




APPLICATION IN THE NORDIC COUNTRIES
OF

ICRP PUBLICATION 26

The Radiation Protection Institutes in
Denmark, Finland, Iceland, Norway and Sweden





CONTENTS

1. INTRODUCTION .................................. 1

2. RADIOBIOLOGICAL CONSIDERATIONS ................. 3

3 THE SYSTEM OF DOSE LIMITATION ................... 5
3.1 General principles for dose limitation ................. 5
3.2 Basis for the quantification of detriment ............... 6
3.3 Problems with the quantification of detriment ........... 8

Non-fatal injuries ............................. 8
M edical exposure ............................. 8
Psychological effects .......................... 9

3.4 Justification .................................. 10
3.5 Optim ization ................................. I I

General principles ............................ 1 1
Special problem s ............................. 16

3.6 Recommended dose equivalent limits ................. 19
Exposure of women ........................... 21

4 GENERAL PRINCIPLES OF OPERATIONAL RADIATION
PROTECTION .................................... 23
4.1 Introduction .................................. 23
4.2 Protection standards ............................ 24

Basic lim its ................................. 24
D erived lim its ............................... 25
Authorized limits ............................ 25
Reference levels ............ I ................ 25

4.3 Operational optimization ......................... 26

5 APPLICATION OF THE SYSTEM OF DOSE LIMITATION ...... 27
5.1 Occupational exposure ............................ 27

Dose equivalent limits for workers ................. 27
Conditions of work ........................... 29

5.2 Medical exposures ............................... 32
Optim ization ............................... 33
Justification ................................. 34
The consequences for non-stochastic effects ........... 36
Other considerations .......................... 36

5.3 Exposures of the public .......................... 37
Dose equivalent limits for individual members of
the public ................................. 37
Exposure of populations ........................ 39
The release of radioactive materials into the environment 40



5.4 A ccidents .................................... 41
Accidents and emergencies ...................... 41
Intervention in abnormal situations ................. 43
Occupational exposure in abnormal situations .......... 44
Abnormal exposure of members of the public and
counter-measures ............................. 46

6 MONITORING .................................... 47
6.1 Monitoring of occupational exposure ................. 47

Monitoring of the workplace ..................... 47
Individual monitoring .......................... 47
The use of protection standards in the interpretation
of m onitoring results .......................... 48

6.2 Monitoring of environmental exposure ................ 50
Monitoring in normal conditions .................. 50
Monitoring in abnormal circumstances ............... 52

APPENDIX I

Optimization
1. Shielding ............................... 53
2. V entilation .............................. 55
3. Radon in dwellings ........................ 57
4. Releases from nuclear power stations ............ 61
S. Filtration of 1291 ......................... 62

APPENDIX 2

Emergency planning for nuclear installations ............ 63



I INTRODUCTION

The radiation protection institutes of the five Nordic countries, Den-
mark, Finland, Iceland, Norway and Sweden, published in 1976 a joint
report on the applicability of international radiation protection re-
commendations in the Nordic countries.

The report was mainly based on the set of recommendations issued by
the International Commission on Radiological Protection (ICRP).

In the report it was stated that "if the basic recommendations of ICRP
are subsequently revised, it is the intention of the radiation protec-
tion institutes to consider equivalent changes in the recommended
basis for regulatory texts and, if there is full agreement, jointly to
announce changes which may be made in respect to the principles
which have been recommended here".

In 1977 ICRP published its revised basic recommendations (ICRPPub-
lication 26) which resulted from the examination of new information
during the last decade and since the Commission's previous basic re-
commendations (ICRP Publication 9 adopted in 1965.

In 1978 the representatives of the radiation protection institutes of
the Nordic countries agreed at their meeting in Helsinki to prepare a
joint policy document on the application of the revised ICRP recom-
mendations in the Nordic countries. In common with the previous
joint report of the Nordic radiation protection institutes of 1976 the
present recommendations deal only with ionizing radiation.

In the new recommendations ICRP has more clearly than in the pre-
vious recommendations systematized the basic principles in radiation
protection by crystallizing its system of dose limitation in three main
points:

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 Com-
mission.



The levels for basic dose-equivalent limits recommended by ICRP have
not changed after the Commission's review of available information.
However, the significance of the limits has changed in the sense that
they are now true limits below which the doses should still be kept as
low as reasonably achievable.

As the recommendations of ICRP concern the fundamental principles
upon which radiation protection measures can be based in countries
with differing conditions, guidance on their detailed application is
needed at regional and national levels. Since the publication of ICRP
Publication 26 both the Commission itself and other international or-
ganizations, e.g. IAEA, have further developed the application of the
basic radiation protection principles. One of the important later do-
cuments is the "Basic Safety Standards for Radiation Protection" by
IAEA/WHO/ILO/NEA.

Major parts of the previous Nordic recommendations are still valid,
but changes in the ICRP system of dose limitation have motivated the
new interpretations expressed in this document.

Expert representatives of the radiation protection institutes of the
Nordic countries have agreed upon these supplementary interpreta-
tions. It is recommended by the institutes that they be taken into con-
sideration when national instructions are to be revised.
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27-67') 2 RADIOBIOLOGICAL CONSIDERATIONS

The literature on the biological effects of ionizing radiation is exten-
sive. In the present context it is only possible to summarize briefly
some aspects of these effects.

In man, as well as in many other living organisms, cell nuclei are the
loci which are primarily affected by ionizing radiation. The critical vo-
lume may actually be smaller than the cell nucleus; with respect to
radiation-induced cancer the essential target, judging from recent
findings on oncogenes, could be as small as a single gene. The import-
ance of these considerations becomes apparent if we note that after an
absorbed whole-body dose of I mGy of low-LET radiation, no ioniza-
tions have occurred in about 23 of the cell nuclei. In the remainder,
the average dose is about 3 mGy and the dose among these nuclei va-
ries over several orders of magnitude. This means that even if the
whole-body dose is small, there are in man actually millions of cells
(nuclei or even smaller volumes) in the body that have in fact received
a high dose. Against this microdosimetric background it is prudent to
assume that for stochastic effects, such as cancer, a safe threshold dose
does not exist.

A specific but as yet undetermined event in the cell nucleus carries a
probability of producing a given effect, such as clinical cancer. How-
ever, it is apparent from cell transformation experiments that the rate
of observed damage does not reflect, in any simple way, the rate of
radiation-induced damage. The complexity of cancer production, espe-
cially in heterogeneous human populations potentially exposed to a
multitude of environmental factors that may directly interact with ra-
diation-induced damage or modify its expression (cancer promoters),
suggests that one should not yet try to derive theoretical dose-response
functions from first principles. Because of this the simplest relation, a
linear dose-response curve, is adopted in the present document. It is
likely, but by no means certain, that this is a conservative assumption.

Epidemiological studies of human populations constitute the basis of
risk estimates for the effects of ionizing radiation. One must recognize,
however, that there are many problems in their use. Aong them is
the difficulty of obtaining a control group matched as nearly as pos-
sible to the exposed persons. Another type of difficulty arises from
the fact that most studies are retrospective, i.e. exposure to radiation

3
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has occurred in the distant past. Because of this the exact dose of ra-
diation is often not known accurately enough and, furthermore, it is
virtually impossible to control for certain other variables, such as en-
vironmental agents, which may modify the expression of radiation-
induced damage.

Uncertainties related to dose are especially acute at present because
the dosimetric estimates for the survivors of the atomic bombs at Hi-
roshima and Nagasaki have been called into question. It is premature
to speculate about the impact of these revisions on the risk estimates
even if many scientists seem to feel that the impact will not be great.
Anyway, it appears clear that epidemiological information for whole-
body neutron irradiation in man is no longer available.

In the past, estimates of the carcinogenic risk of whole-body exposure
to radiation have been based principally on mortality data. However,
many scientists feel that the incidence of radiation-induced cancer pro-
vides a more complete expression of the total social cost than does
cancer mortality. There is indeed a clear difference between radiation-
induced cancer incidence and cancer mortality, partly because thyroid,
breast and skin cancers are associated with low or moderate (female
breast) mortality. In addition, one should also remember that, espe-
cially in terms of absolute risk estimates, data based on tumour re-
gistries in Hiroshima and Nagasaki give far higher risk estimates than
those based on the LSS mortality sample of the A-bomb survivors.

Because of all the uncertainties implied above the present document is
not intended to fix any accurate numerical value for detriment of a
unit dose of ionizing radiation. This does not, however, invalidate the
basic redommendations for practical radiation protection purposes
given in this document.
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68-135 3 THE SYSTEM OF DOSE LIMITATION

3.1 General principles for dose limitation

The main principles of the dose limitation system in ICRP Publication
26 are stated as follows:

12 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, eco-
nomic and social factors being taken into account; and

c) the dose equivalent to individuals shall not exceed the limits re-
commended for the appropriate circumstances by the ICRP.

Principles a) and b) will be referred to as justification and optimiza-
tion', respectively. Optimization is used at various levels of decision
making and with different techniques. The authorities might choose
formal methods that include multicriteric methods, ranking methods
and cost-benefit analysis.

Decision making at working places might use more informal methods
as qualitative judgement based on good engineering, experience and
common sense.

In this report optimization is mostly referred to as being the procedu-
res based on cost-benefit analysis.

73 The following expression is introduced for use in a formalized treat-
ment of justification and optimization:

B = V - P+X+Y)

where represents the net benefit, V the gross benefit, P the produc-
tion cost without taking into account the cost of radiation protection,
X the cost of achieving the selected level of protection and Y the cost
of the detriment involved in the operation or in the production, use
and disposal of the product.

P and X are normally measured in terms of money but it is obviously
difficult to quantify the gross benefit V and the detriment Y.
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3.2 Basis for the quantification of detriment

16 The main detriment is usually considered to be effects on human
health caused by the radiation. The quantification of the detriment
needed for a formalized treatment of justification and optimization
then involves three main steps: (a) assessing the doses, (b) assessing the
detriment resulting from the doses, and (c) making the detriment com-
mensurable with the costs involved.

Step (b) implies the use of dose-response relations. As the dose limits
are set so as to prevent non-stochastic effects these dose-response rela-
tions concern the probability for the occurrence of stochastic effects.
The uncertainties in the dose-response relations include the effects of
the dose rate and individual variations in radiation sensitivity. Syner-
gistic effects are another source of uncertainty. In many practical si-
tuations these uncertainties are disregarded and a linear relation bet-
ween detriment and collective dose equivalent is then assumed.

For step (c), it may be desirable to express the value of the detriment
in monetary units. This presupposes political considerations. The final

74-75 decision a to how much it is considered to be worth investing to pre-
vent a particular addition to the radiation dose is determined by the
total resources of the society and its level of ambition in the field of
radiation protection.

Guidance can be obtained from current practices, regarding the pre-
vailing level of ambition as the result of an optimization procedure. As
shown in section 35, if the marginal cost, at the optimum, for saving
one mansievert is a monetary units, then a may be considered a cost
- dose equivalence factor,

Y=US

where is the collective effective dose commitment (a linear dose-det-
riment relation being presupposed).

Values for a derived in this way vary largely. This is not so surprising
since the existing level of ambition should not be considered the result
of an explicit optimization. For instance, in the nuclear power indus-
try a higher than optimal level may often have been chosen on the
basis of good-will considerations. In practices yielding doses only to
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very ill or old persons the risk per dose is lower than usual and this
should be taken into account in the quantification of the resulting
detriment.

A reasonable value would be one to a few times the cost of the loss of
production associated with the injury. This value would then be in the
range of 5000 - 20000 per mansievert irrespective of age and sex.

There is a variation in the a-value between different countries, and
with time. Values ranging from I 00 to 20 000 US per mansievert
have been reported. These wide variations are partly due to different
methods of deriving the a-values. It would appear to be desirable to
reach some international agreement as to the value (or interval of va-
lues) of a saved mansievert, at least in the case of activities with global
consequences, for example due to radioactive releases into air and wa-
ter.

A minimum requirement, however, should be that the value associated
with a saved mansievert should not be less when it is caused by global
irradiation than when it is caused by irradiation in the country causing
the irradiation.

In summary, the significance of the a-value should not be overempha-
sized. Optimization is only one basis for decision and other factors
taken into account might often lead to a level of protection that cor-
responds to an a-value between 5 000 and 20 000 $ per mansievert.
The ICRP does not recommend a specific value of a. However, in imp-
lementing the recommendations the radiation protection authorities
explicitly or implicitly decide upon a value that corresponds to a high
level of radiation protection. It is suggested that for that purpose a

75 value of a of 20 000 US per mansieve 'rt would be appropriate for use
by the Nordic radiation protection authorities.
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3.3 Problems with the quantification of detriment

A value of aintended forgeneral application waspresented in the fore-
going section. However, it is stressed that the quantification procedu-
res discussed have several limitations.

Non-fatal injuries

As death has commonly been used as an index of the comparative
safety or harm of different industries and there is a lack of quantita-
tive information on non-fatal injuries ICRP has concluded it sufficient
for the time being, for radiation protection purposes, to use the dose-
response relation, which gives the expectation value for injuries result-
ing only in death. For particular practices non-fatal injuries should,
however, be considered by the radiation protection authorities.

94-95 Allowance has to be made for doses tat occur as a result of unplanned
occurrences. A special case is when the "non-stochastic limit" is more
strict than the "stochastic", for example when the exposure is almost
entirely confined to the hands. Any exposure exceeding that planned
leads in the first instance to a risk of acute injuries. The normal dose-
response relation is then an insufficient basis for the quantification
needed for optimization and justification.

In certain cases there may be some empirical basis for the evaluation
of the frequencies of mishaps, e.g. for x-ray apparatus. But even in
such a case is it not easy to specify how the corresponding detriment
should be taken into account in optimization or justification procedu--
res. In general all that can be said is that the risk for such unplanned
occurrences should be taken into account and should lead to conserva-
tism in the assessment of the anticipated detriment.

91-93 Medical exposure

In practice it has been found that the radiation protection measures in
the medical field are often less stringent than in most other sectors,
which may be due to historical reasons. From the point of view of an
exposed person it may seem unimportant in what capacity he or she
received an unnecessary dose, for example whether it was as an em-
ployee or as a patient. As mentioned above, the process of optimiza-
tion is an aid for distributing the resources which the society can allo-
cate to protection measures. This overall view does not justify diffe-
rent levels of protective ambition in different sectors.

8



Such a view, requiring if not the same value for at least the same
high level of protective ambition in the medical field as in other fields,
can be expected to give rise to some opposition. Those responsible for
the medical treatment may maintain that with a certain economic ex-
penditure more can be achieved if the money is used for other purpo-
ses than radiation protection. In the final analysis it would appear to
be a political question how society should distribute its resources on
protective measures. For the radiation protection authorities, however,
the medical field is not one which can be given special treatment in
this respect.

It may be observed, however, that patients form a considerably less
homogeneous group than do employees. This means that exactly the
same dose received by different persons may imply greatly varying
risks. A principle for equal distribution could be expressed thus: In
the medical field an equally great effort should be made as in other
fields to avoid a given risk caused by unnecessary exposure.

Psychological effects

Insecurity and psychological troubles which may be caused by the ra-
diation doses resulting from an activity can also be considered part of
the detriment. However, these effects are difficult to quantify, espe-
cially due to the fact that there is no simple relationship between the
radiation dose and the psychological response when the dose increases,
particularly when the doses are in the neighbourhood of official dose
limits. If this type of detriment is also taken into account, the conse-
quences may be that it is more justifiable to save a mansievert made
up of a few persons and a mean dose approaching the occupational
dose limit than a mansievert made up of many persons and a low mean
dose.

The issue of the preceding paragraph is just one example of considera-
tions which may appropriately be taken into account after performing
a differential cost-benefit analysis and which may then influence the
final consideration as to what is a suitable level of protection and the
justification of an activity.
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68-69 3.4 Justification

Justification implies that the net benefit of introducing the activity
considered must be positive. In equation form this may be written

130>0

where

73 Bo = V (P + 0 +O)

and X and Y represent the cost of radiation protection and the
detriment, respectively, arrived at by optimization (or by other, over-
riding, principles).

Assessment of the gross benefit can only be made in a broad social
perspective. In certain cases these assessments have a central political
nature and they must be made at a higher level than the radiation pro-
tection authority. This is the case, for example, in the question of
nuclear power. In many other cases it is necessary to consult a govern-
mental authority, or other expert body, with competence in the field
concerned. Thus the medical authorities can express their views on the
value of pacemakers containing radioactive material or of mammo-
graphy (breast x-ray examination). In general it may be said that it is
easiest to make an assessment of the net value of a practice when it
concerns the introduction of a new practice providing the same gross
benefits as one which already exists but which differs from the new
practice in that it does not involve radiation. Without such a reference
the comparison necessarily involves varying degrees of subjective jud-
gement.

However, in many cases assessment of the justification made by the ra-
diation protection authority is simplified by the considerations already
presented by some other body. This is usually the case for research
projects. For example, if the body which issues grants has approved a
project costing several orders of magnitude more than the assessed
detriment of the activity it is obvious that the radiation protection
authority need not make an assessment of the net benefit.

The question as to whether a practice is justified is normally determi-
ned at government authority or government level. Those who intend
to engage in the practice must make investigations which can form the
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basis of the decision by the authority. For example, the investigations
may concern the statistics for the occurrence of something which can
be prevented by means of the practice or may be an analysis of alter-
native technical methods for achieving the desired result. Since the
practice is generally subject to licensing, the question of justification
formally becornes a question for the authority as soon as an applica-
tion for a licence is submitted.

70-76 3.5 Optimization

General principles

In radiation protection, as in other types of protection, it is unreason-
able and unrealistic to require that the protection shall be complete.
Instead, the requirement should be that the protection is in some way
optimized.

The optimization of the radiation protection does not ncessarily
mean an overall optimization of the practice, nor should the optimized
level automatically be selected as the approved radiation protection le-
vel because optimization is only one element in the decision-making
process. The level finally approved may be lower or higher than the
optimized level because of broader social considerations.

Optimization is an important tool for radiation protection authorities
when framing regulations. In practical radiation protection work it is
often necessary to apply simple rules of thumb based on the authori-
ty's optimization deliberations. When it concerns items of equipment
which are manufactured in large numbers and which have an interna-
tional distribution, it may be suitable to refrain from requiring optimi-
zation of individual items of equipment since this might reduce the

158 advantages resulting from standardization even in the field of radiation
protection. In these cases it is most desirable that both the manufactu-
rer and the international standardization organizations are aware of
the requirement that the radiation protection shall be optimized.

Optimization is primarily a task for the radiation protection authori-
ties. These authorities decide what can reasonably be required of a
particular activity and then issue these requirements, expressed in the
form of approved limits or the like. In certain cases it may be conside-
rations of another type which result in the required level of protec-
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tion, e.g. that the process of justification included setting an upper li-
mit for the detriment due to a particular practice. In addition to these
requirements the authority may consider that those who engage in a
practice should take further measures to the extent to which this is
deemed reasonable.

In this case the authority would recommend that the persons engaged
in the practice apply the principles of optimization.

Even for practices for which no real optimization is carried out there
should be an awareness of the principles. Employees and others expos-
ed to radiation should be informed that the risk of injury increases
with the radiation dose and that no irradiation of persons shall be al-
lowed if it can be avoided without causing serious inconvenience or
other disadvantages.

73 Referring to the formula given above (p. 5), = V-(P+X+Y), one way
of formulating the optimization of radiation protection in this report
means a minimizing of the sum of the cost X of radiation protection
and the cost Y of the radiation detriment. This is achieved mathema-

74 tically by a differential cost-benefit analysis, whereby the differential
of the combined cost U(W) for radiation protection X(W) and detri-
ment Y(W) is zero

dU(W) _ dX(W) _ dY(W)'_ V
dw dW dW

W is a parameter representing the level of radiation protection, e.g.
shielding thickness, ventilation rate, alternative options of protection.
X(W) and Y(W) may be continuous functions of W or functions which
can only adopt discrete values. In the latter case the changes in control
levels are achieved in finite increments, e.g. a change from m to n (see
figure).

X Y

XP 0

Xn - 0
XM_

YM
Yn 0

YP 0
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The resulting improvement in radiation protection can be considered
worth-while if it does not cost too much in comparison with the de-
crease in the detriment, quantitatively this is expressed by:

Xn - Xm <Ym - Yn (2)

or

Xm - Xn (3)

YM Yn

It is assumed that the levels of protection are arranged in such a way
that the value of the quotient IAX V IAY increases for increasing W.
Le.

Xp - Xn > Xn - Xm (4)

Yn -Yp YM Yn

A simple ethod to find at which level condition 4) no longer holds
is to use a YX-graph. Each point represents a level of protection. Only
measures implying I AX VAY K I are worth-while, according to the
above principle.

XM P

\76,x
Y(W)

By moving a straight line with the slope equal to - (i.e. 1350 slope)
from left to right, the first point that will be touched by the line is
the optimized solution. At any other point the sum of the corres-
ponding X(W) and Y(W) will be larger.

The concept of radiation detriment has been introduced to identify,
and if possible quantify, all deleterious effects caused by the radiation.
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The detriment as used in connection with optimization is related to a
given source or practice and refers to the radiation impact on health in
the exposed population group. This health effect can be expressed and

25 quantified in terms of collective dose equivalent commitment as defi-
ned in CRP Publication 26, if it is assumed that a individual radia-
tion doses are well below the threshold values for non-stochastic ef-
fects. Other health effects, as for example anxiety and conventional
injuries, and non-health detriment as for example social problems as
discussed abovecan also be caused by radiation or as a result of imple-
mentation of radiation protection measures. These effects are difficult
to quantify and are left outside the optimization of radiation protec-
tion but may nevertheless be considered in the final decision-making
process.

The optimization procedure necessitates an expression of cost of pro-
tection and detriment in the same unit. Since the health detriment is

75 proportional to the collective effective dose commitment it is as-
sumed, as mentioned above (p 6, that the cost of the health detri-
ment is also proportional to that quantity such as

Y = a, (5)

a is a dimensional constant expressing the cost assigned to the unit
collective dose for radiation protection purposes.

If other detriments are quantified and corresponding costs are taken
into account they should be added and the cost of the total detriment
can be expressed as

Y=a-S+O.ZN J- f (Hi (6)

where

a is the cost of the health detriment,
P is the cost per unit detriment, a constant,
H is the mean dose equivalent to the N. individuals in the jth group.

J
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The second term expresses the cost of other detriments than those
(health) detriments directly connected to the radiation and it is as-
sumed that they are a function of the individual dose level. f is a func-
tion of individual doses, which would depend on risk aversion attitud-
es and national or managerial regulations. There is no attempt to deve-
lop the function f (H-) in quantitative terms in this report.

j

Using the new symbols the optimization may be expressed as

U(W = X(W) + a -S(W = minimum (7)

which at the optimum WO corresponds to the expression

dXjW =-adS (8)
dW 0 WO

or

74 dXJS =-a (9)

dS

If the functions are discontinuous the expression takes the form

X - Xm (10)

Sn-Sm

where m and n stand for different levels of protection.

There are some limiting factors in the optimization. If the optimiza-
tion procedure leads to excessive individual doses, the maximum ac-
ceptable individual dose is the limiting condition. For some special si-
tuations it may not be feasible, for economic reasons, to achieve all
measures of protection indicated by the optimization procedure. In
these cases a cost-effectiveness analysis may be appropriate, which
means analyzing how a given level of protection can be achieved at the
minimum cost or how the maximum protection can be obtained at a
given cost-level.

The cost of protection X should include expenditures in time, labour,
goods and other resources needed for the protection system aswell as
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the cost of the harm incurred by society for these purposes. Three ge-
neral methods for assessing the costs are
a) crude cost estimates,
b) present worth evaluation,
c) annualized cost estimates.

The three methods are different concerning time variation of moneta-
ry resources, value of money etc.

Some examples of optimization are given in Appendix I

Special problems

The cost of the health detriment in monetary units is the cost the so-
ciety is willing to pay to avoid this detriment. This cost is expressed as
U S. The value of a S is a controversial matter and some general
problems have been discussed above. Some further problems will be
discussed here.

Distribution problems occur when people receiving the detriment from
the practice would not receive the benefit in equal degree. These prob-
lems may refer to different groups of populations or different times.
The problem of costs, detriments and benefits distributed over diffe-
rent populations at different times is complex not only from an ethi-
cal viewpoint. It can also mean political and legal complexities. How
this problem affects the value of a may be judged on a national basis.
However, the value of a used in optimization should be applied to all
doses received, without regard to location. The value of a for collecti-
ve doses appearing in the distant future may not be a problem in the
case of optimization because the long-term part of the collective dose
is cancelled out (see below). This might also be the case for the justifi-
cation procedure. Otherwise the responsible authority has to pay due
attention to the fact that some part of the resulting dose commitment
will occur in the distant future.

The dose distribution among individuals would also influence the deci-
sion-making. Optimization on the basis of collective doses can for
large groups be determined by the larger contribution at low levels of
individual doses. However, there may be reasons identified by the
competent authority to pay special attention to those groups with re-

16



latively high exposures. Another problem to be considered is the
change of dose distribution as a result of radiation protection measu-
re s.

The collective dose equivalent commitment is defined as the infinite
time integral of the collective effective dose equivalent rate �(t) caus-
ed by the event, decision or practice.

00
S f S(t)dt (I )

0

The collective effective dose equivalent rate is the infinite integral of
the weighted product of effective dose equivalent rate I and the cor-
responding number of individuals N(fl) in the population.

00
S=f HN(H)dH (12)

0

The variation of �(t) with time depends on the radioactive half-life of
the corresponding source and on the contact of persons with the sour-
ce and its radiation. This calculation can be rather complicated and
uncertain in the case of long-lived nuclides associated with intermedia-
te and long-term storage of radioactive waste because of any un-
known factors such as radiological long-term behaviour of a radionuc-
lide in the environment and the possible exposure of human beings.

The discussion above is relevant in the assessment of the justification
of a practice or source, in which case the detriment, i.e. the collective
effective dose equivalent commitment S, is calculated. In the optimi-
zation procedure, the question is limited to assessing the detriment
saved by choosing one alternative rather than another.This has prac-
tical implication in the estimation of collective doses, especially in the
case of alternatives that are closely interrelated in a given radiation
protection system, e.g. in comparing different depths in a deep geolo-
gical repository. If there are very long lived nuclides involved, e.g. in
the case of long term storage of transuranic waste, the lifetime of the
repository will be shorter than that of the nuclides in the waste and
eventually a residual activity will be released to the environment.
That means that after the lifetime of the most longlived alternative
the environmental contamination caused by the radioactive waste will
be the same. The saved collective dose equivalent will therefore be
equal to the difference between the collective dose equivalent over the
longer lifetime of the alternatives.
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It is necessary to stress te need of caution in optimization of systems
lasting over very long time, more than the order of 10 000 years, be-
cause of increased uncertainties with time of the integrity of the sys-
tem and resulting collective doses. The conclusions of optimization
might be very dubious.

If the gross benefit V and the production cost P in the formula given
above, = V - P + X + Y), are independent of various protective
measures, the optimization of the protection also implies an optimi-
zation of the net benefit of the activity. However, this is not always
the case and radiation protection and other considerations can be in
mutual conflict. The optimization of the radiation protection aspects
of the checking and service work at nuclear power plants is such an
example since this work can affect the operating conditions at the
plant and thus the value and the cost of the production.

The principles of optimization are principally applicable to the design
and construction of apparatus, auxiliary equipment and the building
for the radiation source for which the practice is to be optimized from
the point of view of radiation protection. It is also possible to apply
the principle of optimization in connection with operation and main-
tenance. This may concern the size and the competence of the staff,
equipment for personal protection, tools, operating instructions, mo-
nitoring equipment, etc. It is often difficult to assess the results of
these measures from the point of view of the radiation protection
since they are to some extent dependent on human factors. This is
further discussed in Chapter 4.

The radiation protection measures in work involving essentially exter-
nal irradiation of hands, arms and/or the head can not be optimized
directly on the principles discussed in the foregoing. In such cases the
reasonableness of the radiation protection measures has to be judged
on the basis of other considerations.

Finally, it should be noted that the optimization procedure as describ-
ed above in mathematical terms has hitherto only been used spasmodi-
cally in practice. This is partly because in a majority of practical cases
the radiation protection is a minor and straightforward problem which
can be easily solved by experience and common sense. The cost of a
strict procedure according to the principles given above might also
have exceeded or formed a substantical part of the cost of protection.

1 8



It is also true that in many cases the level of radiation protection may
in practice exceed that which would be the result of a formal optimi-
zation procedure. However, this is not an argument against the optimi-
zation as such, it only illustrates the fact, mentioned above, that other
factors must also be taken into account in the decision-making process
for radiation protection purposes. Even if optimization as described in
this report has not been applied in many cases for several reasons, its
use must be encouraged and recommended. The optimization proce-
dure is especially important in connection with design and operation
of large facilities such as nuclear power plants and of devices used by a
large number of people, e.g. some consumer products, x-ray equip-
ments etc.

103-112 3.6 Recommended dose equivalent limits

The basic dose equivalent limits recommended by ICRP are "intended
to prevent non-stochastic effects and to limit the occurrence of
stochastic effects to an acceptable level."

103 It is believed that non-stochastic effects will be prevented by applying
a dose equivalent limit of 0.5 Sv in a year to all tissues except the lens,
for which the recommended limit is 0. 1 5 Sv in a year. These limits are
applicable to workers. The corresponding limits for the public are low-
er because of possible additive irradiation and more sensitive groups in
the population (e.g. children). Both limits and the corresponding li-
mits for the public based on the stochastic effects are discussed in
Chapter 5. Even if the following discussion is mainly restricted to oc-
cupational exposure there are general remarks also applicable to the
exposure, of the public.

The stochastic limit for annual dose equivalents is most directly app-
lied in the case of uniforrn irradiation of the whole body. In the case
of nonuniform irradiation the dose equivalents in the various tissues

104 must be multiplied by the weighting factors presented in Publication
26 and summed. The limit for the weighted sum is the same as for uni-
form whole-body exposure. The weighted sum is named the effective
dose equivalent.
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The weighting factors for tissues are principally relevant for the irra-
diation effects due to internal contamination. Thus, they form a basis

107 for the calculation of the annual iit of intake, the ALI value. How-
109 ever, the applicable ALI values can not always be derived from the

stochastic limit. When the dose equivalent in a specific tissue is domi-
nant it may turn out that a more restrictive value is obtained from the
non-stochastic limit. Thus an intake of radioactive iodine, yielding do-
ses essentially only in the thyroid, is limited by the thyroid dose equi-
valent limit of 500 mSv. The corresponding effective dose equivalent
is 15 mSv, considerably lower than the stochastic whole-body limit of
50 mSv.

105 The organs listed (paragraph 105) are those wich may non-nally be
selectively exposed to internal irradiation and those that have to be
considered because of their susceptibility to radiation damage, the se-
riousness of such damage and the extent to which this could be treat-
able with present-day knowledge. Selective external exposure of the
body may occur, for example, if the respective parts of the body are
not protected by a lead-rubber apron, a protective barrier of lead or
the like. This may be a question of the arms or hands or the head of
the person concerned. The limit for exposure of hands, arms, feet and
legs is 0.5 Sv and the limit for exposure of the head is the same as that
for exposure of the eyes (0 IS Sv). The limit for exposure of just the
hands, for example, is thus the non-stochastic limit, 500 mSv. The con-

107 cept effective dose equivalent is not normally applicable in practical
situations of external exposure. It is stated (paragraph 107) that the
weighting factors are intended to provide guidance for those concerned
with calculation of secondary and derived limits. It is also stated in
this paragraph that in practical situations it will usually suffice to use
three limits which are applicable to external and internal exposure.
These so-called secondary limits are the limits for the deep and shal-
low dose equivalent index and for the annual limit of intake, ALI.

The dose equivalent index is physically a well-defined quantity. It can
be seen primarily as a field quantity and it is not intended to provide a
measure of the doses to persons. When used as a field quantity, on the
other hand, there are practical difficulties with the measurements
which make the index concept unattractive. ICRP has appointed a
task group with examination of the application of the index concept
as one of its functions.
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In view of what has been said above it would appear tat it is not suit-
able at present to express secondary limits directly in dose equivalent
index.

When it concerns limits for radiation intensities in an environment it
would appear suitable, at least for the time being, to use receptor-free
quantities such as exposure and kerma.

The primary importance of the limit for the intake of radioactive sub-
stances (theALI value) in practical radiation work is as a basis for de-
rived limits (see Chapter 4 A factor which complicates the direct
application of ALI values is the difficulty of monitoring internal con-
tarnination. Derived limits and authorized limits (see Chapter 5) may
concern quantities pertaining to the working environment, such as the
concentration of radioactive substances in air or water. Such quanti-
ties can be more readily controlled than the intakes. It would appear
to be desirable to extend the systems for internal monitoring so that it
is possible to check that the limit for the annual intake is not exceed-
ed.

In some situations both the external and the internal exposures must
110 be taken into account. ICRP provides a formula for combining the va-

rious dose contributions. However, there must be few situations in
which there is a need for such a limit with a combination of external
exposure and an intake of radioactive substances. If one component
of the exposure is dominant and monitoring is required for this corn-
ponent only then the other component need not be taken into account
from the point of view of establishing the radiation risks.

115-116 Exposure of women

ICRP Publication 26 contains special recommendations for the expo-
sure of women. The reason for this is that an embryo or a fetus is es-
pecially sensitive to radiation and women who are or may be pregnant
must receive special protection.

ICRP considers that the embryo is sufficiently protected if it does not
115 receive more than mSv during the two first months after conception.

Larger doses could be obtained without the recommended general an-
nual limit being exceeded. There should therefore be special rules for
women of fertile age. The consequence of these rules should be that,
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due to the nature of the work, it can be anticipated that a certain de-
finite proportion of the permissible annual dose will not be exceeded
during a limited portion of the year. A suitable period is two to three
months. Examples of types of work which are unsuitable from this
point of view are special types of service work at nuclear power sta-
tions and mobile industrial radiography.

According to ICRP Publication 26 women with confin-ned pregnancy
should be allowed to take part only in work of category B ie. work
where it is most unlikely that the annual exposures will exceed three-
tenths of the dose equivalent limits. More detailed specification is a
matter for the national authorities. Further examples of unsuitable
tasks, in addition to those named in the previous paragraph, are work
with radium and cesium inserts, some duties of x-ray assistants (e.g.
holding patients during exposure) and some types of laboratory work
with radioactive materials.
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136-159 4 GENERAL PRINCIPLES OF OPERATIONAL
RADIATION PROTECTION

136-143 4.1 Introduction

136 The recommendations of this chapter deal with the general principles
of operational radiation protection, from the initial conception of a
proposal involving exposure to ionizing radiation, through Are limita-
tion of such exposure in normal operation, to the procedures required
in cases of accident or emergency.

137 There are three types of exposure for which the ICRP recommenda-
tions apply:

- exposure of individuals in the course of their work,

- exposure due to medical examination and treatment,

- other exposures of individuals.

139 Responsibilities for achieving appropriate radiation protection fall
mainly on the employers or owners of the installation giving rise to ra-
diation exposure. Self control by the owners and users of the installa-
tion must play the major part in the radiation protection scheme. One
major duty of the radiation protection authorities will be to issue in-
structions and guidance for the various applications of ionizing radia-
tion, apart from supervising the conduct and assuring that the relevant
radiation protection requirements have been met.

The management in charge of the installation shall identify a techni-
cally competent person or persons with special duties for radiation
protection.

In large hospitals with a radiation therapy department, nuclear power
plants, large research institutions etc. the competent persons may be
radiation protection officers or teams having radiation protection or
occupational safety in general as their only task.

The competent person or radiation protection officer, and the actual
radiation protection administration and organization, shall be approv-
ed by the statutory competent authorities.
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140 Proposed installations, changes in existing installations and operations,
products containing radioactive material etc., should be examined at
the design stage in order to restrict the exposure. This may often be
done by comparison with the detailed technical standards set for va-
rious applications of ionizing radiation. The manufacturer or owner is
responsible for ascertaining that the product or installation meets the
relevant radiation protection requirements.

141 Before starting an operation or distributing a product, it should be es-
tablished by the management that the appropriate radiation protection
requirements have been met.

142 During operation, the assessment of exposure of individuals or groups,
carried out by calculation or measurements, is an important compo-
nent in restricting the exposure and in providing a basis for any deci-
sions to intervene.

143 Intervention is the term used when steps have to be taken to depart
from normal operating procedures in abnormal situations, usually in
order to regain control of the situation. The procedure for interven-
tion should be planned in advance, possibly leaving the details to be
settled in the light of the actual circumstances.

144-152 4.2 Protection standards

Different types of protection standards are defined.

Basic limits

145 Dose-equivalent limits: These apply to the dose equivalent, or the com-
mitted dose equivalent in the organs or tissues of the body. For occu-
pational exposure, the corresponding concept in earlier ICRP recom-
mendations (ICRP Publication 9 was called Maximum Permissible
Dose. The conceptual contents of the two expressions, however, are
not identical. In the current concept it is more strongly stressed that
dose levels below the limits are only acceptable as long as they fulfil
the optimization requirements.

146 Secondary limits: In case of external penetrating radiation they apply
to the maximum shallow dose equivalent index in the body at depths
below cm. In case of internal exposure, they refer to the annual li-
mits of intake.
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147 Derived limits

These reflect the basic limits by a defined model of the situation, and
may be set for quantities such as dose equivalent rate at a workplace,
contamination of air etc. As long as these quantities remain within the
prescribed derived limits, the basic limits will not be exceeded. The
corresponding concept in earlier recommendations was called Derived
Working Limits.

148 Authorized Limits

These may be set for example as a result of optimization by a compe-
tent authority or management of an institution. They should in gene-
ral be below the derived limits, though exceptionally they may be
equal to them. An authorized limit will always take precedence over a
derived limit. In earlier recommendations, authorized limits were cal-
led operational limits or operational authorized limits.

149 Reference levels

These are not limits, but are used to determine a particular course of
action. The most common forms of reference levels are:

150 Recording levels, above which the dose may be of sufficient interest
to be worth recording. The introduction of a recording level may
greatly simplify the recording procedure. According to ICRP, unre-
corded results should be treated as zero for assessing for instance an-
nual dose equivalent. This may however result in large population do-
ses being discarded without a closer examination. Before setting a re-
cording level, the resulting simplification of the recording procedure
should be weighed against the corresponding loss of data concerning
population doses ftom various activities. Unrecorded doses may, how-
ever, be assessed by special monitoring programs or by a downward
extrapolation of the actual dose distribution.

151 Investigation levels, above which the dose equivalent, collective dose
equivalent, intake or release is sufficiently important to justify further
investigation. This may range ftorn the mere recognition that circum-
stances made a significant result likely to a full inquiry into the causes
and consequences of the result.
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152 Intervention levels, above which countermeasures should be conside-
red. Intervention levels are to be expressed as dose levels or as dose
saved by a considered countermeasure, or as derived quantities. An in-
terval should be specified such that intervention is highly unlikely to
be required at the lower end but practically mandatory at the upper
end of the interval.

153-159 4.3 Operational optimization

154 It is usual to assume that the detriment to health is proportional to
the collective effective dose equivalent in the exposed group. In this
case optimization means comparing the differential change in the cost
in changing from one protection strategy to another, with the corres-
ponding differential change in the cost correlated to the collective
dose equivalent.

This definition of operational optimization is recognized in ICRP Pub-
lication 26 as the major guideline in allocating resources in order to
reduce the doses.

However, as stated in Chapter 3 insecurity and psychological troubles
which may be caused by the radiation doses can also be considered
part of the detriment (!3-tenn). Because of this fact, it may sometimes
be appropriate to use more resources per manSv in reducing individual
dose equivalent values close to the dose limit, than in obtaining a
further reduction in doses which are already small.

In some cases a particular operation may be performed with a varying
number of workers involved. Optimization will generally mean lower-
ing the collective dose equivalent resulting from the operation.

In many circumstances the collective dose equivalent will increase as
more, and probably less experienced, workers are involved.

156 When intervention is considered, optimization involves balancing the
detriment caused by the intervention against the benefit expected
from the resulting reduction of the dose.

158 Case by case optimization of widely used equipment is not appropriate
because it would nullify the advantages of standardization. Optimiza-
tion should, however, play a basic part in the setting of such standards.
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96-102 5 APPLICATION OF THE SYSTEM OF DOSE
160-242 LIMITATION

5.1 Occupational exposure

96-102 Dose equivalent limits for workers

96-98 The dose equivalent limit for workers is an issue of the greatest impor-
tance and first a few general comments will be given. The criterion for
the system of dose limitation chosen by ICRP is that the risk for fatal
injuries in radiological work should not exceed the risk for fatal inju-

96 ries in other occupations which according to ICRP are regarded as hav-
ing a good safety record. If occupations are recognized for which the
ratio of non-fatal to fatal injuries is high it seems recommendable that
in addition the occurrence of non-fatal effects in radiation work be
compared to that in other occupations.

Another question which deserves more careful consideration is wheth-
er the long latency period of radiation injuries justifies evaluating them
in a different way from acute occupational hazards. On the one hand,

98 as ICRP points out, the latency period has the effect of considerably
reducing (by about a factor of 3 the loss of years of life. On the
other hand, in other connections it has been maintained that the risk
for stochastic, long-term injuries should be more severely limited than
the risk for an accident which is immediately evident. Reasons of a
psychological nature are among those suggesting this point of view.
The uncertain nature of an injury with a long latency with the effect
that an individual will not know whether or not an injury will appear
may in itself lead to a troublesome degree of worry. Furthermore, the
individual is carrying the germ of an injury and this implies that at a
later date when the safety requirements may have been made more
stringent he or she will then run a relatively large risk that the injury
will become manifest in relation to the views at this future date.

This, however, is something of an inverted psychological effect. The
dose limits are set in such a way with regard to the long-term effects
that if a person continues to be exposed to radiation doses equal to
the chosen limits year after year, the cumulative annual risk at equilib-
rium corresponds at the most to the yearly occupational risk that ac-
cording to ICRP is accepted at present. To match a dose limit now to
an anticipated dose limit in the future could lead to unreasonable con-
sequences. On the other hand, in the future when dose limits are being
established it is not unreasonable to take into account previous expo-
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sures in order to limit the annual individual risks. This may be includ-
ed in the medical criteria when assessing the suitability of a particular
practice. Here, however, great care must be taken to avoid any risk of
discrimination.

99-102 It is made clear in ICRP Publication 26 that a situation with dose
equivalents of 50 mSv received year after year corresponds to a com-

100 paratively high risk. It is stated, however, that experience has shown
that a limit of 50 mSv often results in average doses of only mSv.
Further, it is said that long-term exposure of a large fraction of wor-
kers at or near the dose limit should only be regarded as acceptable if

102 a careful cost-benefit analysis had shown that the higher resultant risk
would be justified.

For use by the national authorities these recommendations would
need to be more concrete. Good occupational safety practices in Nor-
dic countries normally result in a lower risk than ICRP refers to in its
Publication 26. Therefore as a complement to the dose limits referen-
ce levels for annual dose equivalents of the type given in Chapter 42
may e given.

the aim should be to keep the doses below the reference level when
this is reasonably practicable. The national authority must explain in
detail the significance of the level.

It is clear from the above that the fact that such a level has been ex-
ceeded d6es not imply that a risk threshold has been reached. It is the
total dose accumulated by an individual over all years which is signifi-
cant for his or her risk situation. Thus it may seem rational to limit
the dose for a sequence of years, or for the whole course of an occu-
pational activity, rather than the annual dose. This, however, ay not
be acceptable, one reason being the individual's position in the labour
market if he or she has received the maximum dose permitted for
such a long period at an early stage in the period.
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160-194 Conditions of work

161 Occupational exposure comprises all the dose-equivalents and intakes
incurred by a person during periods of work, excluding those due to
medical and natural radiation. Conditions of work can be divided into
two classes:

Working Condition A: Conditions where the annual exposures might
exceed three-tenths of the dose-equivalent li-
mits.

Working Condition B: Conditions where it is most unlikely that the
annual exposures will exceed three-tenths of
the dose-equivalent limits.

The value of three-tenths of the basic limits for occupational exposure
is thus a reference level used in the organization of protection. It is
not a limit. The requirements of Working Condition might be ful-
filled if by experience it is known that the annual doses are less than
1/10 of the dose limit and that the occurrence of an accident is most
unlikely.

In situations where the exposure is unconnected with the work, and
where the work is in premises not containing the radiation source giv-
ing rise to the exposure, the working condition shall be such that an
annual dose limit applicable to members of the public is respected.

162 The main aim of the definition of Working Condition A is to ensure
that the workers who might otherwise reach or exceed the dose-
equivalent limits are subject to individual monitoring, so that their ex-
posure can be restricted if necessary. In Working Condition B, indivi-
dual monitoring is not necessary, although it may sometimes be car-
ried out as a method of confirmation that conditions are satisfactory.

163 The practical application of this system of working condition classifi-
cation is greatly simplified by the introduction of a corresponding sys-
tem of classification of workplaces. Examples of different areas (A-D)
with associated dose-equivalent limits are given in the following.

B C D
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A. Controlled area

An area where continued operation gives rise to Working Condition A.
The controlled area should be large enough to ake it unlikely that
the annual dose-equivalent to workers outside the area will exceed
three-tenths of the limit. The dose-equivalent limit applicable to this
area is 50 mSv/year.

Access to controlled areas should be restricted so that only autho-
rized individuals are allowed entry. Access can be controlled in a varie-
ty of ways, the minimum being by use of warning signs. Inside con-
trolled areas it may sometimes be necessary to define regions where
compliance with the relevant limits can be achieved only by limiting
the time spent in the region or by using special protective equipment.

164 B. Supervised area

An area with boundaries chosen to make it unlikely that the annual
dose equivalent outside the area will exceed one-tenth of the limits.
Workers operating in this area however, are regarded as occupationally
exposed individuals, and the corresponding dose limits are applicable.
However, the individual doses in this area are most unlikely to exceed
3/10 of the dose limit, and the supervised area thus corresponds to
Working Condition B.

C.

Working area not directly associated with ionizing radiation, although
it may be controlled by the same employer. The annual dose limit for
this area is mSv.

D.

In adjacent areas, persons may be exposed from the same practice. The
dose-equivalent for individual members of the public are applicable to
these persons. See section 5'.5.

165-166 In order to simplify the arrangement for medical supervision and for
individual monitoring, it is usual to classify individual workers. In
practice this has been done in terms of the area where they work. In
principle, however, there is no simple parallelism between the area
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classification and the classification of working conditions, because the
former takes no account of the time spent by the worker in the area
during the year, etc.

It may occasionally be appropriate to classify working conditions in-
dependently of area, for instance when there are clearly different types
of work, giving rise to clearly different personal exposures, within the
same area. An example may be x-ray departments where physicians
have to work close to the x-ray machine during fluoroscopy, a Work-
ing Condition A situation. Radiographers working in the same x-ray
laboratory may have a different function, resulting in much lower le-
vels of personal exposure. It may ten be appropriate to classify the
radiographer as working under Working Condition B a classification
which will be significant in case of pregnancy.

167 Arrangements for restricting occupational exposure should in general
be applied to the source of the radiation and to features of the work-
place. The emphasis should thus be on intrinsic safety in the working
place and only secondarily on the protection that depends on the
workers' own action and skill.

168-169 External exposure may be restricted by the use of shielding, distance
and limitation of time of exposure. Shielding produces intrinsically
safe conditions at the workplace, and should be preferred as far as
possible. The shielding of the radiation source shall be such that the
work can be carried out in compliance with the recommended dose -
mits for workers and members of the public. For some areas it may be
possible to employ occupancy factors in order to reduce the shielding
requirements.

170 Contamination by radioactive materials may be restricted by contain-
ment and cleanliness. Containment, which provides intrinsic safety,
consists of a series of barriers. Total containment is not always justi-
fied and partial containment may be sufficient provided that it is supp-
lemented by a high standard of cleanliness.

172 All workers who may have access to supervised or controlled areas
should be properly trained and given appropriate information about
the hazards of their work and about the precautions they should take
to protect themselves.
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184 The medical surveillance of workers exposed to radiation is based on
the general principles of occupational medicine. Deleterious effects
cannot be unequivocally associated with exposures within the dose
equivalent limits and medical surveillance has no part to play in con-
firming the effectiveness of a radiation protection program. The aims
of medical surveillance are 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 and to provide a base
line of information useful in the case of accidental exposure or occu-
pational disease.

185-186 Workers in Working Conditions A, i.e. conditions where the annual
exposures might exceed three-tenths of the dose equivalent limits,
should be given a medical examination before or shortly after starting
this kind of work (depending on the kind and magnitude of the radia-
tion risks). Continuing surveillance of the health of the worker should
be made at a frequency of at least once every three years. Exemptions
from these rules may be given for workers who work only a short time
(less than one month per year) in Working Condition A.

195-209 5.2 Medical exposures

Medical exposure refers to the intentional exposure of individuals (pa-
tients)for diagnostic or therapeutic purposes, and to the exposures re-
sulting from the artificial replacement of body organs or functions.
The two first principles of ICRP:s system of dose limitation also apply
to medical exposure:

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, eco-
nomic and social factors being taken into account.

196 The objectives of the medical procedures are:

- examinations or treatments directly associated with illness;

- systematic examinations undertaken for mass-screening purpo-
ses or for periodic health checks;
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examinations forming part of the medical surveillance of workers
without forgetting the prophylactic significance;

examinations carried out for medico-legal or insurance purposes;

examinations of treatments forming part of a medical research
program.

In some of these situations authorized limits may be appropriate.

To cover this important area involving various fields of knowledge it
is obvious that the cooperation of many specialists is required. Thus,
the referring physician and the performing physician shall consult to-
gether and decide upon the justification of the examination. Very
often the assistance of a physicist is a great advantage or even essential.
This assistance shall not be neglected when dealing with a therapeutic
procedure. The roles of the national radiation protection institutes
should include knowing the doses resulting from different medical ex-
posures and in some special cases they should specify performance
requirements for the radiological equipments in order to limit the pa-
tient doses from diagnostic procedures or to ensure the accuracy and
precision of the therapeutic dose.

Usually the intention by ICRP can be fulfilled without a complete
monetary evaluation of the total costs and benefits. The role of cost-
benefit analysis can be assumed to increase in the future with the
growing use of non-radiological diagnostic methods such as ultrasound
and nuclear magnetic resonance methods.

Optimization

When the medical exposure has been justified it must still be subjected
to another procedure, optimization (see p. I I). This simply means that
the exposure, and thus the dose to the patient, shall be reduced to a
minimum through attention to the technique and the equipment used.
The cost of achieving proper optimization is determined by the accept-
able a value. From the point of view of radiation protection the a
value chosen should agree with the values used in other applications of
radiation (see p. 14).
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In practice, especially when buying new apparatus, the valid interna-
tional standards for the manufacture of equipment can be used as a
guide for the level of the optimization. Appropriate quality assurance
programs shall be carried out to ensure the technical performance of
the equipment during use. Further, the professional training and edu-

208 cation of the individuals entering the professions involving radiation
or for maintenance of the equipment shall be adequate. Their training
shall be supplemented from time to time to keep their professional
competence up to date.

The quality control which should be carried out periodically both by
the hospital staff and the competent authority also plays an important
role.

Justification

197 In connection with an illness-related examination, the decision as to
whether or not the exposure is justified shall be based upon:

- the correct assessment of the indication for the examination;

- the expected yield of the examination;

- the way in which the results are likely to influence the diagnosis
and medical care of the patients.

When assessing the justification of medical exposure possible alternati-
ve methods shall always be taken into account. Whenever an alternati-
ve method makes it possible to obtain at least the same quantity of
diagnostic information without using the ionizing radiation and with a
lower cost and less detriment, the alternative method shall be used. In
obstetric examinations, for example, ultrasound -examination is usually
preferable.

Typically the fatality risk associated with an x-ray examination varies
within the range 10:4 _ O-6. In the individual case the professional
judgement of the referring physician or radiologist is that the propo-
sed medical exposure is useful. Since the expected benefit to the pa-
tient typically exceeds this risk, it is unreasonable to compare this
magnitude of risk with the possible benefit considered in advance for
the same individual. According to the ICRP recommendation the cost-
benefit analysis should, however, be population-based and not based
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on the analysis for each individual case only. In particular, this applies
to the acceptance of the radiological procedure for routine use with
certain indications. The question to be evaluated is the role of radiolo-
gical examination in the diagnostic and treatment strategy.

The main factors affecting this analysis are:

- the diagnostic efficacy, including the sensitivity, specificity and
accuracy of the diagnostic method, and the influence on the pro-
posed treatment and management of the patient;

- the therapeutic efficacy claimed as a measure influencing the
health outcome of the patient or of the population; and

- the health detriment of the diagnostic method used with ade-
quate knowledge of the physical properties and the biological
effects of the ionizing radiation.

In addition, appropriate bookkeeping should be arranged concerning
the retakes in diagnostic x-ray procedures. This should also include
analysis of the reasons for the retakes.

201 In the case of mass-screening examinations, the benefits of screening
are not always the same for different groups in the population and
screening will often be justified only after an optimization procedure
involving limiting the population to be examined to certain specified
groups. The screening program shall include frequent evaluations in
this respect.

206 Because of the risk of radiation injury to any embryo or foetus the
possibility of pregnancy must be taken into account by the physician
when deciding on an examination that involves the lower abdomen
and pelvis of a woman of reproductive capacity. In addition, the tech-
nique used shall ensure minimizing the exposure to the embryo. With
due consideration to the need of an early examination it shall be plan-
ned to be made during the ten-day intervals following the onset of
menstruation. In addition the tenth to the seventeenth week should
be avoided.
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The consequences for non-stochastic effects

In situations in which the exposure is limited by consideration of the
risk of non-stochastic effects, the doses due to natural radiation and
to medical exposure should in principle be included. This should be
relevant only when large medical radiation doses are involved.

93 First, we consider the case in which a worker occupied in radiological
work has undergone a medical exposure of part of the body (an or-
gan). If the work is such that this part of the body will receive a large
dose, the working situation should be reviewed by the physician who
decides the suitability of the employee for the radiological work.

If, on the other hand, it is a question of medical exposure of an organ
which has already been substantially exposed as a result of radiologi-
cal work it is not a matter to be determined by the normal radiation
protection supervision. The effects of additional doses, for example in
radiation therapy, should then be one of the factors taken into
account by the physician prior to the treatment.

204 Other considerations

Examinations or treatments forming part of a medical research prog-
ram should only be given with the consent of the authorities in charge
of the institution where the irradiation is to take place, as advised by
an appropriate expert body and subject to local and national regula-
tions. On, some of these occasions authorized limits may be appropria-
te. The estimated risks of the irradiation should be explained to those
involved, who should be volunteers fully able to exercise their free
will.

For the systematic examinations used in mass-screening the justifica-
tion of the practice will require limitation of the collective dose equi-
valent to the population in question. This and optimization of protec-
tion will mean, as a practical measure, a set of performance values for
the x-ray equipment to be used, e.g. in mammography and chest ra-
diography. The maximum entrance absorbed dose measured by using
a specific phantom is a value which can advantageously be used as a
performance characteristic.
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5.3 Exposures of the public

117-128 Dose equivalent limits for individual members of the public

The basis for the ICRP dose limits for individual members of the pub-
lic is an assumption as to the level of risk which can be re arded as ac-

118 ceptable. It is stated that a fatality risk in the range 10'9 to 10-5 per
year would be likely to fulfil this criterion. With a risk factor of

119 2 10-2 SV-I this corresponds to 0.0 - .5 mSv/year. In earlier publi-
cations ICRP has recommended a dose equivalent limit of mSv/year
which thus corresponds to a higher risk.

Which dose limit should be selected on the basis of what has been
stated above is of course dependent on the significance attached to
the limit. The interpretations given below are mainly based on the ar-
guments given in ICRP Publication 26.

The dose equivalent limit for individual members of the public shall be
1 mSv per year. This limit applies to the average value of the effective
dose equivalent over a sequence of years. For any single year higher

120 dose equivalents are permissible. The limit which then applies is mSv
in a year.

The planning of a practice which is expected to involve exposure of
the public, for example the release of radioactive substances, shall in-
clude assessment of the resultant dose to the critical group. If this
group can be defined and the doses are assessed on the basis of realis-
tic assumptionsthe dose limit to apply shall be I mSv/year. What this
means is that the radiation protection devices which affect the doses
to the public shall be chosen on the basis of the optimization principle
and with the upper boundary condition that the total doses to indivi-
dual members of the public shall be less than I mSv/year. For certain
years this may result in a practice making contributions which exceed
1 mSv/year even for individuals who do not have exceptional habits.
The upper limit in this case is mSv/year.

When a practice is being planned there is not always sufficient infor-
mation available to make it possible to make realistic assumptions as
to the resultant doses. If the doses to the critical group are assessed
conservatively it would be permissible for mSv/year to be used as
the upper boundary condition in optimized planning of dose-limiting
measures.
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As was pointed out above, the dose limit applies to the sum of the do-
ses received by the individual as a member of the public. In the case of
the critical group, for example, the contributions taken into account
should include those from consumer products and those from releases
from activities other than that for which that critical group was defin-

120 ed. Furthermore, the possibility that an individual may form part of
more than one critical group should be taken into account. It is im-
portant to emphasize what is stated by- ICRP concerning the impor-
tance of the national authorities keeping the whole exposure situation
under control so that one source or one practice does not by itself
contribute to too large a proportion of the permissible dose to the in-
dividual. Therefore, it is normally appropriate to define for each
source an Upper Bound as a boundary condition for optimization. his
upper bound would be only a fraction of the dose limit for members
of the public.

The global distribution and the cumulative effects over a period of
time of radioactive releases must be taken into account. Some radio-
active substances accumulate in the environment and it is then the
equilibrium value or the highest accumulated value which shal be
used. A practice may increase in extent with time and thus increase
the accumulated dose committed for in the future. This has been
taken into account in the calculation of the maximum permissible re-
leases from nuclear power stations. Only a small portion (10%) of the
limit for individual members of the public may be used for releases
from nuclear power stations and the future doses have been calculated
taking into account both the accumulation of radioactive substances
in the environment and an anticipated expansion of nuclear power.

It is pointed out that for the calculation of the dose equivalent result-
ing from a specific intake of radioactive substances it is essential to

127 take into account the fact that children have organs of a different size
and different metabolic characteristics in comparison with adults.
Thus the ALI values for workers cannot easily be transformed so as to
apply to children. The question as to whether another set of wT values
should be applied in the case of the exposure of children is not dis-
cussed. However, the wT values recommended for workers cannot be

125 regarded as applicable to children in this connection and must be used
with discretion.
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126 ICRP recommends special limits for the protection of individual mem-
bers of the public against non-stochastic effects. The limit for the an-
nual effective dose equivalent is SO mSv.

129-132 Exposure of populations
218, 219,
220

At an earlier stage the question of genetic risks formed a prominent
part of radiation protection philosophy. In order to avoid unacceptab-
le effects on the genetic material it was considered necessary to impo-
se a limit on the average radiation dose to the entire population and
this was set to 50 mSv in 30 years.

Since then the views on genetic risk have changed. There seems to be
no threshold associated with the genetic effects. No limit for popula-
tions is recommended in ICRP Publication 26. It is stated that the ave-
rage dose to the population is expected not to exceed 0.5 mSv/year if

130 the ICRP system of limitation is introduced.

It is important to follow the development of radiation sources to en-
sure that the exposure of populations does not increase in an unexpec-
ted manner. Up to now it is primarily the exposure caused by nuclear
power that has been assessed paying regard to the future development
of this source of energy. The aim is to limit the future individual do-
ses. In order to achieve thisa limit on the collective dose commitment
has been set, related to the installed electrical power. The starting
point for the chosen limit has been an assumption concerning the
longest time for which energy would be produced from uranium, and
the global installed power. The limit chosen thus implies a ceiling for
the doses which it is possible for man to receive due to this source of
energy in the future.

Apart from releases during the nuclear fuel cycle it is at present prin-
cipally consumer products which could conceivably make appreciable
contributions to population doses. As an example of another field in
which appreciable contributions might be made to the collective dose
the use of radioactive sources in schools should be mentioned. In this
case it is a question of significant population groups both of pupils
and of teachers. The completely dominant contributions from natural
sources of radiation have not been included in this comparison.
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220-227 The release of radioactive materials into the environment

221 All releases of radioactive substances into the environment should be
subject to authorization. The authorization should be based on pre-
operational studies, except in case of trivial releases. The studies should
include assessment of the dose equivalent commitment to the critical
group and the collective dose equivalents and collective dose-equiva-
lent commitments.

The ICRP dose limitation system in the context of releases into the
environment is thoroughly discussed in the present Nordic recommen-
dations. However in the application of the dose limits the concept of
effective dose should be used instead of the critical organ concept.

In special cases (e.g. accidental releases) the concept of critical organ
doses may still be useful.

The assessment of doses to man from radionuclide releases into the
environment is dealt with in more detail in ICRP Publication 29 and
the principles for establishing release limits in the IAEA publication
No 45 in the Safety Series.

In applying the ICRP recommendations, it must be recognized that
many present practices give rise to dose equivalents that will be re-
ceived in the future. These dose equivalent commitments should be
taken into account so that necessary developments of present or futu-
re practices would not be liable to result in undue exposure of any
members of the public.

It follows that the dose limits are not affected by the number of indi-
viduals exposed, but the degree of justification needed for any practi-
ce, and the point at which exposures can be said to be as low as is
reasonably achievable, do depend on the number of exposed indivi-
duals or, more precisely, on the dose distribution over the exposed
group. In assessing these aspects, the collective dose and the collective
dose commitment are useful concepts.

When limiting the discharges resulting from present practices the futu-
re radiation sources can be taken into account by assessment of the
dose commitment and the collective dose commitment per unit of
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practice (e.g. per MW(e) - a). These concepts allow the prospective
control of individual doses from continuing operation of present
practices and future multiple sources.

Each year of operation of a continuing practice can cause exposures in
the future which should be added to the contributions of other years
of operation of the practice. The dose rate resulting from the combin-
ed effect of all such contributions reaches a steady state, or a maxi-
mum if the practice is discontinued in the future.

A rough approximation of the future maximum dose rate from mul-
tiple future sources can be obtained by using the collective dose com-
mitment per unit practice.

To estimate the maximum future dose rate the incomplete dose com-
mitment, integrated over a time equal to the duration of the practice,
is used if no steady state has previously been reached.

To achieve the proper control of present and future sources discussed
above, it is necessary to limit by upper bounds both the annual dose
to the critical group (individuals) and the collective dose commitment
per unit practice. The two upper bounds are interrelated and their se-
lection should be consistent.

133-135 5.4 Accidents
188-194
242-243
133-135 Accidents and emergencies

An accident or emergency which results in the exposure of humans
either directly or indirectly (via foodstuffs) over a long period may
warrant the initiation of special measures for the reduction or preven-

134 tion of future doses. This presupposes that these measures do not
cause greater detriment than the anticipated harm due to the radiation
dose eliminated by the measures.

A measure to reduce the consequences (from an economic and/or ra-
diation protection viewpoint) of an accident may be an action taken
by one or more persons resulting in large doses to themselves. In accor-

113 dance with paragraph 113 in such situations workers may be allowed
to receive a dose from a single event of not more than 0.1 Sv. Actions
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involving doses exceeding 01 Sv may only be taken on a voluntary
basis (a higher limit may apply in the case of special emergency staff).
The decision to allow such an action must be based not only on accu-
rate information concerning the doses and the risks which the result-
ing doses may involve but also the potential risks for much higher dos-
es or any other serious occurrence which might arise during the rescue
operation. This is a special requirement for groups occupationally
employed in rescue work, for example fire brigades, police, ambulance
personnel and the like.

Other measures might involve prohibiting contaminated products,
foodstuffs, or the use of land for permanent or temporary occupation,
dwellings or agriculture. The prohibition might affect large or small
areas and be in force for long or short periods. The dose or activity li-
mits which would apply cannot be determined in advance. They would
be dependent on the degree of contamination and the half-life. How-
ever, it would be an especially extensive contamination (regarding the
number of products, the amount of foodstuffs or the area of the af-
fected region) if a prevention of whole-body doses exceeding 0.1 Sv
during one month and Sv altogether would not be possible or justi-
fied.

At the same time it is also possible that in a given situation it could be
argued that it was unwarranted to take a particular action if the dose
saved was less than some specified value. A non-action level can be de-
fined partly using this approach. This level coincides with the lower
end of the interval specified for the intervention level. For example
from the cost-benefit point of view it would be directly unwarranted
to prohibit the use of contaminated milk having a level of contamina-
tion of 800 Bq 1131 per litre. In the case of higher levels of contami-
nation discarding the milk might be reasonable but it might also be
unjustifiable if there was no other milk with which to replace it.

A high level of contamination of the ground can make a place unsuit-
able for permanent or temporary dwelling for a short or long period.
If the doses are lower than those which would imply a serious risk of
injury to a fetus < 0 I Sv) or, for adults, a serious risk for non-stoch-
astic injury <1 Sv in a short time) a decision as to whether or not to
dwell there will be the result of weighing between the net social cost
of living or not living there and the individuals' own estimates of the
risks to which they expose themselves by living there. An important
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factor in this connection is thus the feasibility and the costs of decon-
tamination measures. The number of possible combinations is too
great to make it possible to give any usable guidelines.

118-194 Intervention in abnormal situations

189 The emergency plans, which should as far as practicable be drawn up
in advance, shall have three clearly distinguishable objectives:

to restrict exposures as far as is reasonably achievable and, in
particular, to attempt to avoid exposures above the dose-equiva-
lent limits,

to bring the situation back under control,

to obtain information for assessing the causes and consequences
of the event.

By intervention the consequences of unavoidable exposures shall be
minimized and immediate medical first aid to individuals provided.

Due to the great variability of the circumstances in which remedial
action might be considered, it is not possible to establish intervention
levels appropriate for all occasions. However, with certain types of
accidents that are to some extent foreseeable, it may be possible for
competent authorities, by making an analysis of the costs of the acci-
dent and of remedial action, to establish at least non-intervention le-
vels. If the vaf ue of the monitored quantity does not exceed or is not
expected to exceed the non-intervention level, it is highly improbable
that intervention will be required. Because intervention is liable to in-
terfere with the normal operation, or in some cases to disrupt the nor-
mal chain of responsibilities, it should not be undertaken lightly.

The decision to initiate counter-measures is justified only when their
social cost, including social inconvenience, and risk will be less than
those resulting from further exposure. However, those responsible for
the health and safety of workers and of individuals outside an estab-
lishment will need to have an emergency plan including dose levels at
which various counter-measures would have to be considered. The
establishment of such intervention levels for particular circumstances
is the responsibility of the competent authorities.
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No general agreement exists on the dimensions and probabilities of
the accidents that need detailed plans for counter-measures. However,
there are certain measures that most likely must be taken in case of an
accident connected with a given type of source, regardless of the di-
mensions of the accident.

An emergency plan should therefore always include items such as:

- alarm systems (inside and outside the establishment),

- responsibilities of personnel,

- monitoring,

- information and communication systems,

- guidance of personnel.

With large radiation sources such as nuclear power installations the
choice of level of ambition for emergency planning is often made by a
political decision which takes into account factors that are difficult to
quantify (Appendix 2.

188-194 Occupational exposure in abnormal situations

Occupational exposures may occur as a result of abnormal situations;
they include emergency exposure and accidental exposure. Emergency'
exposures may arise from justifiable emergency operations during or
immediately after an accident. Accidental exposures differ from emer-
gency exposures in that they are unavoidable and unforeseen.

Intervention levels which could result in doses in excess of the relevant
doses specified on page 19 are acceptable for workers in emergency
teams in emergency operations during or immediately after an acci-
dent and shall be planned by competent advice from qualified experts.
Such intervention levels together with the appropriate actions for limi-
ting the exposure shall be clearly defined in the operating instructions
within the limits of planned special exposure, i.e. the committed dose
equivalent shall not exceed twice the relevant annual limit (100 mSv
for occupational radiation workers and rescue personnel such as fire-
men) in any single event, and, in a lifetime, five times this limit 250
MSV).
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Planned special exposures should not be permitted for women of re-
productive capacity unless there is a positive knowledge that the wo-
man in question cannot be pregnant.

191 Should an emergency operation require that some workers incur emer-
gency exposures in excess of the limits applicable to a planned special
exposure, such an emergency operation may be considered as justified
only when it is an urgent action to:

a) save life;

b) prevent injuries;

c) prevent a substantial increase in the scale of the accident.

In any case such workers shall:

a) have received information about risks involved in exposures
above the limits;

b) be volunteers.

Bearing in mind the special case of armed forces, police and fire briga-
de personnel who may not be volunteers for the specific rescue opera-
tion, special training shall be provided and updated.

192 Once the initial event has been brought under control, the remaining
remedial work could usually be conducted while maintaining compli-
ance with dose equivalent limits. Exceptionally, there may be situa-
tions in which consideration should be given to the appropriateness of
authorizing a planned special exposure for a limited number of indivi-
duals to carry out various essential operations, leaving the remainder
to be done in compliance with the limits.

193 Should, as a result of abnormal situations, individual workers be se-
riously exposed or contaminated, information that will help in estima-
ting doses and intakes should be collected. This can include dosime-
ters, excreta samples for bioassay, whole body counting or other kind
of monitoring, chromosome analysis or infonnation about the circum-
stances of the accident.
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However, the need to control contamination should not interfere with
first aid and subsequent treatment of individuals who require medical
attention for other reasons.

194 If the dose or the intake of radioactive material exceeds twice the an-
nual limit for workers, the case shall be subject to appropriate medi-
cal review which might include analysis of chromosome aberrations.
An investigation shall be made into the causes and consequences of
the abnormal event. Consideration shall be given to the need for any
restriction on the future employment of the overexposed person. He
may still be allowed to continue routine work if there is no objection
from the medical standpoint, due account having been taken to his
previous exposures, health, age and special skills as well as his social
and economic responsibilities.

The event may, however, have demonstrated characteristics in indivi-
duals indicating unsuitability for further employment in similar work.

242-243 Abnormal exposure of members of the public and counter-measures

When establishing or approving counter-measures, competent authori-
ties shall take account of the fact that most counter-measures that can
be applied to minimize the exposure of members of the public after
an accidental release of radioactive materials cause some detriment to
the persons concerned, whether it is a risk to health or some social
disruption.

The benefit resulting from counter-measures (i.e. the reduction of ex-
posures) should therefore be balanced against the resulting detriment.
Counter-measures should only be introduced when a positive net be-
nefit to the relevant population is expected.

Intervention levels shall be based on the projected effective dose equi-
valent or, in cases of special radionuclides (such as iodine-13 1) released
in accidents, on certain organ doses (e.g. the thyroid).

243 An emergency plan should be prepared for all situations where mem-
bers of the public may be subjected to a significant accidental expo-
sure. The emergency plan for the installation shall be prepared by ope-
rators and approved and enforced by the authorities. The authorities
shall have their own emergency plan for the area outside the establish-
ment and this plan and the operator's plan should be coordinated.
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6 MONITORING

173-183 6.1 Monitoring of occupational exposure

Measurements related to the assessments or control of exposure to ra-
diation and radioactive material are described by the general term mo-
nitoring.

Monitoring programs should be designed to cover clearly defined func-
tions.

173-174 Monitoring of the workplace

Monitoring of the workplace includes the following:

- Routine monitoring of the working environment, associated
with continuous operation, is intended to show that the working
environment is satisfactory. The monitoring is mainly of a con-
firmatory nature and provided that the results are satisfactory,
no further action need be taken. In Working Condition B, where
individual monitoring is not required, routine monitoring of the
working environment should occasionally be carried out in order
to confirm the correctness of the area classification.

- Operational monitoring is intended to provide a check on a par-
ticular operation and to provide, if necessary, a basis for imme-
diate decisions on the conduct of the operation.

- Special monitoring may cover either a situation in the working
environment where insufficient information is available to achie-
ve adequate control, or an operation which is being carried out
either for the first time or in abnormal circumstances.

Individual monitoring

Workers designated as working in Working Condition A should be sub-
jected to individual monitoring. The primary objective of the indivi-
dual monitoring is to obtain an estimate of the total dose equivalent
or committed dose equivalent for the worker. Individual monitoring
comprises monitoring of external radiation by one or more doseme-
ters worn by the worker. It also comprises monitoring of internal con-
tamination by whole body or organ counting, personal air monitoring
and monitoring by analyzing excretion.

47



Apart from the primary objective, individual monitoring may provide
information about the conditions at the workplace and may also play
a significant part in special monitoring programs. The results of indivi-
dual monitoring programs may also provide a basis for estimations of
collective doses from various activities.

In some situations involving external occupational exposure, the radia-
tion energy may be low and the irradiation geometry inhomogeneous.
In these cases, one personal dosemeter cannot supply all the relevant
information concerning organ doses or the effective dose equivalent.

This has to be considered in evaluation of the results of personal mo-
nitoring programs and particularly in assessing collective dose equiva-
lents from various activities.

For personal dosemeter readings close to or above the relevant dose li-
mit, it may sometimes be relevant to estimate the true effective dose
equivalent, applying a realistic model of the irradiation conditions.
The appropriate course of action may then be based on this estima-
tion of the effective whole body dose equivalent.

The dose equivalent limit for the lens of the eye is 150 mSv. As the ra-
diation absorption in a protective lead apron wom in medical x-ray
departments is 90 - 100% for the diagnostic x-ray energies, the annual
limit to the eye may be exceeded before the dose to a lead apron
shielded personal dosemeter reaches 50 mSv. If the occupationally ex--
posed workers in medical x-ray departments wear their personal dose-
meter unshielded by the lead apron, it should by preference be placed
close to the head and neck region.

175-181 The use of protection standards in the interpretation of monitoring
results

In many situations the result of a monitoring program cannot be di-
rectly compared to the basic limits. The interpretation may depend on
such factors as the way in which workers move and make use of their
environment and on biological and physiological parameters in human
beings. For example, the relationship between a measurement of sur-
face contamination on the floor and the basic dose equivalent limits is
exceedingly complex and so is the relationship between the results of
excretion analysis and the corresponding organ doses.
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In these circumstances, use can be made of derived limits in order to
make the interpretation of the monitoring results easier. In setting the
derived limit, the intention should be to establish a value such that ad-
herence to it will provide virtual certainty of compliance with the
basic limits. By contrast, failure to adhere to the derived limit will not
necessarily imply a failure to achieve compliance to the corresponding
basic limit and may lead only to a more careful study of the circum-
stances.

Authorized limits may also be applied in individual monitoring prog-
rams and are essential in the monitoring of operations where only part
of the dose equivalent limit or secondary limit can be committed to
the operation.

Reference levels, especially investigation levels and recording levels,
178 play an important part in routine monitoring programs. Since there is

no ICRP recommendation on individual monitoring in Working Con-
dition B, it is often appropriate to use the figure of three-tenths of the
dose equivalent limit or derived limit as an investigation level.

However, an investigation level has to be set in relation to a single
measurement, and it is most appropriate to base the investigation level
on the fraction of three-tenths of the limit corresponding to the frac-
tion of a year to which the monitoring measurement refers.

179 In monitoring of particular operations. the choice of an investigation
level depends on the number of occasions on which similar events are
expected to occur during a year.

181 Recording levels should be set substantially lower than investigation
levels and ICRP recommends that the level should be based on an an-
nual dose equivalent or intake of one-tenth of the annual limit. This
could, however, result in large population doses being ignored; the ba-
sis for establishing collective doses from various activities would then
be lost.

The didactic effect on the working habits provided by the monthly
dose report is another argument for a lower recording level.

182 For the special case of monitoring of the skin, two situations occur in
routine practice. For external radiation a dose equivalent is measured
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by one or two dosemeters and the result is regarded as representative
for the whole, or substantial areas of the skin. The dosemeter readings
may then be directly compared to the limit of 500 mSv for the shal-
low dose equivalent index and the skin and no problems of averaging
then arise.

In the second situation the irradiation results from surface contamina-
tion of the skin. For routine purposes it is adequate to re ard the con-
tamination as being averaged over areas of about 100 cm and to rela-
te the average value to the shallow dose equivalent index and skin li-
mit of 500 mSv.

In cases where there are reasons to believe that the contaminated area
is substantially less than 100 cm2' this fact should be taken into consi-
deration. Normally, the contaminated area should not be considered

2less than I cm

183 In case of accidents, more detailed information should be sought on
the distribution of absorbed dose, dose equivalent or contamination.
The average dose equivalent over I cm2 in the region of the highest ir-
radiated area should be estimated, and the dose equivalent limit should
be compared to this value.

If the dose distribution is extremely non-uniform, the local dose distri-
bution should be assessed to predict possible local skin reactions. It is
inappropriate, however, to relate such localized absorbed doses to the
dose equivalent limit.

238-241 6.2 Monitoring of environmental exposure

238-239 Monitoring in normal conditions

Monitoring of environmental exposures consists of

a) surveillance of the source by monitoring of discharges,

b) monitoring of the environmental pathways to man.

The objective of the monitoring of environmental exposures is to eva-
luate individual and collective dose equivalent commitments to ensure
compliance with authorized limits.
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Surveillance of the exposures can be achieved by

- surveillance of the source, which would include monitoring of
discharges and estimating the dose equivalent commitments by
using environmental models. The monitoring of the source con-
stitutes the basic control requirement in contrast to monitoring
of pathways;

- monitoring of environmental pathways, to ensure that the criti-
cal groups of the population are adequately protected. Surveil-
lance should be carried out in all places where critical groups
may be present. Environmental monitoring should also be car-
ried out in other areas where people could be affected by a given
source. It should be emphasized, however, that the levels in the
environment are usually extremely low and partly due to mul-
tiple sources, thus primary reliance should be based on monito-
ring of the source;

- in some cases radiological surveillance should be applied to indi-
vidual members of the critical group.

Radiological surveillance shall be conducted at such frequencies as is
deemed necessary by the competent authority to assure compliance
with the authorization.

The results of radiological surveillance shall be examined with a view
to verifying or modifying the assumptions used in the environmental
models used in deriving release limits and estimating dose commit-
ments.

Records relating to the measurement of external exposure and radio-
active contamination, and to the estimates of doses received by the
population, shall be property filed. All values of releases of radioactive
material to the environment shall be recorded to conform with the re-
quirements of the national competent authorities.

Environmental monitoring can have oiher additional objectives such
as:

- improving the knowledge of the discharge-dose relationship as
regards the important pathways to man,

- making it possible to keep a check, from outside the plant, on
unexpected discharges,
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providing a better basis for informing the public on the contami-
nation of the environment.

241 Monitoring in abnormal circumstances

The special monitoring required following an accident shall have the
following objectives:

a) collection of information necessary to assess the situation and
to decide the need for intervention, which generally means de-
termining what parts of the neighbouring environment are affec-
ted and to what degree;

b) provision of data for estimating the exposure of te public;

c) collection of information with the aim of improving the predic-
tion of consequences in such situations.

Any accident involving the exposure of the population to radiation
must be reported as a matter of urgency by the management of the in-
stallation to the appropriate competent authorities.
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Appendix I

OPTIMIZATION

Examples of the optimization of designs etc.

I Shielding

Both the cost X and the collective dose can be expressed as func-
tions of the thickness w of the shielding, thus

F(w = Xw) + aS(w)

There exists a value wwo for which Fw) has a minimum, i.e.

dF = or dX dS

dw dw dw

It is not unusual for radiation shielding to be designed principally so
that the surface dose rate fo is approximately 25 pSv h-1, i.e. so that
the highest possible annual dose will be 50 mSv. However, the doses H
actually received will be considerably lower, a factor f lower leading to

H = f -Ho 

where t is the time. If f = 0. 1 the collective dose amongst N workers
will be

= N 0. -Ho ' t

Would it pay to make a further increase in the thickness of the shield-
ing? If so, what is the optimum thickness?
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Assume the thickness to be increased by w and the area to be A.

S(w = N 0.1 -1�0 t - e-Pw

X(w)=w -A C

dX = _aLS

dw dw

dX A
dw
dS N p e-Pw
- - Ho 0.1
dw

-,Uw= C A
a f 0.1 t N0

For large massive shielding A/N is relatively constant. The constant�
are assumed to have the following values.

A = 5 m2/person
N

a = 2 - 104 $/manSv

t = 20 years

C = 200 $/m3 concrete (materials +nstallation)

A = 0 nSv/year 25 W Sv h-1)

P = 14 ml

Thus we obtain a value of w giving e-Pw = 01 and the optimum value
is found for an addition to the shielding of a further tenth of the thick-
ness.
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2 Ventilation

Q M 3
C Bq m3

Q 3s7i

The ventilation rate in a laboratory is Q m 3S'l. The radioactive inflow
from leaking apparatus, from patients, from dust-generating work and
the like is assumed to be A Bq s1. At equilibrium we have the condi-
tion that

� = C 

where C is the concentration in air. The cost of the ventilation con-
sists of the installation (Xi) and the operation Xo)

X = Xi X0

Both of these are assumed to be proportional to the air flow = the ca-
pacity)

)� = f Q

xo = fo Q

The collective radiation dose per year is proportional to the number
of persons N, the dose factor Fd, and the concentration C(Q)

S = ft - N Fd 'C(Q = ft N Fd
Q

ft is an occupancy factor.

In order to find the optimum ventilation rate we must solve the equa-
tion

dX dS

dQ dQ

which gives us
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ft a N - Fd 'A
ti , 10 2

Q

-ft a N -Fd V2
Qoptimum

- fi + fo

The problem can also be expressed as follows. How much must the
ventilation be improved in order to have an optimum (op) value in re-
lation to the lowest ventilation rate QL required to give the highest
permissible radiation dose DLWC seek the relation

rQ = Qop

QL

DL = ft CL Fd

where CL is the concentration in air corresponding to the dose limit

DL,
ft Fd

QL CL = A QL =-D
CL L

Qop DL
r
Q A It Fd

2 '2N DL

rQ (f + fo) ft 

56



If we assume the radioactive substance to be 1311 and the factors in
the expression for rQ to have the following values:

N = IO persons

1A = 370 MBq h-

U 4 107 3 manSv-I

fi + fo

Fd 0.20 105 Sv 3 . GBq'1 YI

DL 0.5 Sv y'l

we obtain rQ = 4.

3 Radon in dwellings

C v h1

A <

The presence of radon in dwellings is due to radon emission from
building materials, water and the ground under the house. In general,
the radon emission is not known. However, the following relation is
assumed to apply between the concentration C in air and the ventila-
tion rate v:

co ' vo
=

v

The concentration C' of radon daughters is expressed as the equilibri-
um concentration of radon using the relation

C = F C

where F is the equilibrium factor for radon daughters.

57



F - C is the radon concentration for wich the daughters in equilibri-
um with the radon have the same potential alpha energy as the radon
daughters in the actual case. Using the relation that 100 pCi (of radon
in equilibrium with its daughters) is equivalent to WL, C' can be
expressed in WL units. F can be expressed using the approximate for-
mula

F = .5 (-0.3 -v 0.85).

The factor 0.5 is empirical and is due to the absorption of radon
daughters on walls and the like.

The following formula then applies

0.2 < v < 1.5 h1

The collective dose S and the cost X are then given by (cf. p. 55)

Sv N -ft Fd vo 0.5 (0-85 _ 03 Co
v

Xv fi v + fo V

where Fd is the dose factor for radon daughters

dX dS V
= a

dv dv

dX X 0
- = fi+ f0 =
dv vo

dSV = N ft F Co vo 04 v-2dv d

2 N - f, F Co 04 -0 dvop= X

0
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If the ventilation rate is increased in discrete steps from v, to v2, the
condition which must be fulfilled if the measure is to be "profitable"
(X0, co, are reference values) is that0

AX X0 <

2 - I 2AS N ft - I'd 'Co vo 04

In dwellings the ventilation is obtained without the special use of fans
by the natural draught in the dwellings. To some extent this can be
controlled by technical measures in the building. The operating cost
is caused bv the heat losses due to the heat transported out with the
ventilation air. If controlled ventilation is installed additional installa-
tion costs arise but the operating costs are still mostly due to the heat
losses. The relation between the ventilation v and the cost +the detri-
ment X aS can be illustrated as in the Figure.

0

X + US

X0 + 
A

X0

SV

Ventilation
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Whether or not it pays to install the mechanical ventilation, i.e. to
move from A to the optimum in the Figure, depends on the radon
concentration in the dwelling. Let us take an example:

N = 25 persons

Fd 2.7 10-5 Sv 3 BqI Y_ I

vo 0.6 li-1

X0 100 $ -1

a= 2 104 manSv-1

The following table shows the relationship between the radon concen-
tration Co with the natural draught ventilation and the optimum ven-
tilation vop.

Co vop

PO 1-1 Bq m3 O

1.4 50 0.3
8 300 0.8

27 1000 1.4

It can be seen that from the point of view of optimization it does not
pay to install mechanical ventilation unless the initial radon concentra-
tion is around 300 Bq m-3 or more.
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4 Releases from nuclear power stations

The following example shows how the stepwise introduction of discre-
te measures results in a level of radiation protection such that in accor-
dance with the principles of optimization it does not pay to go further.

The starting point is a BWR with 0.1% fuel leakage and the stepwise
measures are:

A Sand tank

B Sand tank + recombiner

C Sand tank + recombiner +activated charcoal

D Sand tank + recombiner +activated charcoal +system for in-
active blocking steam.

The problem consists of investigating how long the relation /AS<a
remains valid. The costs and the collective dose commitments are as
follows:

Alternative A B C D

S (manSv) 120 1.6 0.12 0.08

X 106 2.32 3.26 4.66 9.32

AS 118.4 1.48 0.04

AX 0.94 1.4 4.66

AX ($/manSv) 7940 94 104 108
AS

It is clear from the above table that a sand tank and a recombiner are
reasonable investments but that there would be some doubt about in-
stalling activated charcoal. It would appear that a system for blocking
steam represents far too high a cost in comparison with the resulting
reduction in dose since AX/AS >>cv.
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5 Filtration of 129I

At t 1291 s released from reprocessing plants and the TI/2 for
12�'l is 1.7 - 107 years.

What is the degree of retention at which it pays not to release te 1291
but to store it in underground storage for high-activity wastes? It can
be assumed that in this case the iodine is isolated from the biosphere
for 104 years. It is thus the radiation dose to mankind during this pe-
riod which is prevented. The following technical solutions are possible
for the retention of 1291.

Method Decontamination factor

A No action I

B Silver zeolite retention with respect
to dissolved gaseous wastes 100

C Silver zeolite retention with respect
to all the gaseous wastes 500

The costs and collective dose commitments over a period of 104 years
would be as follows:

Alternative A B C

S (manSv) 2.52 103 25.0 5.0

X 106 0 2.4 4.8

AX 2.4 2.4

AS 2.5 - 103 20

AX ($fmanSv) 960 1.2 105
AS

Conclusion: It would certainly pay to decontaminate in accordance
with method and method C would not necessarily be excluded as
unreasonable - particularly if retention for a longer period than 104
years could be anticipated,
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Appendix 2

EMERGENCY PLANNING FOR NUCLEAR INSTALLATIONS

The emergency plan should be based on a study of the radiological
consequences of the radioactive releases following a spectrum of acci-
dents. The plan should be sufficiently flexible to allow its adaptation
to the real situation since this will generally differ from the reference
accident. In particular, the intervention levels and the derived interven-
tion levels should not be applied automatically but should be treated
as reference levels intended for guidance in making decisions and
should be assessed in the light of all the information available at the
time when intervention is being considered. However, actions might
have to be taken before monitoring data are available; these will be
initiated by triggering events and not reference levels.

The emergency plan shall include:

a) a description of the chain of command for daling with the
emergency;

b) an outline of the lines of communication within the facility,
with radiation protection experts and with appropriate authori-
ties outside the establishment;

c) an outline of the special monitoring needed to assess the situa-
tion;

d) a description of the various counter-measures available for mini-
mizing exposures to the public and an explanation of the effec-
tiveness and consequences of these measures under different
conditions;

e) a general description of the manpower and material resources re-
quired to put such counter-measures into effect (the detailed re-
quirements will be determined in the initial stages of the inci-
dent and will depend on the circumstances existing at the time);

f) the intervention levels and derived intervention levels;

g) other provisions considered necessary by the competent authori-
ty.
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To facilitate decision-making, it would be useful to prepare a summary
containing data on critical pathways, nuclides, population groups and
derived intervention levels for various periods following an accident.
An example of topics that should be considered in preparing such a
summary is given in Table .
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Table 1. Topics that should be considered when establishing derived intervention levels

Early phase (hours) Intermediate phase Late phase
(days - weeks) (months, years)

I Critical - direct radiation from the facility - consumption of milk - inhalation of resuspended material
pathways - whole body irradiation from the - consumption of the first - consumption of the second and

plume crop subsequent crops
- inhalation - irradiation from ground - irradiation from ground deposition
- consumption of directly conta- deposition

minated water and food - consumption of water
- inhalation of resuspended

material

2 Critical - noble gases - isotopes of iodine, 89Sr - 9Sr, 137Cs and other long lived
nuclides - iodines 9OSr, 134 Cs, 137cs, 13�Te radionuclides

- particulates (for coreinelt
accidents)

3 Dose concepts - only individual doses - individual and collective doses - individual and collective doses

4 Derived - time integral of concentration - activity of surface contami- - activity of cultivated depth of soil
intervention in air nation - activity in crop
levels - activity of food - activity in mk - activity of potable water

- activity of potable water - activity of crops, vegetation - air activity
etc.

- activity of potable water
- air activity

In the case where the critical radionuclides are the iodines, separate derived intervention levels should be developed for children and adults.



Responsible authorities must decide the intervention levels appropriate
for their conditions and policies. he intervention levels should be
based on individual dose equivalents or intakes but, whenever possible,
derived intervention levels should be expressed in terms that are appli-
cable to the results of the measurements.

It is recommended that intervention levels be defined as a range of
predicted doses specified for different phases after the accident. The
basis for setting the intervention level ranges may be different for each
phase. For example, for the early phase (the period for protection of
the population from inhalation and whole body exposure from the
plume and from deposited material) intervention levels would be based
on individual dose as opposed to collective dose. The ranges for the
other two phases would take account of both individual and collective
doses.

The intermediate phase of exposure may be characterized by two or
more components which would require the consideration of individual
doses for some component and the collective dose of the exposed po-
pulation for the other component. For example, for an airborne re-
lease, food products including milk and water would be the principal
exposure pathways. The intervention level for the limited number of
persons in the nearby contaminated areas would be based on indivi-
dual doses, whereas the collective dose might be more appropriate for
the much larger population gups that would consume the food and
the water contaminated to a lower level and resulting in a much lower
dose to the individuals, but a relatively high collective dose.

For long term exposure adequate time should be available following
the accident to specify appropriate intervention levels based on the
considerations presented in this section. The responsible authorities
would therefore not need to include specific values for intervention le-
vels for the late phase in their emergency response plan. It should be
sufficient to identify appropriate restorative measures in the plan and
their relative costs and benefits in dose reduction.
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