresistance of oocytes to acute exposure in rhesus 
monkeys, unless due to species difference, suggests that during development protracted irradia-
tion may be especially injurious. This also could have important radiation-protection 
implications. 

1. INTRODUCTION 

In the course of recent studies on chronic low-level radi-
ation exposure during the vulnerable period of fetal and post-
natal development, experimental results were obtained that bear 
on portions of ICRP-26 [l]. Discrepancies between the new data 
and the ICRP recommendations, where they occur, are not large. 
But they do have implications for radiation protection. It is 
the purpose of this paper, therefore, to call attention to these 
recent radiobiological observations, to analyze differences be-
tween them and ICRP-26, and to consider what they may mean to 
radiation protection practice. 

5 9 3 
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The new results are from studies on intact mice [2,3,4,5,6] 
and monkeys [7], studies done to provide improved radiobiologic 
data for the hazard evaluation of low-level exposure. Protracted 
irradiation during development was given using tritiated water 
(ЗнОН) and 6 0Co gamma rays. Attention was on highly radio-
sensitive cell populations, and the endpoint selected for 
measurement was the radiation-induced killing of female germ 
cells in the ovary, which is an example of life-long, 
irreversible damage to the animal, since lost oocytes cannot be 
replaced after birth nor new ones added. Details of experimental 
procedure may be found in the original reports cited. 

Three main subjects are discussed: 1) the numerical value to 
be assigned to the quality factor, Q, for low-energy beta radi-
ation (this bears on ICRP-26 paragraphs 17-21 and 28-30); 2) the 
discovery in squirrel monkeys (primates and therefore closely 
related to man) that female germ cells are extremely radio-
sensitive before birth, a phenomenon with potential radiation-
protection importance hitherto largely overlooked (relevant to 
ICRP-26 paragraphs 40,42,67, and 8); and 3) the suggestion from 
available but still incomplete primate data that in the devel-
oping animal protracted, low-level irradiation the type of 
exposure which is of main concern in practical radiation 
protection may be especially damaging (of relevance to ICRP-26 
paragraphs 29-30). These subjects are considered from the scien-
tific and applied points of view and suggestions are made with 
the aim of stimulating further data evaluation and the gathering 
of more detailed observations where needed. 

2. THE QUALITY FACTOR (Q) FOR LOW-ENERGY BETA RADIATION 

The question of what numerical value Q should have for low-
energy beta rays is of practical concern and needs clarifi-
cation. Though small factors of difference (less than 3.5) are 
at issue, radiation-protection significance stems from the pro-
minence of tritium in atomic energy operations. This low-energy 
beta emitter is a nuclear-fission byproduct generated in large 
quantities, with impressive amounts released to the environment. 
Much of it is in the form of water having free access to living 
cells. In addition, i s f u ei f o r nuclear fusion and destined 
to even greater importance as technology progresses. Therefore 
studies were undertaken to quantify effects induced in mammals by 
chronic low exposure [2,3,4,5,6,7,8]. The particular result con-
sidered here that bears on the 1977 ICRP recommendations is the 
measured value of the relative biological effectiveness (RBE) of 
tritium beta rays compared with gamma rays determined at low 
doses and dose rates. This has direct relevance to Q. 
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FIG.l. Comparison of mouse oocyte survival curves for chronic 3HOH and 60Co gamma-ray 
exposures. Cell survival is shown as a function of radiation dose rate and "effective" dose 
(see Ref. [3]). 

2.1. RBE measurement at low exposures 

Developing mice were chronically exposed to tritium in body 
water (via 3H0H in the mothers' drinking water) or to 6 0Co 
gamma irradiation, and effects on the female germ-cell population 
were quantified by microscopic counting of surviving oocytes and 
comparing with controls. Dose-response relations were thus es-
tablished. For comparing the two radiations and determining RBE, 
doses in rad were required. For gamma rays these weré measured 
directly; for tritium they were calculated from body-water 3jj 
concentrations (determined by urine radioassay) [ з , б ] . Uniform 
tritium distribution was assumed and cells were taken as 70% 
water. Then, with the dose contribution from Зц i n non-water 
cell components included [ з ] , tritium in body-water at 1 ^tCi/ml 
delivers irradiation to cells at 0.22 rad/day. (Note that even 
if cells are assumed to be 100% water, the dose rate cannot 
exceed 0.29 rad/day, the rate at which pure water tritiated at 1 
(LiCi/ml irradiates itself.) 

Results from several experiments [2,3,б] are summarized in 
Fig. 1. It is seen that the oocyte survival curve (dose-response 
curve) for tritium differs from that for gamma rays in two re-
spects: 1) it is steeper; tritium is more effective than gamma 
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FIG.2. RBE of tritium compared with 60Co gamma radiation, showing inverse variation 
with dose and dose rate. 

radiation, rad for rad; and 2) in this semilogarithmic plot it is 
linear, indicating that cell survival is an exponential function 
of tritium exposure, whereas the curve for gamma rays is convex 
upward. In other words, the effectiveness of tritium is not only 
greater but is constant (at least in the exposure range studied), 
while that of gamma radiation is less and especially so at the 
lower exposure levels. (The persistance of downward curvature in 
the gamma-ray response even though exposure was protracted is 
thought to reflect limited oocyte capacity for recovery [3,б]). 

From these dose-response curves the RBE can be determined; it 
is the ratio of doses that produce equal effects. As seen from 
Fig. 1, the tritium RBE compared with gamma radiation is signi-
ficantly greater than unity more dose is needed from gamma 
rays than from tritium beta rays to kill any given percentage of 
oocytes. And it is not constant; when dose and dose rate 
(exposure level) decrease,the RBE increases. This dependence on 
dose and dose rate is seen more clearly in Fig. 2,drawn from the 
same experimental data. The point to be stressed is this: As 
doses and dose rates are lowered into regions of most practical 
interest from the point of view of day-to-day radiation protec-
tion, namely low-level chronic exposure, the RBE is observed to 
reach approximately 2.8. 
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FIG.3. Estimated low-dose RBEs for' tritium and 250 kV X-rays (HVL 1.8 mm Си) with 
60Co gamma rays used as reference radiation, shown as functions of site diameter (see text). 
(From data of Ellett and Braby [10\) 

Because experimental uncertainties are unavoidable, the num-
erical value 2.8 must be considered approximate. It depends, for 
example, on the tritium radiation dose in rad which was derived 
by calculation. But limits can be identified. As noted, dose to 
cells from tritium in body water at 1 juCi/ml cannot exceed 0.29 
rad/day. So even if in the dose calculation we assume the 
extreme case of cells being 100% water, the 2.8 value arrived at 
above could not go below 2.1. The "true" RBE cannot be lower 
than 2.1. Also, if the cells are really 60% water (see reference 
9) rather than 70% as assumed, the true RBE would be 3.1. Hence 
we conclude that the low-dose RBE as determined with mouse 
oocytes may be somewhat higher than 3, cannot be less than 2.1, 
and is probably about 2.8. 

2.2. Theoretical framework and supporting evidence 

It can be expected that RBE measurements will vary somewhat 
with experimental conditions and biological endpoints used. But 
evidence from sources entirely apart from the mouse oocyte system 
give strong support to a value close to 3 for tritium versus 
gamma radiation at low doses. Ellett and Braby [lo], on the 
basis of the theory of dual radiation action Г11,12] and physical 
microdosimetric measurements on 3g beta and gamma rays, 
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predicted the low-dose RBE to be in the range 3 to 3.5. This is 
seen in the upper curve of Fig. 3. It is in remarkably good 
agreement with our experimentally determined value. 

According to the theory of dual radiation action, radiobio-
logic effects result from inactivation of "sensitive sites" (of 
pim dimensions) by primary lesions caused by the interaction of 
two independent energy-deposition events. The primary lesions 
(and effect) have a linear-quadratic relation to dose, 

e = k(f D + D 2) 

Here к is a proportionality constant thought to be largely indep-
endent of radiation quality for the range of LET (linear energy 
transfer) under consideration (however see references 12,13,14) 
and f (characteristic of the particular radiation) is the dose 
average of the specific energy deposited in the sensitive site. 
Values for f can be obtained from physical measurements of micro-
dosimetric parameters. Ellett and Braby determined values for 
various radiations and site sizes (sensitive sites about 1-3 pirn 
diameter are suggested by data from several biological systems 
[ll]). These f values put into the equation allow estimation of 
low-dose R B E ' s H e r e "low dose" signifies the region D « f where 
the quadratic term becomes negligible compared with the linear 
term. In comparing two radiations, say ß with 7, the RBE is the 
ratio Dy/Dß for D's that produce equal effects, i.e., when £ß = 

€y, hence the low-dose RBE (providing k's are equal or nearly so) 

is given by fß /f . In this way the RBE's shown in Fig. 3 were 

arrived at from microdosimetric determinations of f*s. 

It must be emphasized that our experimentally determined RBE 

value of 2.8 does not in any way depend upon microdosimetry or 

the theory of dual radiation action. The theory and Ellett and 

Braby's results are considered here because they represent a com-

pletely different and independent approach to this RBE question, 

yet they reach essentially the same results as do our biological 

measurements. It is significant in this regard too that Ellett 

and Braby's RBE predictions involving x-rays [lO] also agree with 

biologically determined values (see reference 14) in so far as 

these have been successfully measured at low doses and dose 

rates. This wider agreement strengthens the support given by 

microdosimetry to the evidence that the low-dose tritium/gamma-

ray RBE is about 3. 

2.3. Q and the choice of reference radiation 

In discussing Q for tritium radiation, Johnson [9] has argued 

that a value of 2 would be preferable to 1, the number currently 
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FIG.4. Estimated low-dose RBEs for tritium and 60Co gamma radiation with 250 kV 
X-rays used as reference radiation, shown as functions of site diameter (see text). (From 
data of Ellett and Braby [10\j 

in use since ICRP in 1969 [l5] lowered its recommendation for 
beta radiation from 1.7 (see also reference 1). However, the new 
data show a three-fold difference in effectiveness between 3jj 
beta and б^Со gamma radiation at low exposure and indicate that 
Q for tritium beta rays might more appropriately be 3 if Q for 
gamma rays is to be unity. 

The quality factor, Q, represents essentially an "applied" 
RBE. Since it is for radioprotection use, Q should reflect the 
value of the corresponding RBE at low-level exposure (low doses 
and dose rates) because this is the type of exposure which is of 
predominant importance in practical radiation protection. In the 
particular case of interest here (tritium) RBE's compared with 
gamma rays differ significantly at high and low doses. At high 
doses the RBE is close to 1 [l6], but at low exposure, as we have 
seen, it is about 3. Since day-to-day radiation protection prob-
lems with tritium involve primarily low-level, repeated, or 
chronic exposure rather than high doses, it would not seem pru-
dent to employ for practical protection purposes an "applied" RBE 
of 1 (the same value used for gamma rays); a more appropriate 
"applied" RBE (Q) would be 3. 
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Clearly, the reference radiation is a key factor in this 
issue. Because of the way Q is presently defined [l], as a func-
tion of stopping power (LTO), and because Q is assigned a value of 
unity for radiations of less than 3.5 keV/jum [l], there is 
lack of clarity as to what Q should be for tritium beta rays. If 
in practice either 6 0Co gamma rays or 200-250 kV x-rays are 
chosen to represent the less-than-3.5-keV//im reference radiation 
(with Q of unity), the choice can significantly affect the low-
exposure RBE (equivalent to Q) for 3 H beta rays. This is seen 
in Pigs. 3 and 4. In Fig. 3, RBE1 s for tritium and 250 kV x-
rays are shown with gamma rays as reference radiation 
(assigned RBE = 1), while in Fig. 4 low-dose RBE1 s for tritium 
and 60co gamma radiation are shown with 250 kV x-rays as the 
reference radiation (assigned RBE = 1). The RBE's are different 
in the two cases, the reason being that X- and gamma rays differ 
significantly from each other at low doses and dose rates. 
Nevertheless, both of these radiations have been widely employed 
as reference standards, and the ambiguity leads to confusion. 

Problems associated with RBE's and Q values for low-LET radi-
ations have recently been discussed by Bond [l4]. He has pointed 
out advantages that might be derived from adopting x-rays as the 
reference standard while at the same time retaining Q = 1 for 
gamma rays (in place of the approximately 0.4 indicated by data 
in Fig. 4). This would offer advantages through simplification. 
But it appears to have a basic drawback: x-rays cannot be used 
for experimental measurements under conditions of chronic expo-
sure the conditions of most significance to radioprotection. 
Gamma rays, on the other hand, can be used for this purpose; and 
they are widely available. 

On the basis of these practical considerations, it is sug-
gested that gamma rays be selected as the standard reference 
radiation and assigned a Q of unity, with the further provision 
that this should apply to low-dose and low-dose-rate conditions. 
Other radiations could then be given Q values on the basis of 
corresponding experimentally determined RBE's. All values would 
be testable in the laboratory. In addition, there is another 
important reason for selecting this reference: most of the 
available information collected over the years which forms the 
basis of current understanding of protracted irradiation at low 
levels is based primarily on data obtained with gamma rays. This 
in itself could be considered compelling. 

The choice of reference standard is, however, arbitrary, and 
while gamma radiation represents the simplest practical choice, 
with much in its favor, other suggestions have recently been made 
[l4,17]. To these, tritium beta radiation should be added. 
While there may be some dosimetric difficulties related to sub-
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FIG.5. Comparison of mouse and squirrel monkey oocyte survival curves for continuous 
exposure to 3HOH during in-utero development (plus first 14 postnatal days for miceJ. 

cellular localization, tritium as 3H0H deserves serious con-
sideration because it has attributes superior to those of x-rays 
as a practical standard. It has constant effectiveness in the 
low-dose region, as seen in Fig. 1, and it can actually be em-
ployed in measurements involving protracted irradiation. 

When the various proposals are considered and weighed and 
when account is taken of the relationship 

H = DQN [l] 
it seems clear that gamma radiation at low exposure because of 
simplicity and experimental ver ifiability, and because it is the 
main source of existing low-exposure dose-effect data -̂is the 
outstanding choice to be the low-LET reference radiation for Q 
values. Tritium beta rays would then have a Q of about 3. For 
other exposure conditions such as high doses and dose rates, 
values of N different from 1 might be considered. 

3. THE FETAL OVARY AS A TISSUE AT RISK 

Other questions relevant to ICRP-26 raised by these low-
exposure, chronic irradiation experiments have to do with tissue 
radiosensitivity and relative risk. Oocytes in monkeys 
[l8,19,20,2l] and man [20,22] have in the past been considered to 
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be relatively radioresistant, with I ^ g ' s in the hundreds and 
thousands of rad. This contrasts sharply with the situation in 
rodents, especially with the great sensitivity in juvenile mice, 
where the LD 5 0 for these cells is only 4.5-8 rad [7,23]. It 
was recognized, however, that until chronic exposure during ges-
tation had been examined, the possible existence of sensitive 
periods in primates during prenatal development could not be 
ruled out [2]. This has now been studied [7]. Squirrel monkeys 
(Saimiri sciureus) were continuously exposed to tritium (via 
^HOH in maternal drinking water) during in-utero development 
and their ovaries were examined at birth. Massive oocyte defi-
ciencies were found even greater than in mice. 

This is seen in Pig. 5, where oocyte survival for both mouse 
and monkey are shown in relation to tritium levels in body water 
and corresponding radiation dose rates. The LD50 level for 
mouse oocytes is 2 /nCi/ml, 0.44 rad/day. That for monkey germ 
cells is substantially less, about 0.5 /LiCi/ml, 0.11 rad/day. The 
two-component dashed line in Fig. 5 represents an alternative 
interpretation of the monkey data, which excludes a single out-
lier data point (see reference 7). Since it is not possible at 
this time to rule out this interpretation, it is included here 
because the LD 5 0 level indicated by it is only 0.07 дС1/т1, 
0.015 rad/day. Regardless of which interpretation of these data 
is selected, however, it is seen from Fig. 5 that protracted pre-
natal exposure to beta radiation at only 1 rad/day results 
in destruction of 99.9% of the germ cells in the female squirrel 
monkey by the time of birth. 

This dramatic effect, unexpected from previous studies, shows 
that germ cells of the female primate, at least in this species, 
are profoundly sensitive to destruction by chronic low-level ir-
radiation at some time during prenatal development. Since in 
these monkeys no other significant abnormalities were detected by 
extensive histopathological examinations of the tissues [24], 
this warns of the possibility that the fetal ovary may be a 
tissue which is at especially high risk from protracted low-level 
irradiation. This had not been clearly recognized previously. 

It is not yet known, however, whether such great germ-cell 
radiosensitivity occurs in man. There are no data from clinical 
or experimental sources to show that it does, and the main sug-
gestion of its possible occurrence in man is in these results from 
squirrel monkeys. On the other hand, data from human fetal 
ovaries studied in organ culture [20,22]and rhesus monkeys ir-
radiated in utero at various times during gestation [l9] suggest 
relative radioresistance for primate oocytes, at least under the 
experimental conditions used. Acute irradiation was employed, 
however, so the possibility remains that high sensitivity could 
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be present at some period not specifically examined. A sug-
gestion that this might be so comes from experiments on bonnet 
monkeys given repeated 11.5-rad doses of x-irradiation twice 
weekly to a total of approximately 200 rad [25]. No definite 
effects were observed in ovaries of animals treated during mid-
gestation, but irradiation during the last trimester produced a 
75% reduction in germ-cell number. Also, in rhesus monkeys given 
single acute doses, greatest oocyte depletion was found after ir-
radiation in the middle of the last third of gestation [l9]. 

These various primate results considered together suggest the 
following possibility: that elevated oocyte radiosensitivity 
occurs in monkeys probably in the latter part of gestation but 
that the especially sensitive period for each cell is short; 
then, because of asynchrony in oocyte development [l9], with only 
a fraction of the cells highly sensitive at any one time, chronic 
exposure causes greater cell killing than does acute irradiation, 
with fractionated doses intermediate in effectiveness. Such an 
explanation could account for the contrasting observations re-
ported. But it must be emphasized that this is speculative. It 
may turn out that squirrel monkey oocytes are an exceptional 
case. Chronic Знон-exposure studies are currently under way on 
rhesus and bonnet monkeys to probe this question, and the results 
should help to clarify any possible implications for man. 

4. EPILOGUE 

Since oocytes are not replaceable after birth, it may be ex-
pected that significant germ-cell destruction in the fetus might 
lead to premature menopause. It is instructive, therefore, to 
consider what oocyte deficiencies might be predicted by the 
squirrel-monkey results if perchance they reflect the situation 
in man. From the curves in Fig. 5 one can estimate the defi-
ciency at birth resulting from a tritium exposure level that 
delivers 0.1 rad/week (0.065 ^Ci/ml). The solid curve (with 
L D 5 q = 0.5 /uCi/ml) shows that it would be about 9%; the dashed 
curve (with LD50 = 0.07 /nCi/ml) indicates it might be 48%. 
These predictions hold for exposure at 0.1 rem/week if a Q of 1 
is used. If Q = 3 is selected, and tritium radiation is given at 
0.1 rem/week, the two estimates of germ-cell deficiency become 3% 
and 20%. They would be reduced again, to about 1% and 7% re-
spectively, by restricting the occupationally exposed pregnant 
woman to "working condition B" recommended in ICRP 26 [l]. But 
this added protection would effectively be cancelled by taking Q 
as 1 rather than 3. 
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Abstract 

THE NATURAL BACKGROUND APPROACH TO SETTING RADIATION STANDARDS. 
The suggestion has often been made that an additional radiation exposure imposed on 

humanity as a result of some important activity such as electricity generation would be 
acceptable if the exposure was 'small' compared to the natural background. In order to make 
this concept quantitative and objective, we propose that 'small compared with the natural 
background' be interpreted as the standard deviation (weighted with the exposed population) 
of the natural background. We believe that this use of the variation in natural background 
radiation is less arbitrary and requires fewer unfounded assumptions than some current 
approaches to standard-setting. The standard deviation is an easily calculated statistic that 
is small compared with the mean value for natural exposures of populations. It is an 
objectively determined quantity and its significance is generally understood. Its determination 
does not omit any of the pertinent data. When this method is applied to the population of 
the USA, it implies that a dose of 20 mrem/year would be an acceptable standard. This is 
closely comparable to the 25 mrem/year suggested by the Environmental Protection Agency 
as the maximum allowable exposure to an individual in the general population as a result of the 
operation of the complete uranium fuel cycle. Other agents for which a natural background 
exists can be treated in the same way as radiation. In addition, a second method for determining 
permissible exposure levels for agents other than radiation is presented. This method makes 
use of the natural background radiation data as a primary standard. Some observations on 
benzo(a)pyrene, using this latter method, are presented. 

1. INTRODUCTION 

At the Institute for Energy Analysis of the Oak Ridge Associated Universities, 
a small group of biologists has been trying to develop alternative approaches to 
the radiation standard setting problem. At the same time, the group has been 
concerned with standard-setting for chemical agents, emphasizing those that are 
by-products of power production. We are relatively new in this field. It is 

* Permanent address: Oak Ridge National Laboratory, Biology Division, Oak Ridge, 
Tennessee. 
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therefore likely that we will rediscover approaches that have been explored before. 
We hope, however, that we can add some element of novelty and, for this reason, 
we present our results here. 

2. THE "NATURAL BACKGROUND" APPROACH TO RADIATION 
STANDARD SETTING 

It has frequently been suggested that the natural background of ionizing 
radiation could provide important information pertinent to exposure standard 
setting for the general human population. For example, in 1959 the Ad Hoc 
Committee of the US National Committee on Radiation Protection and Measure-
ments stated: "The Committee recommends, pending more precise information, 
that maximum permissible doses for the general population should be related 
to the average natural background level of radiation" [1 ]. In the intervening 
years, some of the "more precise information" requested by this committee 
and others has been laboriously and expensively produced but, in our opinion, 
no data have appeared that negate the basic correctness of the original position. 
As a matter of fact, it may be that laboratory data which will further improve 
our understanding of the effects of low doses of radiation on large human 
populations will never be available. There are many reasons for this and they 
have been frequently discussed. We call attention here to one factor, introduced 
in recent years, that may not be as obvious. The new world-wide concern for 
the setting of standards for a large host of chemical agents necessarily draws 
the attention of many scientists previously conducting radiation studies. It 
appears likely that, even if it were theoretically possible to collect the "more 
precise information", the appropriate scientists will have been diverted to other 
tasks and will not be available. 

The human population has evolved more or less satisfactorily in an 
environment which has always contained ionizing radiation and the levels of 
this radiation have varied over time and from place to place. This certainly 
should provide us with large amounts of data directly applicable to the setting 
of standards. How do we best make use of this grand experiment? This paper 
contains some suggestions that we hope will stimulate discussion of the question. 
In addition, we will attempt to develop some ideas that stem from the "natural 
background" approach to radiation standard setting and show how they may 
be applied to other chemical and physical agents. 

This approach begins from the premise that the most pertinent information 
we have is the fact that, throughout all of human history, the environment has 
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been providing a continuous, low dose rate exposure. This dose rate varies in 
different locations and at different altitudes and has been measured with con-
siderable accuracy. Attempts to correlate cancer or other forms of ill health 
with the variations in this "natural" background radiation have failed. Apparently, 
even those regions of the world providing the highest natural doses do not produce 
human populations with detectable radiation-associated defects. Because of 
these findings, it has often been suggested that the effects of an additional dose 
imposed on humanity as a result of human activities would also be undetectable 
and acceptable as long as that dose is "small" compared with the natural background. 
This concept is particularly appealing if the man-made radiation hazard is imposed 
as a by-product of some legitimate beneficial activity — such as the generation 
of electricity. 

In order to make this concept quantitative and objective, we have proposed 
that "small compared with the natural background" be interpreted as the standard 
deviation (weighted with the exposed population) of the natural background [2]. 
We believe that this use of the variation in natural background radiation is less 
arbitrary and requires fewer unfounded assumptions than some current approaches 
to standard-setting. The standard deviation is an easily calculated statistic that 
is small compared with the mean value for natural exposures of populations. It is 
an objectively determined quantity and its significance is generally understood. 
Its determination does not omit any of the pertinent data. If, as a result of new 
measurements, additional information on the variance in natural background 
becomes available, the appropriate adjustment of the standard deviation is 
readily made and does not require new decisions and debate. It may be noted 
that if the standard deviation is used as the exposure standard, then, on the 
average, the actual exposure to the population at large would almost surely be 
much less than the standard deviation. 

In order to demonstrate the proposed method, we have used data provided 
by the United States Environmental Protection Agency on the radiation exposures 
due to the natural background experienced by the populations living in each of 
the United States. Members of the Health Physics Division of the Oak Ridge 
National Laboratory have used these data to produce a histogram for which it is 
possible to derive a standard deviation. The value of the standard deviation is 
20 mrem/year, a figure closely comparable to the 25 mrem/year suggested by 
the Environmental Protection Agency as the maximum allowable exposure to an 
individual in the general population as a result of the operation of the complete 
uranium fuel cucle. This agreement suggests that the "natural background-
standard deviation approach" may be worth further exploration. Refinements 
of the techniques are certainly possible. Perhaps a statistic other than the 
standard deviation is more appropriate. A more detailed understanding of the 
quality and intensity of radiation exposure of the human population would 
be desirable. 



6 1 0 ADLER et al. 

3. THE APPLICATION OF THE NATURAL BACKGROUND APPROACH 
TO AGENTS OTHER THAN RADIATION 

In theory, any agent that has been present in the environment for much 
of human history may be treated as we propose for radiation. The basic condition 
that must be met is that the natural background exposure of humans to the 
agent is different in different locations and that, over this range of exposures, 
no overt ill health directly attributable to the agent exists. Some chemical 
constituents of soil and water may meet these conditions. If the appropriate 
exposure data can be developed for these agents, and the standard deviation is 
used as we have done for radiation, then a beginning may have been made 
towards a uniform approach to standard-setting for many naturally occurring 
agents. We are currently attempting to find the appropriate data for fluorine 
and its compounds. This element is an example of an agent that is naturally 
widespread and has been present for all of human history. As for radiation, 
population exposures vary widely at different locations without any serious 
effects on health. In recent years, in parallel to the case for radiation, human 
populations have been exposed to additional amounts of fluorine in the 
expectation of deriving some benefit. How much additonal fluorine should 
be permitted? We are currently attempting to use the "natural background" 
approach to answer this question, but our data are incomplete at this time. 

4. AGENTS FOR WHICH THE "NATURAL BACKGROUND" 
APPROACH IS IMPRACTICAL 

Many potentially harmful agents cannot be treated as described in the 
preceding paragraphs. Either no natural background exists or it is unlikely 
that, if one exists, we will be able to accumulate the appropriate data. For 
such agents we are considering a different approach. This proposed method is 
based on the premise that radiation data can be used as a primary standard to 
which other agents can be compared. This concept is not new and, in one 
version, is illustrated by the report of Committee 17 of the Environmental 
Mutagen Society [3]. We have taken a slightly different approach. We assume 
that the slope of the radiation dose vs. effect curve obtained from high dose 
information is an accurate reflection of the slope at very low doses. The same 
assumption is made for the new agent under study. The two agents are then 
compared as illustrated in Fig. 1. For such a comparison, it is desirable to 
use data from the same species for both agents and the same measure of 
biological damage. In the figure we use human radiation data from the 
BEIR 1 report and human benzo(a)pyrene data from M.C. Pike et al. [4, 5]. 
The induction of lung cancer is the common criterion of biological damage. 
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FIG.l. Comparison of the induction of lung cancer by low doses of ionizing radiation 
and benzo(a)pyrene. 

The slope assumed for the radiation curve is the average of the Hiroshima-
Nagasaki data, the uranium miner data and the Newfoundland Fluorospor 
miner data. The slope assumed for benzo(a)pyrene is an average of data for 
smokers and non-smokers weighted slightly towards cigarette smokers for ease 
of calculation. 

If we were to accept an excess lung cancer rate due to benzo(a)pyrene in 
the atmosphere equivalent to the rate that might be due to natural background 
radiation, then an appropriate standard for the concentration of benzo(a)pyrene 
in air would be 0.013 ng/m3. If we allow an additional increment equivalent 
to that we have suggested as reasonable for radiation (25 mrem) then the value 
becomes 0.016 ng/m3. Both these values are distinctly lower than the values 
of benzo(a)pyrene found in the atmosphere of US cities considered to be in low 
concentration areas. As a matter of fact, these values are approximately two 
orders of magnitude lower than the US national average. 

These results suggest several possibilities. It may be that we have used 
inappropriate data. Perhaps the results merely reflect the peculiar attitude that 
has generally been taken towards the hazards of ionizing radiation. In general, 
it is clear that radiation standards are much more restrictive than standards for 
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other agents. Clearly we must extend our observations to other agents in order 
to establish their usefulness. We are currently examining aflatoxin and asbestos 
by this same technique but do not yet have results to report. 

5. CONCLUSION 

We have discussed two approaches to standard setting for the general 
population. The primary one makes use of information derived from natural 
backgrounds. It is applicable to ionizing radiation and certain other naturally 
occurring agents. The second method allows us to relate agents for which the 
natural background approach seems unsuitable to a radiation standard based on 
the natural background. Both methods are open to criticism but we hope that 
we have contributed some elements of novelty that will lead to the development 
of useful approaches to standard setting. 

REFERENCES 

[1] Request of the Ad Hoc Committee of the National Committee on Radiation Protection 
and Measurements, Science 131 (1960) 482. 

[2] ADLER, H.T., WEINBERG, A.M., An approach to setting radiation standards, Health 
Phys. 3 4 ( 1 9 7 8 ) 719. 

[3] Report of Committee 17 of the Environmental Mutagen Society, Environmental 
Mutagenic Hazards, Science 187 (1975) 503. 

[4] Report of the Advisory Committee on the Biological Effects of Ionizing Radiation, 
Natural Academy of Sciences, National Research Council, Washington (1972). 

[5] PIKE, M.C., GORDON, R.J., HENDERSON, B.E., MENCK, H.R., SOOHOO, J., 
"Air pollution", Ch. 14, Persons at High Risk of Cancer (FRAUMENI, J.F., Jr., Ed.), 
Academic Press, New York (1975). 



IAEA-SR-36/24 

VARIABILITY IN THE NATURAL RADIATION 
DOSE AS A POINT OF COMPARISON 
FOR JUDGING ACCEPTABLE RADIATION RISK 

B. SHLEIEN, G.D. SCHMIDT, 
R.P. CHIACCHIERINI 
Bureau of Radiological Health, 
Food and Drug Administration, 
Public Health Service, 
Department of Health, Education and Welfare, 
Rockville, Maryland, 
United States of America 

Abstract 

VARIABILITY IN THE NATURAL RADIATION DOSE AS A POINT OF COMPARISON 
FOR JUDGING ACCEPTABLE RADIATION RISK. 

The Recommendations of the International Commission on Radiological Protection use, 
as a valid method forjudging the acceptability of the level of risk due to occupational radia-
tion exposure, a comparison of work-related radiation risks with risks in other occupations 
recognized as having high standards of safety. Recently the Food and Drug Administration 
evaluated various rationales on which to base Protective Action Guides (PAGs). PAGs are 
guides or numerical limits for actions, to be taken in the event of a radiological incident 
resulting in the contamination of human food or animal feeds. As with the ICRP's recommenda-
tions the PAGs have been formulated on the basis of a judgement of acceptable risk. One 
approach for making this judgement is to compare the risk of radiation exposure with the risk 
of other common hazards accepted by society. This approach is similar to that employed by 
the ICRP. Another method of comparison, described in this paper, uses the variability of 
natural radiation exposure for evaluating the acceptability of radiation risk. This comparison 
yields more conservative numerical limits than comparison to common societal hazards. This 
comparison is appropriate in that the geographic variability in natural radiation exposure 
is normally discounted as a risk in a highly mobile society. Further, in this analysis radiation 
risks are directly compared rather than comparing radiation with non-radiation risks, as is the 
case for analyses employing societal hazards as a baseline reference. 

I. INTRODUCTION 

The process of determining numerical limits for setting 
radiation standards is one of risk assessment. This 
process[1], in which risk considerations are an important 
factor in decision-making, consists of two elements: 
Determination of the probability that an event will occur, 
and determination of "acceptable risk." The first 

6 1 3 
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of these elements identifies the consequences of a decision 
and estimates the associated risks. Since initiation 
of protective action assumes that an accident has occurred 
prior to using the proposed protective action limits, the 
emphasis in formulating such limits is on the determination 
of acceptable risk. Recently, ICRP Recommendations[2] have 
judged the acceptability of occupational radiation risk by 
comparing it with risks for other generally recognized safe 
occupations. The acceptibility of radiation risks may also 
be judged by comparison to the risk of prevalent hazards 
accepted by society and to the variability of the natural 
radiation environment. This latter comparison has recently 
been suggested as a means for setting radiation limits[3]. 

The issuance of proposed guidance on planning actions 
necessary in case of accidental radiation contamination 
of food and animal feeds from fixed nuclear facilities, 
transportation accidents, and fallout is one of the respon-
sibilities of the Food and Drug Administration under a 
Federal Interagency program for emergency response planning. 
This paper describes one method employed by the Food and 
Drug Administration to establish dose limits for proposed 
Protective Action Guides (PAG's) for actions to be taken in 
the event of a radiological incident resulting in the 
contamination of human food or animal feed[4][5]. PAG's are 
defined as the dose commitment to individuals in the general 
population that warrants action following release of radio-
active material. The numerical dose commitment value for the 
PAG's that have been derived were compared to the risk from 
natural disasters (approximately a one in a million annual 
individual risk of death) and to the risk associated 
with two standard errors of the mean (S.E.M.) of the natural 
radiation environment in the United States (8.5 millirem per 
year). Of the two comparisons, the most conservative 
estimates (i.e. lowest PAG limits) were obtained from the 
comparison with the variability in the natural radiation 
environment[5]. Because of limitations as to the length of 
this report, this paper will present only an evaluation of 
acceptable risk based on a comparison with variability in 
the natural radiation environment. 

II. PROTECTIVE ACTION GUIDES (PAG's) 

As mentioned above, a Protective Action Guide or PAG 
is defined as the projected radiation dose equivalent or 
dose commitment to individuals in the general population 
that warrants protective action following a release of 
radioactive material. Protective action would be war-
ranted if the expected individual dose reduction is not 
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offset by negative social, economic, or health effects. 
The purpose of PAG's is to prevent additional radioac-
tivity from entering the human food chain and to reduce 
or avoid future radiation doses to the population after 
an accidental contaminating event. Such events include 
accidents at nuclear facilities, transportation acci-
dents, and fallout from nuclear devices. 

The PAG's are defined in terms of "dose commitment 
"Dose Commitment" means the radiation dose equivalent, 
delivered over a lifetime, from a single event,received 
by an exposed individual to the organ cited. Ideally, 
if a particular tissue is subject to radiation from more 
than one source, the combined dose from all sources should 
be considered. However, in an accident at a fixed nuclear 
facility the food chain is likely to be the major route of 
significant population exposure[6]. 

PAG's are proposed for two levels of response: 

1. Preventive PAG - applicable to situations where pro-
tective actions of minimal impact are appropriate; 
i.e. a level at which protective actions prevent or 
reduce the concentration of radioactivity in food or 
animal feed. 

2. Emergency PAG - applicable to incidents where pro-
tivé actions of great impact are justified because of 
the projected health hazards; i.e. a level at which 
food containing radioactivity should be isolated and 
not introduced into commerce. 

III. EVALUATION OF RISKS 

A review of the current literature indicates that the 
absolute risk estimates developed in the BEIR Report[7] 
and subsequently modified by the Reactor Safety Study[8] 
are appropriate for use in an analysis of somatic risk. 
An absolute risk model is employed in this analysis. 
An absolute risk approach is preferable to a relative 
risk model because the latter is based on natural cancer 
rates which are highly variable and dependent upon diverse 
factors such as age, location, socioeconomic class, race, 
genetic-makeup and environmental factors,among others. 

The radiation doses considered result from ingestion of 
fission product isotopes of cesium, strontium, and iodine. 
The four cancers considered in this analysis, and their 
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TABLE I. ESTIMATED LEUKEMIA DEATHS FROM A SINGLE EXPOSURE 

Exposure 
-

Age cohort Pop. size 
(X 1 0 6 ) 

Life expect, 
(a) 

Latency 
(a) 

Years of Risk factor 
risk (10~ 6 man rem/a) 

Deaths 

In utero 2.391 71.0 0 10 15 359 

0 - 1 3.043 71.3 2 25 2 152 

1 - 1 0 31 .739 69.4 2 25 2 1587 

1 1 - 2 0 42 .608 60.6 2 25 1 1065 

2 1 - 3 0 35 .652 51.3 2 25 1 891 

3 1 - 4 0 25.652 42 .0 2 25 1 641 

4 1 - 5 0 23.696 32.6 2 25 1 592 

5 1 - 6 0 22.608 24.5 2 22.5 1 509 

6 1 - 7 0 17.391 17.1 2 15.1 1 263 

7 1 - 8 0 9.565 11.4 2 9.1 1 87 

80 + 4 .348 6.5 2 4.5 1 20 

Total (per rem) 6166 

Pop. dose 
(mrem) U S A a 

Estimated leukemia deaths 

Loca l b 

5 31 2 

10 62 4 

15 92 6 

20 123 8 

25 154 11 

50 308 21 

100 617 43 

500 3 083 213 

1 000 6 166 425 

1 500 9 249 638 

3 000 18 498 1276 

10 000 61 660 4255 

a Assumes 215 X 106 population, 
k Assumes 15 X 106 population. 
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associated target organs, are leukemia from whole-body and 
bone marrow irradiation, thyroid cancer from radioiodine 
exposure to the thyroid gland, bone cancer from the deposi-
tion of strontium in the skeleton, and gastrointestinal 
cancers from exposure of the gastrointestinal tract. These 
cancers can be attributed to internal radiation via the food 
pathway. 

Two types of analyses were conducted. The first 
estimates the lifetime cancer deaths from a single exposure 
to both the entire United States population of 215 million 
persons[9] and a local population equivalent to a total 
population of 15 million persons living within 25 miles of a 
reactor site[8]. This analysis is applicable to the esti-
mation of risk due to PAG dose commitments. A second 
analysis estimates the annual excess cancer deaths to be 
borne by the United States population from a continuous 
radiation exposure. This analysis is applicable to esti-
mation of risk due to the variability in the natural radi-
tion background. For a single exposure, the resulting 
lifetime cancer deaths in the exposed population were 
estimated. As mentioned above, estimates for leukemia, 
thyroid cancer, bone cancer and gastrointestinal cancer were 
made[5]. Space limitations permit only the table for 
leukemia to be shown here (Table I). The results of these 
estimates indicate that from a single exposure of 1 rem to 
the entire U.S. population the expecte^ number of cancer 
deaths over a 70-year period is 14 800 (leukemia 6 166, 
thyroid cancer 2 397, bone cancer 1 497, and G.I. tract 
cancers 4 751). From a single exposure of 1 rem to the 
estimated population within 25 miles of a reactor site the 
expected number of cancer deaths is 1000 (leukemia 425, 
thyroid 166, bone cancer 104, and G.I. tract cancer 329). 

As previously noted, these estimates of risks are 
applicable to the expected risks due to the PAG dose 
commitments (i.e. assuming a single exposure in a lifetime). 

Similarly, the cancer deaths from continuous exposure 
are applicable to estimation of risk due to natural radioac-
tivity. Again only one example is presented here. Table II 
shows the estimated leukemia deaths from continuous exposure 
to radiation. Cancer deaths associated with a continuous 
dose of 100 mrem annually are 1 180 (leukemia 559, thyroid 
cancer 173, bone cancer 110, and G.I. tract cancer 337). 

1 Totals are rounded o f f . 
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TABLE II. ESTIMATED LEUKEMIA DEATHS FROM A 
CONTINUOUS EXPOSURE 

Age Pop. Exposure period Total 
cohort size 

(X 10 6 ) 
In utero 

Dose a Deaths 

0 -

Dose a 

-9 

Deaths Dose a 

1 0 + 

Deaths 

deaths 

(rem) (rem) (rem) 

0 - 1 3 .043 0.075 3 0 0 0 0 3 

1 - 1 0 31.737 0.075 36 0.45 29 0 0 65 

1 1 - 2 0 42 .608 0 1.00 85 0.45 19 104 

2 1 - 3 0 35.652 0 0.94 67 1.45 52 119 

3 1 - 4 0 25.652 0 0.28 14 2.35 60 74 

4 1 - 5 0 23.696 0 0 0 2.50 59 59 

5 1 - 6 0 22.608 0 0 0 2.50 57 57 

6 1 - 7 0 17.391 0 0 0 2.50 4 3 43 

7 1 - 8 0 9.565 0 0 0 2.50 24 24 

8 0 + 4.348 0 0 0 2 .50 11 11 

Total 39 195 325 559 

Annual dose Estimated leukemia deaths annually 
(mrem) 

5 28 

10 56 

15 84 

20 111 

25 140 

50 280 

100 559 

a Dose of 0.1 rem/year. 

The procedures for estimating genetic risks using 
models from the references cited above[7][8] are less 
precise than for somatic risk. Genetic risks were evaluated 
but were not as critical to the final conclusions[5]. 
For the whole U.S. population one would expect 11 000 to 
18 000 genetic effects over two generations (approximately 
60 years) for a single 1 rem dose. For the population 
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within 25 miles of a reactor site a corresponding dose would 
yield 800 to 1300 genetic effects. Based on a first gener-
ation effect's it can be calculated that there will be 
158 000 to 2 260 000 genetic effects to the whole U.S. 
population over a 70-year period based on a continuous 
exposure of 1 rem per year. 

In risk assessments in which a radiation risk is 
compared to that from the natural radiation background, 
the following question needs to be answered: Which variable 
associated with natural background should be used to deter-
mine "acceptable risk?" Since natural radiation has always 
been present, a plausible argument is to assume that the 
risks associated with the average natural radiation dose 
represent an "acceptable risk " 

Other suggestions are to use the spread or some 
other measure of variability. The data on natural radiation 
has been reported as a mean for each State or Territory[10] 
The average natural radiation dose is 130 mrem[10]. As 
previously noted- 1 180 cancer deaths per year are associated 
with a continuous annual dose of 100 mrem. Hence, at the 
average natural background level the corresponding deaths 
number 1 530 per year or 107 000 over 70 years. 

The standard error of the mean is an appropriate 
measure of variations about a series of means. As used 
here, this statistic for natural radiation is a measure 
of the variability of scatter of the average doses of 
natural radioactivity among the States. Two standard 
errors of the mean, equivalent to 8.5 mrem/year or 6.5 
percent of the average natural radiation dose, is employed 
in this analysis as the point of comparison for determining 
acceptable risk. This is equivalent to 7 000 deaths over a 
70-year period. 

From the estimate of genetic effects due to continuous 
exposure at the average natural background level in the 
U.S. an estimated 20 500 to 290 000 genetic effects over a 
70-year period would occur. At two standard errors of the 
mean of natural background this is equivalent to 1 300 to 
19 000 genetic effects per 70 years. 

IV. COMPARISON OF RISKS 

The results of a comparative analysis between 2 S.E.M.2 
of natural radiation and possible numerical PAG limits 

2 S.E.M. = Standard error of the mean. 
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TABLE III. COMPARISON OF RISKS 

Dose commitment 
source 

Population group 70-year risk Whole-body dose 
to produce 
equal effect 

Natural background Whole U.S. 
population 

7000 deaths 
per 2 S.E.M. 
natural background 

1 3 0 0 - 1 9 0 0 0 
genetic effects 
2 S.E.M. 
natural background 

8.5 mrem 
annually 

Preventive PAG Whole population 14 000 deaths 
per rem 

11 0 0 0 - 1 8 000 
genetic effects 
per rem 

0.47 rem 
single exposure 

0 . 0 7 - 1 . 7 3 rem 
single exposure 

Emergency PAG Max. pop. 
within 25 miles 
of reactor 

1000 deaths 
per rem 

8 0 0 - 1 3 0 0 
genetic effects 
per rem 

7 rem 
single exposure 

1 - 2 4 rem 
single exposure 

appear in Table III. The source of the dose commitment 
appears in the first column. The population group at 
risk is noted in the second column of the table. The 
70 —year risk from 2 S.E.M. of the natural radiation back-
ground or per rem is given in the next column. The last 
column shows whole body doses having risks equivalent 
to 2 S.E.M. of the natural radiation dose. 

For the Preventive PAG, which assumes an accidental 
involvement of the whole U.S. population, a dose 
commitment of approximately 0.47 rem to the whole body 
has a risk of death from cancer equivalent to the 
variability in natural radiation. In the case of the 
Emergency PAG, it is reasonable to expect a smaller popu-
lation would be affected and the value 15 million has been 
assumed, this being the estimated maximum population within 
25 miles of present reactor sites. This assumption yields a 
value for the Emergency PAG of 7 rem whole body as being an 
acceptable risk. 
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The procedures for estimating genetic risks are less 
precise than those for somatic risks, and it is there-
fore necessary to give a range for the genetic dose that is 
considered equivalent to the risk of two standard errors 
of the mean for natural radiation. The range of genetic 
dose values is 0.07 to 1.73 rem for the preventive PAG and 
to 24 rem for the Emergency PAG. 

The above values reached by comparison with 2 S.E.M. 
of the natural radiation environment are conservative 
when compared to similar evaluations based on the risk of 
other common hazards accepted by society. Furthermore, they 
are substantiated by cost-benefit and cost-effectiveness 
analyses [5]. 

These dose commitments are most appropriately applied 
to whole-body radiation exposure, or exposure of a single 
organ, with the exception of the thyroid gland. Single 
organ and whole-body exposure are taken to be equivalent 
since, if exposure of one organ occurs, multiple organ 
exposure is likely. Therefore, the most prudent course is 
to compare the radiosensitivity of the thyroid gland to that 
of the most radiosensitive organ (i.e., the bone marrow) in 
estimating equivalent PAG levels for the thyroid gland. 
Based on this premise, the dose commitment to the thyroid 
gland is three times the above, or 1.41 and 21 rem respec-
tively for the Preventive and Emergency PAG's, its sensi-
tivity being 1/3 that of the active bone marrow[7]. 

From the above discussion, the proposed numerical 
limits for the PREVENTIVE PAG is 0.5 rem dose commit-
ment for the whole body, bone marrow and other organs 
and 1.5 rem for the thyroid gland. The corresponding 
EMERGENCY PAG would be 7 rem for the whole body, bone 
marrow and other organs and 21 rem for the thyroid. 

For the sake of simplicity this limit was set at 5 rem 
and 15 rem respectively, thus representing a factor of 
10 over the PREVENTIVE PAG. Based on the above assess-
ment and discussion the proposed PAG's are: 

Dose Commitment (rem) 

PREVENTIVE EMERGENCY 

Whole body, 
bone marrow and 
other body 
organs 

0.5 5 

Thyroid 1.5 15 
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V. SUMMARY 

This paper briefly describes a method for the evalua-
tion of Protective Action Guidance (PAG's) based on a 
determination of "acceptable risk " . To provide a basis 
for this judgment the risk of death from cancer due to 
radiation exposure was compared to the risk of common 
hazards accepted by society and to the geographic vari-
ability of the natural radiation environment. 

PAG's are defined in terms of dose commitments to 
individuals in the general population warranting action. In 
the PAG's recommended by the Food and Drug Administration 
two levels of action are proposed; 1) a Preventive PAG and, 
2) an Emergency PAG. 

Only PAG limits based on a comparison with the vari-
ability in the natural radiation environment are dis-
cussed in this paper. This comparison yielded the most 
conservative limits. 

For the Preventive PAG the estimation of limits assumes 
a dose commitment to the whole U.S. population that is 
associated with the somatic risk equivalent to 2 S.E.M. 
of the natural radiation environment (8.5 millirem per 
year). This statistic is a measure of the variability 
or scatter of the average doses of natural radioactivity 
among the states. At the Preventive PAG the dose commit-
ments equivalent in risk to 2 S.E.M. of the natural radi-
ation dose are approximately 0.47 rem to the whole body, 
bone marrow, or other organs, and 1.4 rem to the thyroid. 

In the case of the Emergency PAG, it is reasonable to 
expect a smaller population within 25 miles of present 
reactor sites. These population assumptions yield values 
for the Emergency PAG of 7 rem whole body, bone marrow and 
other organs, and 21 rem thyroid. These values being of 
equivalent risk to 2 S.E.M. of the natural radiation dose. 

The procedures for estimating genetic risks are less 
precise than those for somatic risks, and it is there-
fore necessary to give a range for the genetic dose that is 
considered equivalent to the risk of 2 S.E.M. for natural 
radiation. The range of genetic dose values is 0.07 to 1.73 
rem for the Preventive PAG and 1 to 24 rem for the Emergency 
PAG. 
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DISCUSSION 

on papers SR-36/23, SR-36/21 and SR-36/24 

L.G. BENGTSSON: Dr. Dobson, the work carried out by Mary Meyer 
and her colleagues at Baltimore was effectively an epidemiological test of your 
speculations about human oocyte damage. Studies were made on 1500 daughters 
of mothers who had been exposed during pregnancy to diagnostic X-rays, mostly 
in the third trimester. The results indicate that the daughters have more pregnancies 
early in life, possibly fewer pregnancies over the full life-span, greater menstrual 
disorders and so on. I would like to ask two questions. Firstly, have you any 
recent information on the Baltimore studies? Secondly, could you suggest what 
the possible impact of oocyte effects might be if they did occur in women? 

R.L. DOBSON: In my opinion there has been no clear evidence, either 
clinical or experimental, that high oocyte radiosensitivity occurs in the human 
foetus. It may exist, however, and not be easily demonstrable with acute 
irradiation. In the paper I have proposed a possible explanation for the apparently 
conflicting results reported for primates. This explanation is speculative, however, 
and we are still intensively studying this whole important question. 

With regard to the impact on women of a high oocyte radiosensitivity such 
as we have demonstrated in the South American squirrel monkey, premature 
menopause is one possible effect that might be expected. Decreased fertility 
would probably be less noticeable. In mice, for which we have some results, 
interference with reproductive capacity is much less obvious than germ-cell 
deficiency, apparently because of compensatory factors in the reproductive 
physiology. 

G. PAIČ: Do you intend to carry out or have you already carried out 
experiments similar to the tritium studies but using neutron sources? 

R.L. DOBSON: It is interesting that you ask this question. We have just 
recently initiated studies on the effects of neutron irradiation on mouse Oocytes. 
Initial results have been obtained with 15-MeV particles. The effects appear 
to be similar to those for gamma irradiation. We shall now be giving special 
attention to low-level exposure involving lower-energy neutrons. 

G. PAIČ: I also have a comment on Dr. Adler's paper. When the natural-
background equivalent dose is used to set limits on man-made radiation, it has 
to be remembered that the two kinds of exposure involve very different energies, 
types of radiation and pathways. If we are going to be able to make a comparison, 
we therefore need more information about radiobiological effects. 

H.I. ADLER: The system we propose should, of course, be modified by 
any specific radiobiological information that becomes available. Our procedure 
is intended to be used when such information does not exist. 

6 2 5 
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D. BENINSON: Dr. Adler, in your approach, you use the variation of the 
external exposure to natural sources. Problems might occur if this approach 
were applied in certain countries (Sweden, for example) to the internal exposure 
to natural sources. Radon-daughter exposures in houses vary from very low 
levels to values exceeding the occupational standards for uranium mines. Your 
method would therefore lead to a standard for the public of the same order as 
that in uranium mines. 

H.I. ADLER: I would not normally consider the dose received from 
exposure in houses as part of the "natural background". However, if one did 
include it, the result you suggest may very well apply. 

W.R. BUSH: In Canada, we have had mixed success in applying the 
background approach to setting standards. We believe that any comparison should 
be based on the local background and preferably the same contaminant. In the 
town of Port Hope, which was contaminated with waste from a demolished 
radium refinery, the clean-up standard was based on comparison with radon levels 
measured in houses in a neighbouring town. This approach was also tried in 
uranium mining towns but failed because the local background could not be 
determined, having been altered by road and house building. In this case we 
finally derived a clean-up standard (0.02 WL annual average) from one tenth of 
4 WLM. This approach would not have been politically acceptable for Port Hope, 
where it was reasoned that the town should be returned to its natural state with 
regard to radon levels. It should be recognized that political decisions are not 
necessarily cost-effective. 

H.I. ADLER: I agree that if at all possible one should use the component 
of the natural background which is identical to that for which the standard is 
being considered. I do not agree, however, that the local natural background 
should be the basis for comparison. Our approach stresses the importance of 
using the largest population for which data are available. We also emphasize 
that the natural background must be one that has existed for many generations. 
If these criteria and the others discussed in our paper cannot be met, the natural-
background standard,deviation approach should not be used. In such cases, 
our second approach (which uses the natural background in a less direct way) 
may be applicable. 

B. SHLEIEN: May I say here that the natural radiation background dose 
data we used included the internal component. However, I feel that comparison 
with the variability of the natural radiation dose is best employed when large 
population groups are considered or when national standards are being set. I do 
not recommend its use for very limited populations. 

F.D. SOWBY: It just so happens that the average level of the natural-
background radiation provides criteria that agree with standards based on absolute 
values of risk. If the natural-background levels were much higher or much lower, 
it is doubtful if they would provide any useful comparative basis in the setting 
of dose limits for the public. 
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В. SHLEIEN: I do not agree. The natural radiation background does exist 
and so it can be used as a means of judging acceptable risk. In a similar way, 
the metal industry does exist and hence the ICRP has made use of the figures 
for its average occupational risk. 

B. LINDELL: I must say that I agree with Dr. Sowby. The natural background 
is not necessarily acceptable; in fact we do a lot in some countries to try and 
reduce doses from, for example, radon. The ALARA principle applies to natural 
sources of radiation as well. 

However, I also agree with some of the proposals to use the natural background 
as a reference to indicate to an individual the significance of an increment in dose. 
In the individual-related assessment, the comparison with the natural background 
may indicate that a certain dose increment cannot significantly alter the overall 
risk situation. The comparison, however, says nothing about the justification 
of the dose increment and therefore gives no guidance in the source-related 
assessment. The source would be no more or less justified if the natural background 
could be eliminated. A source must be justified on its own merits. 

H.I. ADLER: The natural-background approach is only proposed for those 
situations in which the total range of the background does not cause health 
effects in humans. If, as may be the case for radon, there is reason to suspect 
that naturally occurring levels are harmful, then this approach should not be used. 

H.P. JAMMET: I think that the establishment of dose limits and the 
justification of these limits can be based on a number of comparative methods. 
Publication 26 puts the emphasis on comparison of the risks associated with 
exposure levels corresponding to the dose limits with other occupational or 
public risks. However, the comparison of these exposure levels with those of 
natural radiation is not without interest and is easier to interpret because 
fewer questionable hypotheses are involved. 

G.H. COPPEE: I would like to say that the industrial risks to which 
Dr. Lindell and Dr. Sowby referred are observed, not accepted risks. It is 
impossible to get away from the principle that every occupational risk should be 
eliminated. That is an absolute objective and though we must recognize that 
it can only be achieved in stages, this is no reason for abandoning it. 

To exaggerate the value of the type of comparison that has been discussed 
reveals an ignorance about the way in which the statistics are compiled. The 
comparison proposed by ICRP is just one of the criteria for the acceptability 
of dose limits, which should be based on health considerations. It must in no 
way be used to obscure the basic principle of prevention, that is to say the 
elimination of all occupational risks. 
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Abstract 

A CONSIDERATION OF THE WIDER IMPACT OF PRESENT TRENDS IN RADIATION 
PROTECTION SYSTEMS. 

It is argued that the radiation protection system provided by ICRP-26, while an 
admirable scientific hypothesis, has serious shortcomings as an effective regulatory document. 
Particularly vulnerable to attack is the emphasis on our ability to estimate health risks asso-
ciated with established exposure limits, and our ability to interpret these risks in terms of 
what society considers acceptable. The emphasis on intake limits rather than deposition 
limits for internally deposited radionuclides, and the complexity of the dosimetric approach 
in deriving these Hmits, are also critized. It is recommended that national or international 
bodies employing these recommendations should provide more extensive justification of the 
limits, based on considerations other than health risk estimates, and that derived limits should 
be included that will enhance the practical applicability of the system. 

The establ ishment of exposure l i m i t s and t h e i r embodiment 
in an e f f e c t i v e r a d i a t i o n p ro tec t i on system i s a d i f f i c u l t 
s c i e n t i f i c problem, but i t presents other problems, n o n s c i e n t i f i c 
in na tu re , t h a t are perhaps more d i f f i c u l t . I have no c r i t i c i s m 
of the science in ICRP-26 [ 1 ] . I am c r i t i c a l , however, of 
the "system" es tab l i shed f o r the app l i ca t i on o f tha t sc ience, 
and, in p a r t i c u l a r , c r i t i c a l o f the manner of presentat ion o f 
t h i s system, which I f ee l makes i t unnecessar i ly vu lnerab le 
to a t t ack . 

As one long involved w i th i n t e rna l emi t te r standards, as 
a member of ICRP Committee 2 and of NCRP Committee 57, I am 
most d i r e c t l y acquainted w i th the problems r e l a t i n g to 
con t ro l o f exposure to rad ionuc l i des , and I w i l l speak, 
l a t e r , s p e c i f i c a l l y to t ha t po in t . But my greater concern i s 
f o r the ove ra l l problem of j u s t i f y i n g t h i s system to those 
who must use i t to p ro tec t o the rs , and to those who must 
t r u s t i t to p ro tec t themselves--a system tha t f o r a l l i t s 
complexi ty and mathematical r i g o r i s , i n many c r i t i c a l areas, 
inadequately supported by present knowledge. I th ink we have 
the knowledge requ i red to p ro tec t the worker and the pub l ic 
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from the damaging e f fec ts of r ad ia t i on ; but that knowledge is 
embodied in the experience gained over ha l f a century, and is 
not l im i t ed to new methods of est imating r i s k , of r e l a t i ng 
these r i sks to what the publ ic considers acceptable, and of 
balancing them against costs and benef i ts . These new techniques 
are use fu l , they should be fu r ther explored, but I question 
t h e i r a b i l i t y to support a rad ia t ion protect ion system. I f 
made the p r inc ipa l support for such a system, they w i l l 
expose that system to j u s t i f i e d at tack. I bel ieve there are 
bet ter ways of supporting the system--perhaps less s c i e n t i f i c a l l y 
e legant , but e f f ec t i ve and defensible. 

I would now. l i k e to be more spec i f i c . I would l i k e to 
consider the concept of r i s k , and why I bel ieve i t is an 
inadequate basis fo r a rad ia t ion protect ion system. 

I would l i k e to consider the "accep tab i l i t y " of r i s k and 
point out the i l l u s o r y nature of t h i s concept, which could 
eas i ly t rap us in to evading a l l r e s p o n s i b i l i t y fo r "pro tec t ion" 
in the humanitarian sense of that term. 

I would l i k e to consider benef i ts and costs , and question 
whether any e f f e c t i v e considerat ion has been given to these 
in r e l a t i o n to r i s k or whether, indeed, i t i s r e a l i s t i c a l l y 
possible to do so. 

I would l i k e to look at these problems from the viewpoint 
of a person or group in ten t upon d i sc red i t i ng the system. 
Like i t or no t , we operate in an adversary arena and I th ink 
i t is by now c lear that at least an important segment of 
those who w i l l at tack a rad ia t ion protect ion system is 
i n ten t upon i t s dest ruct ion and not i t s improvement. I t is 
not enough to be conf ident that our system w i l l protect 
people from exposure to rad ia t i on ; we must also consider our 
a b i l i t y to protect the system, not only on s c i e n t i f i c grounds, 
but more c r i t i c a l l y in the very unsc ien t i f i c arena of adversary 
pol i t i c s . 

I am sympathetic to the argument that sc ien t i s t s should 
s t i c k to t h e i r science and leave p o l i t i c s to the p o l i t i c i a n s . 
The legal establishment and enforcement of regulat ions 
c o n t r o l l i n g rad ia t i on exposure is a p o l i t i c a l problem that we 
should reasonably expect p o l i t i c i a n s to handle. But we 
cannot evade our r e s p o n s i b i l i t y , as s c i e n t i s t s , to present 
our science in such a manner as to make t h e i r job as easy as 
possible. 

On the Subject of Risk: No one can question the centra l 
importance of the concept of r i s k to any system which purports 
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to protect people against harm. I t does not f o l l ow , however, 
t ha t t h i s r i s k must be quan t i f i ed and tha t p ro tec t ive measures 
must be derived as a precise funct ion of tha t quan t i f i ed 
r i s k . Even where r i sks can be reasonably quant i f ied—as fo r 
example, the r i s k of t r a f f i c deaths--we do not f i n d tha t 
speed l i m i t s , or numbers of t r a f f i c patrolmen assigned, are 
derived e x p l i c i t l y from these r i s k numbers. The less f a m i l i a r 
the r i s k , and the greater the uncer ta inty in i t s es t imat ion, 
the more dangerous i t becomes to anchor a protect ion system 
to the q u a n t i f i c a t i o n of such r i s k s . Such a system is as 
vulnerable to at tack as the r i s k estimates on which i t is 
based. I bel ieve that most of us wi th experience in the 
f i e l d of rad ia t i on protect ion are more convinced of the 
v a l i d i t y of our rad ia t i on protect ion standards than we are of 
the v a l i d i t y o f our r i s k estimates. I f t h i s is the case, we 
do a d isserv ice to our rad ia t i on protect ion system i f we t i e 
i t to r i s k est imates. 

In a more phi losophical ve in , I th ink we must also 
question whether the " r i s k " we estimate in terms of fu tu re 
cancer deaths and genetic e f fec ts is the r i s k that should 
command our sole a t ten t ion as regu la tors . This point has 
been made by Margaret Maxey and I can do no bet ter than 
repeat her recent remarks [ 2 ] . 

"There are i l l - cons ide red and needless problems that 
have resu l ted from l i m i t i n g the concept of r i s k to 
negative consequences of human a c t i v i t i e s . This 
exclusive focus misrepresents the fundamental f ac t tha t 
a l l human a c t i v i t y en ta i l s r i s k - t a k i n g , and i t s primary 
mot ivat ing force is the foreseen and intended benef i t 
t ha t can be gained or l os t by the a c t i v i t y . In any 
concrete s i t u a t i o n , what i s ac tua l l y at r i sk is the 
benef i t to be gained or l o s t . I f r i s k assessment is to 
r e f l e c t real cond i t ions , i t ought to be p r imar i l y *a 
measure of the p robab i l i t y of benef i t acquired or 
foregone, and only secondari ly a measure of the unwanted 
and unintended harm en ta i l ed . " 

On the Subject of Acceptable Risk: The c u r r e n t t r e n d i n 
rad ia t i on pro tec t ion is to t rans la te r i s k informat ion in to 
exposure l i m i t s through employment of the concept of "accept-
able" r i s k . To my mind, t h i s concept is one born of the 
sc ient is t ' s need to per fect his system, and bears l i t t l e 
re la t i onsh ip to any rea l -wor ld human perception. I can th ink 
of few instances where people "accept" r i sks in a sense that 
could be considered per t inent to the establishment of exposure 
l i m i t s . I do not "accept" the r i s k of a i r t rave l when I f l y 
to t h i s meeting. I f l y to t h i s meeting because of the 
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advantages I perceive in th i s mode of t ranspor ta t ion . And, 
I t r u s t tha t those who regulate the a i r l i n e s do not relax 
t h e i r v ig i lance because I am w i l l i n g to f l y . For the most 
pa r t , however, I have no real choice about accepting the 
mul t i tudinous r i sks of our complex society . To say that I 
accept them because I do not rebel against them is a comment-
ary on my lack of freedom, but scarcely a proper basis fo r 
imposing fu r the r r isks upon me. 

Even were i t possible to evaluate popular accep tab i l i t y , 
i s t h i s a proper basis fo r standard-sett ing? Have we no more 
r e s p o n s i b i l i t y than to gauge the temper of society and give 
people what they w i l l put up with? I am impressed wi th the 
f a c t tha t you can fool a l l of the people some of the t ime, 
and some of the people a l l of the t ime, and an increasing 
segment of our society is employed in the profession of 
f oo l i ng people. Because we understand rad ia t ion hazards to a 
degree that society does not, i t is our r e s p o n s i b i l i t y , I 
be l ieve , to protect society from i t s own lack of understandinq--
whether t h i s lack of understanding would lead people to "accept" 
unconscionable r i s k s , or whether i t would lead them to forego 
benef i ts because of unreasoning fear of exaggerated r i sks . 

I must confess to some discomfort wi th t h i s pos i t ion . 
I d i s l i k e protect ing people against t he i r w i l l . But i s n ' t 
t ha t what the regulatory process amounts to? And doesn't 
tha t i nva l ida te the concept of acceptable r i s k as a basis fo r 
any regulatory action? 

On the Subject of Benefits and Costs: ICRP-26 has 
l i t t l e to say about benef i ts in r e l a t i on to the se t t ing of 
basic l i m i t s . The quotat ion from Margaret Maxey was pe r t i nen t l y 
c r i t i c a l of tha t neglect of benef i t foregone as a part of a 
reasonable r i s k approach. ICRP-26 is concerned wi th bene f i t , 
p r imar i l y as a fac to r to be weighed against cost in the 
operat ional opt imizat ion of exposure r e s t r i c t i o n . I t is not 
c lear that even th i s l im i t ed app l ica t ion of benef i t vs. cost 
can proceed according to any log ica l and mathematical process. 
Opt imizat ion is an elegant concept but i t would seem to 
operate only through a series of essen t ia l l y a r b i t r a r y 
assumptions. My fear is that i t w i l l lead to unreasonable 
expectations of precis ion on the part of those who do not 
understand the p rac t i ca l operat ional problems, and that i t 
w i l l enhance the v u l n e r a b i l i t y of those who must somehow 
give the appearance of operating according to these procedures. 

On the Specific Subject of Internal Emitters: The 
problems of c o n t r o l l i n g occupational exposure to i n t e r n a l l y 
deposited radionucl ides are rather fundamentally d i f f e r e n t 
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from problems of external exposure. External exposure rates 
are, fo r the most pa r t , eas i l y measured, and i t is common to 
plan exposures. In terna l exposures, on the other hand, are 
seldom planned--they occur usual ly as the resu l t of inf requent 
accidents — and the p r a c t i c a l l y measurable quant i ty is the 
amount of radionucl ide deposited, hardly ever the rate of 
intake. The new ICRP system, which emphasizes Annual L imi t 
on In take, is therefore less d i r e c t l y appl icable to in te rna l 
emi t ter contro l than the old system, which emphasized per-
miss ib le body burden. This may seem a small matter . Any 
competent Health Phys ic is t can ca lcu la te the body burden, or 
organ burden, equivalent to the Annual L imi t on Intake; but 
because ICRP has not ca lcu lated th i s number, i t w i l l not have 
the standing of an " o f f i c i a l " number. This may be espec ia l l y 
troublesome fo r the case of radionucl ides reta ined fo r long 
periods in the body. I t may be very d i f f i c u l t to explain to 
a workman tha t though he has received several times the 
Annual L im i t on Intake, the rad ia t ion dose he is receiv ing is 
s t i l l f a r below the "acceptable" l e v e l . 

Consider the worker acc iden ta l l y exposed to plutonium, 
who receives 5 or 10 times the Annual L imi t on Intake. Is 
t h i s worker overexposed or is he not? And how should th i s 
a f f e c t his fu tu re work options? There are reasonable answers 
to these questions under e i the r system, but I submit that the 
new system w i l l make i t more d i f f i c u l t to a r r i ve a t , to 
exp la in , and to defend, these reasonable answers. 

I am also concerned that the sheer complexity of the 
systematic weighted organ dose approach to the der iva t ion of 
in te rna l emi t ter l i m i t s w i l l focus a t ten t ion on what we don ' t 
know, ra ther than on what we do know. This i s , of course, 
not a s c i e n t i f i c a l l y va l i d ob jec t ion ; as sc i en t i s t s we should 
focus our a t ten t ion on what we don ' t know. But i f our 
ob jec t ive is to protect people, and i f we know that a ce r ta in 
approach to t h i s pro tect ion e f f o r t w i l l make i t more d i f f i c u l t 
to accomplish that ob jec t i ve , must we adopt t h i s more d i f f i c u l t 
approach so le ly on the basis of i t s s c i e n t i f i c elegance? 

I t h ink that because of our experience wi th the e f fec ts 
of radium-226 in people we have good reason fo r confidence in 
the 0.1 yCi permissible body burden fo r that isotope. Why 
then should we ca lcu la te a rad ia t ion dose from radium-226, 
using methods in which we have imperfect confidence, based on 
an imperfect knowledge of the d i s t r i b u t i o n and re tent ion of 
radium in the body, and in bone--a dose to a cer ta in group of 
ce l l s whose locat ion we a r e n ' t qu i te sure o f , and whose 
re la t i onsh ip to bone cancer development is s t i l l a matter of 
some dispute--and re l a te t h i s dose to a r i s k , derived la rge ly 
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from data on external exposure--and compare th i s r i sk to a 
hypo the t i ca l l y acceptable r i sk in non-nuclear, safe indust r ies? 
I th ink we would accept such an uncertain and c i rcu i tous 
approach only because i t gives the same answer as the one we 
have been l i v i n g w i th , happi ly , f o r these many years. And I 
th ink there is an element of hypocrisy in t h i s pos i t ion that 
w i l l not be overlooked by those in ten t upon d i sc red i t i ng the 
system. 

I t should by now be clear tha t I would have preferred a 
somewhat d i f f e r e n t rad ia t ion protect ion system than that 
provided in ICRP,-26. I t i s also clear that changes in the 
ICRP pos i t ion are nei ther l i k e l y , nor would they be helpfu l 
a t t h i s stage. But the s i t ua t i on is by no means i r r e t r i e v -
able. I t is the express pos i t ion of ICRP that "deta i led 
guidance on the app l ica t ion of i t s recommendations...should 
be elaborated by the various in te rnat iona l and nat ional 
bodies" [ 1 ] . I bel ieve that bodies such as the IAEA and, in 
my country, the NCRP might well accept the ICRP numbers; but 
they should j u s t i f y these numbers on grounds other than those 
stressed by the ICRP. 

I would suggest tha t such j u s t i f i c a t i o n s should be 
c l e a r l y separate from the regulat ions themselves-- in appendices 
or separate documents. The regulat ions should be unclut tered 
wi th theory; they should be unambiguous and should be expanded 
t o include opera t iona l l y useful derived l i m i t s , such as, fo r 
example, radionucl ide body and organ burdens corresponding to 
the rad ia t i on dose l i m i t s . J u s t i f i c a t i o n should give 
approximately equal prominence to at least four major arguments. 

My f i r s t j u s t i f i c a t i o n would be in terms of the s c i e n t i f i c 
knowledge and p rac t i ca l experience of the experts responsible 
fo r these regu la t ions. This may seem old-fashioned and 
unacceptable in these argumentative times. However, i t i s my 
perception tha t an increasing number of thoughtfu l c i t i z e n r y 
are more w i l l i n g to t r u s t people than to t r u s t arguments, in 
areas where they lack the knowledge to tes t those arguments. 
They have been subjected to too many fa lse arguments. I t 
fo l lows as a co ro l l a r y to t h i s j u s t i f i c a t i o n that those of us 
involved in rad ia t ion protect ion must be scrupulously carefu l 
t o earn and maintain such t r u s t . 

My second j u s t i f i c a t i o n would be in terms of past 
operat ional experience wi th s im i la r rad ia t ion protect ion 
systems. We have an enviable record, one which is wel l 
documented, and one which provides dramatic comparisons wi th 
past excesses in the rad ia t ion f i e l d and current excesses in 
other f i e l d s . 
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The previous two j u s t i f i c a t i o n s were essen t i a l l y non-
s c i e n t i f i c . I would res t my p r inc ipa l s c i e n t i f i c j u s t i f i c a t i o n 
on a comparison wi th va r ia t ions in natural rad ia t i on background, 
along the l ines most recent ly proposed by Adler and Weinberg [ 3 ] . 
This argument i s convincing to me, and has the advantage of 
being eas i l y comprehended by persons unfami l ia r wi th such 
esoter ic concepts as the l i n e a r i t y or non-1 inear i ty of dose-
response curves. 

As a fou r th j u s t i f i c a t i o n I would present the informat ion 
we have on estimated health r i sks associated wi th our recommended 
exposure l i m i t s . I would stress the spec i f i c ava i lab le data 
t ha t are appl icable to spec i f i c e f fec ts and to spec i f i c forms 
of exposure, rather than an ext rapolated, al 1-embracing 
system. I would use the data to support the l i m i t s , rather 
than to der ive the l i m i t s ; even though, in f a c t , the s c i e n t i s t 
may be more comfortable der iv ing his numbers from such a 
t h e o r e t i c a l l y based system than from apparently a r b i t r a r y 
judgements. 

I have not c r i t i c i z e d ICRP numbers--only the words that 
surround them; and i t may seem to many of you that t h i s is a 
r e l a t i v e l y unimportant matter . In case there is any doubt, I 
consider the words to be more important than the numbers. I 
have no serious doubts about the adequacy of our numbers to 
pro tect people against rad iat ion- induced cancer and genetic 
e f f e c t s . But we have not sold tha t confidence to those we 
seek to p ro tec t . We have done a poor job of pro tec t ing 
people against the psychological trauma of rad ia t i on hys te r ia , 
which I am convinced i s a more serious rad io log ica l health 
problem than cancer or gene mutat ion. We have a correspondingly 
poor record o f preserving fo r society the benef i ts that could 
have derived from a more order ly development of nuclear 
power. The blame fo r these shortcomings does not res t so le ly 
on us as rad io log ica l p r o t e c t i o n i s t s ; but we have contr ibuted 
to the problems. These are t r a n s - s c i e n t i f i c problems, but 
tha t does not j u s t i f y us, as s c i e n t i s t s , in ignor ing them. 
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DISCUSSION 

J. VENNART: I agree with you that when we have direct evidence of effects 
in humans from radioactive materials (such as is the case with radium), we should 
use that evidence in preference to predictive estimates of risk. Unfortunately, 
we have very few such data; radium is the exception. The main problem is to 
find acceptable levels of intake for other important radionuclides and it is for 
this reason that it is necessary to have a system for estimating ALIs, such as 
that developed by Committee 2 of ICRP. 

R.C. THOMPSON: I agree that a calculational system is certainly useful, 
but we do have a great deal of experimental animal data on radionuclides which 
help us to decide whether we should believe the results of these calculations. 
I think we should use every bit of information bearing on a given radionuclide 
and not select only that which fits our established model. 

W.R. BUSH: I wish to defend the ICRP approach from the point of view 
of one who has to translate its recommendations into national regulations (and 
who has not been involved in the ICRP deliberations). The justifiable risk approach 
given to us by the ICRP provides a rationale which is extremely helpful in 
defending our dose limits. If the rationale is difficult to explain to workers, 
I take this as a challenge to be met rather than a reason for rejecting the method. 

I believe a regulatory body should try to assess the wishes of society and 
to regulate accordingly. It would be just as irresponsible to set limits too low as 
to set them too high. 

With regard to the background approach to the establishment of limits, 
it seems to me that one of the problems was well illustrated by papers SR-36/21 
and 24. Dr. Adler derived a value of 20 mrem per year whereas Dr. Shleien 
found 8.5 mrem per year, both using the same general approach. 

R.C. THOMPSON: We should certainly try to respond to the wishes of 
society, but this is not an easy or straightforward process. We must try to 
differentiate the true wishes from the most vocalized ones and we must recognize 
that for many technical issues, society simply does not have the knowledge to 
come to an informed position. 

Your concern about an approximately two-fold difference in the limits 
suggested by Dr. Adler and Dr. Shleien illustrates for me what I think is our 
excessive concentration on mathematical niceties. Do we really know enough 
about low-level radiation exposure risks to justify a distinction between values 
differing by a factor of two? 

A.B. DORY: The idea of using a positive approach to the justification of 
limits is very refreshing. Justification on the basis of "acceptable risks" always 
raises the question "acceptable to whom"? Moreover, human beings have 
different attitudes towards voluntary and involuntary risks. A method of 
justification based on benefits should therefore be given serious consideration. 
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G. COWPER: In considering the possibility of using the magnitude of the 
fluctuation in natural background as a basis for an acceptable exposure, it may 
be useful to bear in mind previous experience in the fluoridation of water for 
the protection of teeth. It was found difficult to introduce increases in the 
fluorine concentration within the range of natural variations in many places 
simply because some objectors pointed out that high concentrations of fluorine 
in water were poisonous. The fact that low concentrations were known to be 
beneficial was not sufficient to gain acceptance for the procedure. 

J.C. ZERBIB: You mentioned that the risk resulting from internal 
contamination by radium-226 is well known. However, the greatest risk nowadays 
comes from plutonium. Professor Karl Morgan has suggested a reduction by a 
factor of 240 in the existing limits. Mays and others propose an average reduction 
by a factor of 10. I would like to ask what kind of reduction you, as a member 
of ICRP Committee 2, would suggest. 

R.C. THOMPSON: The new ICRP limits for plutonium were derived in 
accordance with the procedures defined in ICRP-26, by means of the weighted 
organ dose approach. They do not vary greatly from the previous limits. 
Perhaps Dr. Vennart recalls the precise numbers? 

J. VENNART: Yes, for soluble 239Pu, the ALI by inhalation is about 
200 Bq, and for insoluble 239Pu it is 500 Bq. 
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RADIATION RISK ASSESSMENT 

Panel Members 

H.I. ADLER, USA 
Z.N. BEEKMAN, Netherlands 
Z. DJUKIC, Yugoslavia 
G.W. DOLPHIN, UK 
E.E. POCHIN, UK (Moderator) 
J.M. PRADEL, France 
L.B. SZTANYIK, Hungary 

In the course of this session, a useful discussion developed on the assessment 
of risk from radon inhalation. It was considered to be important that such an 
assessment should be established on a reliable basis, not only in view of the 
occupational exposures in uranium and other mines, but also because of the 
relatively high radon levels that might occur in dwelling houses in rooms in which 
the ventilation rate was low, for example during winter in cold climates. 

The epidemiological evidence linking lung cancer rates and radon levels in 
mines was reasonably consistent, and the estimated risk rates per working level 
month (WLM) of exposure differed only by factors of about two in a number 
of different mining communities. Moreover, the likely differences in absorbed 
dose for different "target" tissues within lung did not differ by any larger factor. 

It was clear, however, that a number of complicating factors in the mines 
might also be affecting the lung cancer risk, and were not present in homes, so 
that a direct inference of risk per WLM from mining experience might be unsound; 
and there were circumstances which might cause the risk rates in mining to be 
overestimated (IAEA-SR-36/7). Meanwhile, however, the significance of radon 
levels in homes was better assessed in relation to WLM values and mining experience 
than from other evidence of cancer induction rates in lung, since these other 
sources of estimation, in ankylosing spondylitis and in survivors of atomic bombing 
in Hiroshima, were also subject to difficulties in interpretation. 

The Commission's criteria for assessing detriment were briefly discussed. 
It could be agreed that fatal malignancies and serious inherited defects were 
major stochastic effects of radiation, but omitted substantial components of 
detriment. Allowance for non-fatal malignancies and accidents, on a basis of 
length of time lost from healty life, still fails to include many factors of detriment 
such as anxiety, minor illness and loss of well-being. These include forms of harm 
or disability which are certainly of importance but for which it would be very 
difficult to suggest any quantitative assessment of general applicability. 
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In the case of a number of body organs or tissues, estimates were available 
from several different surveys or types of survey of the frequency with which 
fatal malignancies were induced by radiation. In some instances, these estimates 
differed substantially for different conditions of exposure of the same organ, or 
in different surveys. Quite commonly, however, different estimates had rather 
wide confidence limits of statistical uncertainty, but could all be consistent 
with a central value for the induction rate in the organ. 

The values of induction rate which were taken by the Commission for the 
various tissues at risk were thus central, and rounded, values — selected to be 
consistent with the more reliable epidemiological evidence. The values of the 
weighting factors for the relative risks of irradiating different organs of the body 
(in ICRP Publication 26, para. 104) were then derived by dividing a unit risk 
for whole-body radiation into the component risks of individual organ irradiations 
as estimated on this basis. For this reason, no further "rounding" of these 
fractional weighting factors was done. 

Some final discussion took place on the discrepancy between the extensive 
study and estimation of radiation risks, on the basis of detailed radiobiological 
and epidemiological investigations, and the very much less adequate evidence 
available on the estimation of corresponding risks from many chemical and other 
harmful factors in the environment. The opinion appeared to be rather widely 
held amongst participants in the discussion that risk estimation of the effects 
of other environmental agents should now be actively pursued. The developing 
quantitative studies described by the World Health Organization were welcomed. 



OPTIMIZATION OF RADIATION PROTECTION 

Panel Members 

D. BENINSON, Argentina (Moderator) 
W. HUNZINGER, Switzerland 
H.P. JAMMET, France 
W. ROWE, USA 
J. SNIHS, Sweden 

It was generally agreed that the examples of optimization presented in this 
topical seminar helped to clarify the methodology of optimizing protection, 
and that this requirement of the ICRP system of dose limitation will become 
the main criterion for decisions in radiation protection. 

The discussion centred mainly on the identification of the components of 
the radiation detriment. At the low individual doses involved, the "objective" 
detriment is composed only of stochastic health effects and is therefore 
proportional to the collective effective dose equivalent commitment. However, 
the "perceived" detriment, which would influence decisions, would include 
non-quantifiable effects, and may depend on the individual levels of risk involved 
in a given collective dose. Proposals on the application of some weighting in the 
calculation of the detriment, based on individual doses, were considered interesting 
but did not receive large support. It appeared that a possible way of taking 
account of the non-quantifiable effects would be to optimize first on the basis 
of the collective dose, and then to examine the results in the light of these other 
considerations, on a case by case basis. 

The Panel dealt with the question of intuitive optimization and quantitative 
optimization. The consensus was that optimization of protection is mainly an 
intuitive operation, the quantitative tools being an aid to the process. These 
tools are more important in optimization of design of installations and equipment, 
while the process is less quantitative in the case of optimization of operations. 

Many objections raised to the requirement of optimization were resolved 
by clearly separating justification from optimization and source-related assessments 
from individual-related assessments. 

There was some discussion on the spatial and temporal specifications of the 
collective dose (limits of integration), mainly in the case of very long-lived 
nuclides. If the protection procedures remove the nuclide from the environment 
for a given period, and it then returns to the environment, the collective dose 
for purposes of optimization should be integrated over that period (collective 
dose removed by the procedure). 
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The Panel discussed the different ways of costing, such as the crude value 
method, the present worth method and the capitalized cost method, the last 
two being generally used in cost-benefit analysis and in engineering analysis, 
respectively. Discounting future doses was discussed in detail; while some 
support was expressed for discounting within one generation, the concept 
appeared to be not acceptable when the period involved several generations. 

The value of the man rem was the subject of involved discussions. It became 
clear that the value can be different in different cases of justification, and again 
different in justification and optimization assessments. International documents 
should, therefore, give a range of values. For optimization assessments where 
parts of the collective dose occur in different countries, the principle of 
geographical equity was advocated, implying the same value for the man - rem in all. 

Some attention was paid to the relative merits of optimization and minimization. 
The consensus was that optimization, based on pre-established procedures and 
values of some parameters, resulted in more consistent decisions and more 
cost-effective protection. 



GENERAL DISCUSSION 

Panel Members 

R. ALEXANDER, USA 
C. COWPER, Canada 
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D. MECHALI, France 
Yu.V. SIVINTSEV, USSR 

B. LINDELL: Sir Edward Pochin and Dr. Beninson have given you excellent 
summaries of their panel discussions. As regards the third panel, you have all 
just listened to the discussion and since it related to a number of questions still 
hanging in the air after a full week's meeting, I shall try to review not just that 
panel, but also the seminar as a whole. 

Let me first say, since I also represent ICRP at this table, how grateful the 
Commission is for this opportunity to listen to views and criticism that will 
improve future work. It is five international organizations that stand behind this 
meeting, but of these, ICRP is in the special position of being exposed to the 
curiosity of the other four as regards what the Commission might have meant 
when they said what they said. I am therefore somewhat biased when I try to 
list what I feel have been the major results from the seminar. 

The object of the discussion, ICRP Publication 26, should not be seen as a 
document comprising all radiation protection requirements and containing all 
the answers which could be readily applied in the field. It is rather the basic 
work which will be complemented by other documents on implementation 
by the ICRP and other international bodies. 

We have heard repeatedly, during the week and in the panel discussion 
to-day, that Publication 26 was written for the legislators and rule-makers and 
not for the workers in the field. This is true and important to realize, but still 
the mere existence of the document has a great impact at all levels. It is therefore 
unfortunate and a source of confusion that we as yet have only the basic policy 
document and not the guidance on implementation. Such guidance will come, 
in due time, from a number of ICRP Committee reports now under revision to 
be consistent with Publication 26. It will also come in the International 
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Organizations' Basic Safety Standards, now being prepared. And, in particular, 
it will come from national regulations, after sufficient time has elapsed to permit 
the national authorities to digest the proposed policy. 

It is not the workers in the field or the management of various installations 
that will be requested to perform complicated optimization assessments. For 
them, common sense and the general advice that all doses should be kept as low 
as is reasonably achievable will probably be enough to improve protection 
reasonably far beyond the ambitious level set by authorized limits and require-
ments spelled out in practical terms in rules, regulations and codes of practice. 
But these authorized limits - says ICRP Publication 26 - should no longer be 
derived from the ICRP dose limits, but be set by the national authorities on the 
basis of optimization evaluations. For the worker in the field, the requirements 
should not be hidden in words, as Dr. Thompson fears, but be given in unambiguous 
requirements regarding barrier thicknesses, exposure rates (or what will come 
with the SI), release limits and authorized dose limits which may well turn out 
to be much lower than the ICRP dose limits which represent the limit of limits. 

We are somewhat wiser about this after the Seminar, partly because of a 
number of good educational papers, partly because of enlightening discussions. 
For the proper application of the ICRP recommendations, continued education 
and information dissemination is essential, at the international as well as at the 
national level. 

Being a member of ICRP, I am somewhat worried about the apparent respect 
most speakers and participants have shown the ICRP recommendations. I had 
expected and hoped to see a more respectless attitude. I now have the feeling 
that there is a lot of criticism that you have kept unspoken, whether for reasons 
of shyness or misguided respect. Let us hope that, when you return home and 
remember what you think that you should have said, you will be blunt enough 
to write it down and send your criticism to either Dr. Sowby, Dr. Jammet or 
myself. There is nothing as helpful as good, constructive criticism and you will 
help to improve future ICRP recommendations. 

We have been very pleased to see the increased co-operation between ICRP 
and ILO which has also been reflected in the active participation of workers' 
representatives in the Seminar. I hope that this close contact with those "who 
work in the field and are exposed to a substantial share of total collective dose 
will continue and be fruitful. 

We have heard about present actions of a number of national authorities and 
also of a number of points where ICRP Publication 26 has been found too 
ambiguous to give sufficient guidance. One example is the new meaning of 
the dose limits and the problems which arise before national authorities agree 
on authorized limits for a number of applications. In particular, the description 
of the dose limit to individual members of the public has been criticized as 
being obscure. 



PANEL DISCUSSION 6 4 7 

I have already mentioned the advice on optimization as one example where 
more practical guidance is needed. The discussion of the social detriment in 
addition to the health detriment has injected a number of new and valuable ideas 
and even though there are still differences in opinion, I think this will lead to 
improvement in future recommendations. 

There is some confusion because of the need to use the new quantity, the 
effective dose equivalent, both for control of doses in relation to dose limits 
and in assessment of the collective dose for purposes of justification and optimization. 
For the first purpose it seems reasonable to limit the genetic detriment component 
(and hence the gonad weighting factor Wj) to the first two generations. For the 
second purpose, however, the total detriment is needed and there is good reason 
to add the detriment to future generations. 

Practical problems have been mentioned with regard to the dose limits for 
the eyes and the skin. There was also a useful discussion of the dose equivalent 
index and alternative quantities in assessing exposures from, in particular, 
soft X-rays. 
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The following conversion table is provided for the convenience of readers and to encourage the use of S ! units. 

FACTORS FOR CONVERTING SOME ОТ THE MORE COMMON UNITS 
TO INTERNATIONAL SYSTEM OF UNITS (SI) EQUIVALENTS 

NOTES: 
(1) SI base units are the metre (m), kilogram (kg), second (s), ampere (A), kefvin (K), candefa (cd) and mole (mol). 
(2) ^ indicates SI derived units and those accepted for use with SI : 

^ indicates additional units accepted for use with SI for a limited time. 
I For further information see The International System of Units (SI), 1977 ed., published in English by HMSO, 
London, and National Bureau of'Standards, Washington, DC, and International Standards ISO-WOO and the 
several parts of ISO-31 published by ISO, Geneva. \ 

(3) The correct abbreviation for the unit in column 1 is given in column 2. 
(4) -X- indicates conversion factors given exactly; other factors are given rounded, mostly to 4 significant figures. 

= indicates a definition of an SI derived unit: [ ] in column 3+4 enclose factors given for the sake of completeness. 

Column 1 Column 2 Column 3 Column 4 

Multiply data given in: by: to obtain data in: 

Radiation units 

^ becquere l 1 B q (has d i m e n s i o n s o f s" 1 ) 
d i s i n t e g r a t i o n s per second (= d is /s) 1 s " ' = 1 .00 X 10° B q * 

> c u r i e 1 Ci = 3 . 7 0 X 1 0 1 0 B q * 
> r o e n t g e n 1 R = 2 . 5 8 X 1 0 " 1 C/kgJ * 
• g r a y 1 G y = 1 .00 X 1 0 ° J / k g ] * 
> rad 1 rad = 1 .00 X 1 0 " 2 G y * 

s iever t fradiation protection only) 1 Sv = 1 .00 X 1 0 ° J / k g ] * 
r e m (radiation protection only) 1 r e m = 1 .00 X 1 0 " 2 J / k g ] * 

Mass 

• u n i f i e d a t o m i c mass u n i t (т^ o f t h e mass o f 1 2 C) 1 u = 1 . 6 6 0 57 X 10 2 7 kg , a p p r o x 

^ t o n n e ( = m e t r i c t o n ) 1 t = 1 . 0 0 X 10 3 k g ] * 

p o u n d mass ( a v o i r d u p o i s ) 1 I b m = 4 . 5 3 6 X 1 0 " ' kg 
o u n c e mass ( a v o i r d u p o i s ) 1 o z m = 2 . 8 3 5 X 1 0 ' g 
t o n ( long) (= 2 2 4 0 I b m ) 1 t o n = 1 . 0 1 6 X 10 3 kg 

t o n ( sho r t ) (= 2 0 0 0 I b m ) 1 s h o r t t o n = 9 . 0 7 2 X 102 
kg 

Length 

s ta tu te m i l e 1 m i t e = 1 . 6 0 9 X 10° k m 

n a u t i c a l m i l e ( i n t e r n a t i o n a l ) 1 n m i l e = 1 . 8 5 2 X 1 0 ° k m * 
y a r d 1 y d = 9 . 1 4 4 X 1 0 " ' m * 

f o o t 1 f t = 3 . 0 4 8 X 1 0 " ' m * 
i n c h 1 i n = 2 . 5 4 X 1 0 ' m m * 
m i l (= 1 0 " 3 in) 1 m i l = 2 . 5 4 X 1 0 " 2 m m * 

Area 

> hec ta re 1 ha 1 .00 X 1 0 " m 2 ] * 

> ba rn (effective cross-section, nuclear physics) 1 b = 1 .00 X 1 0 " 2 a m 2 ] * 

square m i l e , ( s t a tu te m i l e ) 2 1 m i l e 2 = 2 . 5 9 0 X 1 0 ° k m 2 

acre 1 acre = 4 . 0 4 7 X 10 3 m 2 

square y a r d 1 y d 3 = 8 . 3 6 1 X 1 0 " ' m 2 

square f o o t 1 f t 2 = 9 . 2 9 0 X 1 0 " 2 m 2 

square i n c h 1 in 2 = 6 . 4 5 2 X 10 2 m m 2 

Volume 

• l i t r e 1 I or 1 I t r 1 .00 X 1 0 " 3 m 3 ] * 

c u b i c y a r d 1 y d 3 = 7 . 6 4 6 X 1 0 " ' m 3 

c u b i c f o o t 1 f t 3 = 2 . 8 3 2 X 1 0 " 2 m 3 

c u b i c i n c h 1 i n 3 = 1 . 6 3 9 X 1 0 " m m 3 

g a l l o n ( impe r i a l ) 1 gal ( U K ) = 4 . 5 4 6 X 1 0 " 3 m 3 

gallon ( U S l i q u i d ) 1 gal 1 US) = 3 . 7 8 5 X 1 0 " 3 m 3 

Velocity, acceleration 

f o o t per second (= fps) 1 f t / s = 3 . 0 4 8 X 1 0 " ' m / s * 
f o o t pe r m i n u t e 1 f t / m i n = 5 . 0 8 X 1 0 " 3 m / s * 

1 m i l e / h 
Í 4 . 4 7 0 X 1 0 " ' m / s 

m i l e pe r h o u r (= m p h ) 1 m i l e / h 
= 

| l . 6 0 9 X 1 0 " k m / h 

p> k n o t ( i n t e r n a t i o n a l ) 1 k n o t = 1 .852 X 10° k m / h * 

f ree f a l l , s tandard , g = 9 . 8 0 7 X 10° m / s 2 

f o o t per second squared 1 f t / s 2 3 . 0 4 8 X 1 0 " ' m / s 2 * 

This table has been ore oared bv E.R.A. Beck for use by the Division of Publications of the IAEA. While every effort has 
been made to ensure accuracy, the Agency cannot be held responsible for errors arising from the use of this table. 



C o l u m n 1 

Multiply data given in: 
C o l u m n 2 C o l u m n 3 

by: 
C o l u m n 4 

to obtain data in: 

Density, volumetric rate 

pound mass per cub ic inch 1 l b m / i n 3 = 2 .768 X 10" k g / m 3 

pound mass per cubic foo t 1 l b m / f t 3 = 1.602 X 101 k g / m 3 

cub ic feet per second 1 f t 3 / s = 2.832 X 10~2 m 3 / s 
cub ic feet per m i n u t e 1 f t 3 / m i n = 4 .719 X 10 " 4 m 3 / s 

Force 

^ new ton 1 N N 1.00 X 10° m - k g - s " 2 ] * 
dyne 1 d y n - 1.00 X 1 0 " s N * 
k i log ram force ( = k i l o p o n d {kp>) 1 kgf = 9.807 X 10° N 
poundal 1 pdl = 1.383 X 1 0 " ' N 
pound fo rce (avoirdupois) 1 Ibf = 4 . 4 4 8 X 10° N 
ounce force (avoirdupois) 1 ozf = 2.780 X 10 " 1 N 

Pressure, stress 

• pascal 1 Pa 1.00 X 10° N / m 2 * 
> a tmosphere a , standard 1 atm = 1.013 25 X 10s Pa * 
> bar 1 bar = 1.00 X 105 Pa * 

cent imetres of mercury (0°C) 1 cmHg = 1.333 X 103 Pa 
dyne per square cent imet re 1 d y n / c m 2 = 1.00 X 10" 1 Pa * 
feet of water (4°C) 1 f t H j O = 2.989 X 103 Pa 
inches o f mercury (0 C) 1 inHg = 3.386 X 103 Pa 
inches o f water (4°C) 1 i n H 2 0 = 2.491 X 102 Pa 
k i log ram force per square cent imet re 1 kg f / cm 2 = 9.807 X 10" Pa 
p o u n d fo rce per square f o o t 1 l b f / f t 2 = 4 . 7 8 8 X 101 Pa 
p o u n d fo rce per square inch (= psi) ^ 1 I b f / i n 2 = 6 . 8 9 5 X 103 Pa 
tor r (0°C) (= mmHg) 1 tor r = 1.333 X 102 Pa 

Energy, work, quantity of heat 

* jou le ( = W-s) 1 J N 1.00 X 10° N m ] * 

• e lec t ronvo l t 1 eV [ = 1.602 19 X 10" " J, approx. ] 
Br i t ish thermal u n i t ( In ternat iona l Table) 1 В tu = 1.055 X 103 J 

calor ie ( thermochemica l ) 1 cal = 4 .184 X 10° J * 
calor ie ( In te rna t iona l Table) 1 cal iT = 4 .187 X 10° J 
erg. 1 erg = 1.00 X K T 1 J * 
f o o t - p o u n d force 1 f t - I b f = 1.356 X 10° J 

k i l o w a t t - h o u r 1 k W h = 3 .60 X 10° J 

k i l o t o n explosive y ie ld (PME) ( s 101 2 g-cal) 1 k t y ie ld — 4.2 X 10 ' 2 J 

Power, radiant flux 

• wa t t 1 W [ = 1.00 X 10° J /s ] * 
Br i t ish thermal u n i t ( In te rna t iona l Table) per second 1 B tu /s = 1.055 X 103 W 

calor ie ( In te rna t iona l Table) per second 1 ca l t T / s = 4 .187 X 10° W 

f o o t - p o u n d force/second 1 f t l b f / s = 1.356 X 10° W 

horsepower (electr ic) 1 hp = 7.46 X 102 w * 
horsepower (metr ic) (= ps) 1 ps = 7 .355 X 102 w 
horsepower (550 f t l b f / s ) 1 hp = 7.457 X 102 w 
Temperature 

• temperature in degrees Celsius, t t = T - T 0 

where T is the t h e r m o d y n a m i c tempera ture in kelv in 
and T 0 is def ined as 273 .15 К 

degree Fahrenhei t 

degree Rank ine 

degrees o f temperature d i f f e r e n c e 0 
T.R 
Д Т . , (= A t . J 

t (in degrees Ce!si us i * 

T fin kelvint 

Д Т (= A t ) * 

Thermal conductivity 

1 B t u i n / ( f t 2 - s ° F ) 
1 B t u / ( f t - s ° F ) 
1 c a l I T / ( c m s ° C ) 

(International Table Btul 
(International Table Btul 

= 5 .192 X 102 

= 6 .231 X 103 

= 4 .187 X 102 

W - m • К 
W r r v 1 • K _ 1 

W m _ l ' K " 1 

atm abs, ata: atmospheres absolute; ^ t b f / i n 2 (gl {= psigl : gauge pressure; 

a tm (g), atii: atmospheres gauge. I b f / i n 2 abs (= psia) : absolute pressure. 

The abbrev ia t ion fo r tempera ture d i f fe rence, deg (= degK = degC), is no longer acceptable as an SI un i t . 
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