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FOREWORD

This publication is concerned with the subject of limiting releases of radioactive 
effluents during normal, controlled operations of nuclear installations. It does not 
deal with releases from accidents where it is only possible to limit exposures by inter
vention. In practice, a choice must be made between releasing radioactive materials 
directly from an installation, storing them, treating and disposing of them by some 
other means, or some combination of these. Many issues are involved in such 
choices, not all of which are covered in detail in this publication. The appropriate 
protection principles in such cases will be described in future publications of the 
International Atomic Energy Agency.

In 1978 the Agency published guidance on the concepts and principles for 
use by the competent authorities in setting limits for planned releases of radioactive 
material into the environment (Safety Series No. 45). It was envisaged that a series 
of complementary documents would be prepared on the application of these 
principles in various practical situations.

In 1982 the Agency’s Board of Governors approved a revision of the Basic 
Safety Standards for Radiation Protection (Safety Series No. 9) that had been jointly 
sponsored by the Agency, the International Labour Organisation, the Nuclear Energy 
Agency of the OECD and the World Health Organization. These Standards were 
based on the latest recommendations of the International Commission on Radiologi
cal Protection (ICRP), which were issued in 1977 (ICRP Publication No. 26).

Since further rapid development in radiation protection policy was anticipated 
within the next few years, no major revision of Safety Series No. 45 was attempted 
with the revision of the Basic Safety Standards. Instead, an Annex was prepared to 
highlight some of the most important developments. This Annex was published in 
1982.

Since then, further statements have been issued by the ICRP, clarifying 
and expanding the 1977 recommendations. Of particular relevance are ICRP Publica
tion No. 37 on cost-benefit analysis in the optimization of radiation protection 
(1983), a statement from the 1983 ICRP Washington meeting on annual limits of 
intake for members of the general public (Annals of the ICRP 14 1 (1984)), and a 
statement from the 1985 ICRP Paris meeting on the dose limits for members of the 
general public (Annals of the ICRP 15 3 (1985)).

It has therefore now become appropriate to produce this publication as a 
complete revision of Safety Series No. 45 and its Annex. The Agency is planning a 
number of complementary publications on the practical application of the basic 
principles.
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1. CONCEPTS AND QUANTITIES

1.1. Basic principles

1.1.1. Radiation protection is concerned with the protection o f man, while still 
allowing justified activities from which radiation exposure results. The basic 
objectives o f radiation protection are to  prevent such detrim ental effects as tissue 
or organ failure, and to  limit the probability o f induction o f cancer and hereditary 
effects to levels deemed to  be acceptable. A system o f radiation protection 
considered adequate to protect man as an individual is assumed to  protect other 
species as populations although not necessarily as individuals.

1.1.2. The ICRP system o f dose limitation [1 ,2 ]  provides the guiding principles 
for this publication. The principles are:

(a) no practice shall be adopted unless its introduction produces a positive net 
benefit (“justification  of practice” );

(b) all exposures shall be kept as low as reasonably achievable, economic and 
social factors being taken into account (“optim ization  o f p rotection” );

(c) the dose equivalent to  individuals shall no t exceed the limits recommended 
for the appropriate circumstances by the ICRP (“ individual dose lim itation” ).

1.2. Basic requirements

1.2.1. Radioactive materials released to  the environment are sources o f radiation 
exposure to  man. Such releases may occur from nuclear fuel cycle installations, 
including nuclear power plants, from other establishments or laboratories that use 
radioactive materials for medical, research or industrial purposes, and from mining 
operations.

1.2.2. The basic principles o f radiation protection determine the requirements for 
release lim itation. Justification o f a practice refers to  the introduction o f the 
practice as whole (a given application o f radionuclides, electric energy production 
by nuclear means, etc.) and not to  individual parts o f the practice such as the 
management o f radioactive effluents. Acceptance of a practice or the choice 
between practices will depend on many factors, only some o f which are associated 
with radiation protection. For this reason, justification is not discussed further
in this publication. The role o f radiation protection in justification procedures 
is to ensure that the detrim ent from the practice is fully considered in assessing 
the net benefit o f the practice.

1.2.3. The control o f releases must be optimized, i.e. the resulting doses must
be kept “ as low as reasonably achievable, economic and social factors being taken 
into account” . This requirem ent implies tha t the detrim ental effects o f radiation
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from a practice should be reduced by protective measures to  levels such that 
further reductions become less im portant than the additional protective efforts 
needed. Methods for optimizing release control, which are discussed in Section 4.3, 
involve the choice between various control options. O f the available options, only 
those can be considered which result in acceptably low individual doses. The 
criterion for ‘acceptably low ’ can be derived from the basic dose limit. However, 
since that lim it is individual-related, irrespective o f source, account must be taken 
of the presence o f o ther sources, the continued operation o f all these sources in 
the future, and the eventual introduction o f new sources. For this reason a source- 
related limit, lower than the dose limit and called the source upper bound, must 
be set by the com petent authority  as the boundary condition for optimizing. The 
com petent authority  is an authority designated or otherwise recognized by a 
government for specific purposes in connection with radiation protection and for 
nuclear safety. The source upper bound is further discussed in paragraphs 1.5.3 
and 4.2.1 to  4.2.9.

1.2.4. The detrim ental effects o f radiation are classified as stochastic and 
non-stochastic. The stochastic effects are characterized by the probability o f  their 
occurrence being a function o f dose, over a substantial range o f  doses, while their 
severity is independent o f  dose; these are carcinogenic and hereditary effects. For 
non-stochastic effects the severity depends on the magnitude o f the dose and there 
is a threshold dose below which the effects will not become manifest; tissue 
destruction is an example.

1.2.5. Owing to  the existence o f threshold doses, the prevention o f non
stochastic effects is achievable in principle by not allowing doses to exceed dose 
limits selected so as to  be sufficiently lower than the threshold.

1.2.6. For stochastic effects the situation is different. For radiation protection 
purposes it is assumed that there is a proportionality  between dose and the 
probability o f a stochastic effect w ithin the range o f doses encountered in radiation 
protection. A consequence o f this assumption is that doses are additive in the 
sense that equal dose increments increase equally the probability of a deleterious 
effect by a value which is independent o f the previously accumulated dose.

1.2.7. Underlying the im position o f dose limits for individuals are the ideas 
concerning risk from radiation exposure. O ptim ization entails considering the 
detrim ental effects from all radiation exposures associated w ith a source. The 
concepts o f individual risk and of detrim ent in population are discussed in the 
next two sections.

1.3. Risk and quantities related to risk

1.3.1. The word ‘risk ’ is used in this context to  mean the probability that a given 
individual will incur a severe stochastic deleterious effect as the result o f a radiation 
dose.

2
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1.3.2. Under the assumption o f  proportionality (paragraph 1.2.6) the risk to  an 
individual is proportional to  the effective dose equivalent o f  that individual. The 
effective dose equivalent is based on the concept that, at a given level o f  protection, 
the risk should be equal whether the whole body is irradiated uniformly or w hether 
there is non-uniform or partial irradiation. The ICRP has established the 
appropriate weighting factors, wT, for particular tissues, T [ 1 ]. The effective dose 
equivalent, HE, is defined as

where HT is the mean dose equivalent in tissue T. In this report, except when 
specifically indicated, the term ‘dose’ and the notation ‘H’ mean effective dose 
equivalent and HE respectively.

1.3.3. The ICRP has introduced the concept o f com m itted  dose, which is defined 
as the sum o f doses that would be received by an individual over the 50-year period 
following the intake o f a radioactive substance. This concept is needed in order to 
implement the current basis for radiation protection, which is to  limit the lifetime 
risk com m itted in a year, rather than the dose delivered in a year. The period of 
50 years is chosen by analogy to  the form er practice for occupational exposure, in 
which the objective was to  assure that, for continued constant annual intakes, the 
dose would not exceed the annual limit at the end o f a 50-year working lifetime. 
The com m itted dose is a conservative measure o f  risk in comparison with the risk 
associated with an equal dose from external exposure, because o f  the delay in 
delivery o f dose and the fact that severe stochastic effects are expressed only some 
years after the dose. Thus, even though doses to a member o f the general public 
may occur for more than 50 years after an intake, the com m itted dose represents 
an adequately conservative measure o f the average risk com m itted to  a member
o f the public by an intake [3]. For this reason, dose lim itation for intake o f 
radioactive materials by members o f the public is based on the com m itted dose.

1.3.4. The quantity  that reflects the risk com m itted in any one year is the sum o f 
the external dose received in that year and the com m itted dose from intakes in that 
same year. The term  ‘annual d ose’ in this report includes both quantities.

1.3.5. If a practice continues over a long period, long-lived radionuclides 
released to  the environment cause exposures which initially increase with time. 
Since one requirem ent for release control is to  keep the annual dose to  individuals 
below the appropriate source-related upper bound, it is the maximum annual 
dose in the future that must be limited. This can be achieved by limiting the 
(incom plete) dose com m itm ent, ST, to  the critical group from an annual release, 
for each year o f operation o f the practice. This dose com m itm ent is the time

T
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integral o f the average dose rate H (t) in the group caused by one year of 
operation:

T

/ H (t)d t

o

If  the integration period r  is chosen to  be equal to  the expected length o f the 
practice and if  the practice can be assumed to  continue at a constant rate, then 
the dose com m itm ent from one year o f practice is equal to  the maximum annual 
dose in the future. This is illustrated in Fig. 1. It is the annual dose com m itm ent 
rather than the annual dose that should be limited in the case o f continued practices 
that cause doses also in future years because o f long-lived radionuclides remaining 
in the environment.

1.4. Detrim ent and quantities related to detrim ent

1.4.1. The probability (R) o f incurring a severe stochastic effect is assumed to  be 
given by

where H is the effective dose equivalent and r is the proportionality constant. If 
all individuals in a group o f  N receive a dose H, the expectation o f  the num ber of 
severe stochastic effects, n, is

When several groups i composed o f  Nj individuals receive doses Hj, the expectation 
n is given by

The sum 2  H; Nj is called the collective effective dose equivalent, hereinafter 
referred to  as collective dose, and n is the radiation health detriment.

1.4.2. When there is a continuous distribution o f doses over a population, the 
defining sum m ation, S, o f  the collective dose can be expressed as an integral

R = rH

n = rHN

OO

H N (H )dH

o
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a n n u a l  d o s e

t =  1 year

( a )

TIME

FIG. 1. Dose com m itm ent (a) from  first y e a r’s practice A + B + C + D + E, (b) from  second  
y e a r’s practice (shaded area) A + B + C + D + E, (c) under steady state conditions.

where N(H) dH is the num ber o f  individuals incurring a dose in the range H to 
H + dH. The collective dose, S, is an extensive quantity  so that if  there are 
com ponents o f collective dose, Si; the total collective dose is given by
S = 2  Sj.

i

1.4.3. In some cases, the exposure o f the population is delivered at a varying rate 
over a period. In these cases it is convenient to  define a collective dose rate at

5
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time t, S (t), as the weighted product o f dose rate due to  the source and number 
o f  individuals in the population:

1.4.4. The collective dose com m itm ent, (the total collective dose), Sc, due to  a given 
decision, event or defined am ount o f practice, is the infinite time integral o f the 
collective effective dose equivalent rate, S (t), caused by that decision, practice 
or am ount o f practice:

The collective dose com m itm ent is a measure of the total detrim ent to  health 
(as a first approxim ation) from the exposures that result from that source.
F urther discussion o f the concept is to be found in Ref. [4].

1.4.5. The radiation health detrim ent calculated as n = rS neglects the contribu
tion to  the detrim ent o f  generations after the second, and o f  non-fatal malignancies, 
which are not taken into account in the definition o f  effective dose equivalent. 
However, some judgem ents on the relative severity o f  fatal and non-fatal cancers 
show that, in most cases, collective dose provides a good measure o f detrim ent 
[1 ,5 , 6], For specific irradiations o f the skin, gonads or thyroid the collective 
dose based on effective dose equivalent may be augmented to allow for the risk
of non-fatal cancers and hereditary defects after the first two generations [7].

1.4.6. In addition to  the detrim ent to  health from radiation, o ther detrimental 
effects may also have to  be considered in any general optimizing assessment.
The concern, anxiety and discom fort of individuals due to  the presence, or 
hypothetical possibility o f  radiation exposures may need to  be considered.

1.4.7. By definition, collective dose includes all the doses to  all the individuals 
who are exposed as a result o f the source under consideration. Hence, it is not 
permissible a priori to  truncate collective dose calculations in space, in time, or 
at a given level o f individual dose. However, for some purposes it is useful to 
separate out the parts o f the total collective dose which are received by particular 
populations, at particular levels o f individual dose, over particular periods, or at 
different degrees o f  uncertainty.

1.5. Limits, reference levels and exem ptions

1.5.1. A lim it is a value (o f a quantity) that m ust not be exceeded. The primary 
dose limits for individuals, given in the Basic Safety Standards [2], are those

OO

0
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recommended by the ICRP [1 ]. As the primary limits are limits for the total 
dose from all artificial sources (exposures o f patients excluded) they are not 
directly applicable to  any particular source. Source-related limits (referred to  as 
‘upper bounds’) are therefore needed.

1.5.2. Individual-related limits. In practical applications, the individual-related 
primary dose limits serve only as bases for determining source-related upper bounds. 
The value recommended by the ICRP for the limit o f  the annual dose for members 
o f the public is 1 mSv. The ICRP also states that it is permissible to  use a 
subsidiary dose limit o f 5 mSv in a year for some years, provided that the average 
annual effective dose equivalent over a lifetime does not exceed the principal limit 
o f 1 mSv in a year [8], With this lim itation on the effective dose equivalent,
the non-stochastic organ dose limit o f 50 mSv in a year becomes unnecessary for 
most organs [3], Since the dose equivalents in the skin and the lens of the eye 
are not included in the com putation o f effective dose equivalent for the 
individual [9], organ dose limits must still be used for these two tissues. The dose 
equivalent limit recommended by ICRP for both the skin and the lens of the eye 
is still 50 mSv in a year for members o f the public.

1.5.3. Source-related limits. The primary dose limits are related to  individuals, 
irrespective o f  the source o f the exposure, and apply to the total dose from all 
sources subject to dose limitation. Therefore, they cannot, in principle, be applied 
in full to  limit the dose contribution to an individual from a particular source if 
that individual is liable to be exposed to other sources. Instead, a source-specific 
limit, often called an upper bound, should apply to  the dose contribution to 
individuals from any specific single sources or practice. The upper bound, to  be 
imposed by the com petent authority , should be so selected that the envisaged 
total o f sources, present and future, will not cause doses above the primary limits.

1.5.4. A uthorized  limits are limits o f any quantity specified by the com petent 
authority for a given radiation practice or source. In setting authorized limits, 
the com petent authority should consider both the requirements o f individual 
dose lim itation and the principle of optim ization o f protection. It follows
that authorized limits will not perm it doses exceeding the upper bound and that 
they will constrain doses to  even lower levels if optim ization assessments indicate 
that this would be appropriate.

1.5.5. For practical reasons, authorized limits relating to  releases o f radioactive 
materials into the environment are usually expressed as limits o f releases over 
specified periods o f time. The m ethods for choosing such limits are discussed 
in Section 4.

1.5.6. Reference levels are not limits but values o f  quantities used to  determine 
particular courses o f action, e.g. recording, investigation or intervention. These 
levels are defined by practical radiation protection considerations. A reference 
level might be established by the management o f an operation for administrative

7

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



purposes, for example, to  prom pt investigations o f a deviation from previous release 
levels. A reference level can be established for any quantity  used in radiation 
protection , w hether or not a limit exists for that particular quantity.

1.5.7. Some com petent authorities find it appropriate to  define and to  set 
reference release rates for short periods rather than authorized limits. Setting 
the appropriate authorized limit is particularly difficult in new practices where 
some evolution or re-assessment o f optim ization may result in higher or lower 
release rates being acceptable. The reporting o f  a release rate above the reference 
value may be made to  depend on a num ber o f  practical factors — averaging time, 
likelihood o f a continued release at an elevated level — in a more flexible way 
than with a definite limit.

1.5.8. Exem ptions. There is often a proper need to exem pt a justifiable practice 
or source from some particular regulatory concern. Exem ption may sometimes be 
made on the basis o f a generic study showing that the total practice or the total 
num ber of individual sources do not need any extra protective efforts to assure that 
individual doses are sufficiently small and that the extra protection would not 
be w orth while when the possible total detrim ent is considered.

1.5.9. The term  ‘de m inim is’ is sometimes used to indicate dose levels or 
quantities o f radioactive material which would cause only risks which are totally 
negligible. Even though there are undoubtedly levels o f  risk increments which 
would not significantly change the overall radiation risk for the exposed individuals, 
this is not a sufficient basis to  say tha t such exposures would not be of regulatory 
concern. It is also necessary to  know that the collective dose from such practices 
or such a set o f  sources is sufficiently small, even though the collective dose may
be comprised of small doses to  a large num ber of individuals.

1.5.10. A com petent authority  may therefore choose to  exem pt a particular 
practice or category o f sources from defined regulatory requirements because 
individual and collective doses received from it are both so low that they may 
reasonably be ignored.

1.5.11. The cost o f  an optim ization analysis itself would be taken into account 
by the com petent authority  in determining what level o f collective dosfe might be 
ignored. A justifiable practice that leads to  negligible individual doses might 
also be exem pted if  an optim ization analysis indicated that extra protective 
measures would no t be warranted by any reduction in collective doses that could 
be achieved.

8
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2. ASSESSMENT OF INDIVIDUAL DOSE

2.1. Aims and methods

2.1.1. The purpose o f  this assessment is to  determ ine the quantitative relationships 
between the activities o f radionuclides released from a source and the resulting 
doses to individuals.

2.1.2. The general m ethod for assessing the doses to  individuals from a particular 
source has three parts:

(a) The radioactive source term  is identified, including the am ount, composition, 
and time distribution o f  releases; the mode o f the release (i.e. the location 
o f  points o f release and the part(s) o f the environment into which the release 
occurs), and other source-related quantities relevant to  the behaviour of 
radioactive material following its release from the source.

(b) The passage o f radioactive material from the source through the environment 
to  man is analysed, using a mathematical model o f the environmental 
pathways. The analysis o f environmental transport will usually involve several 
exposure pathways, which can occur either sequentially or in parallel.

(c) The doses are estim ated from the exposures to a concentration or quantity 
o f  radioactive material or an external radiation field. The models used for 
these estimations require assumptions on age, sex, and living habits, and 
account for the transfer and metabolism o f radioactive materials in man.

2.1.3. These assessments are required for those individuals most likely to  receive 
the highest doses from the source. For this purpose, the critical group is introduced. 
The group is intended to  be representative o f individuals receiving the highest 
levels o f  dose from the particular source and is defined so that it is reasonably 
homogeneous with respect to  factors that affect the dose received. The quantity  
used is the average dose in the group (see Section 2.3).

2.1.4. The relationship between the release o f a radioactive nuclide and the 
resulting dose com m itm ent to individuals can be w ritten as

Hjkl = fjklQkl

where j = population group
k = release mode
1 = radionuclide
Hjid = dose com m itm ent from the release 
Qkl = activity o f the released radionuclide 
fjki = (overall) transfer factor.
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2.1.5. The transfer factor fjkl should be assessed for all potential critical groups 
since the group tha t is critical w ith regard to  a particular radionuclide 1 and release 
mode k may not be the critical group for the actual releases o f  mixtures o f radio
nuclides. This section discusses how the transfer factor fjkl can be assessed. In 
Section 4 guidance is given on how the transfer factors are to  be used in 
determining upper bounds for releases.

2.2. Exposure pathway analysis

2.2.1. Radioactive materials released to the environment give rise to  radiation 
doses to man through a variety o f  pathways. Representations o f some o f these 
pathways are shown in Figs 2 and 3 for atmospheric and aquatic discharges, 
respectively. The type o f  transport model that should be used depends on whether 
time-dependent inform ation is required or w hether some form o f steady state can 
be assumed. Models for use in the latter case are called concentration factor or 
steady state models while time-dependent models are referred to as dynamic or 
systems analysis models. Publications o f  the ICRP [10] and the IAEA [11, 12] 
discuss these types o f models and their lim itations and strengths when applied to
a variety o f different situations.

2.2.2. In some types o f  facilities, direct external exposure o f the nearby population 
is possible from on-site sources o f radiation. Such direct exposures must be 
considered in assessing the total dose to  a potential critical group.

2.2.3. Effluents from nuclear facilities will have various compositions. The 
environments into which they are released will have different physical, chemical
or biological characteristics. Human utilization o f  the environment and the possible 
modes o f hum an radiation exposure will also vary between environments. The 
situation is potentially very complex, but practical experience at a wide variety 
o f operating sites shows that a comprehensive study o f all possible pathways is 
not always required. An outline study o f  the problems will indicate which 
radionuclides in which potential exposure pathways could be im portant.

2.2.4. In m ost situations, only a few radionuclides in a few pathways will emerge 
as much more im portant than all others. The detailed evaluation o f these radio
nuclides and pathways then becomes the essential task. In some cases the analysis 
may lead to  the identification o f a critical pathway, i.e., the dom inant environ
mental pathway through which radioactive materials reach the critical group. In 
such cases the analysis will be considerably simplified.

2.2.5. The initial dose assessment may have to  be based on a conservative 
relationship between release and dose. The early years o f operation should be used 
to  attem pt to  establish more realistic relationships. During the operational lifetime 
o f the source, a continuing review o f release, environmental, and monitoring data 
may be useful for verifying the appropriateness o f  the pathway models and 
parameters used.
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2.2.6. It is im portant to  use models appropriate to the circumstances o f an 
assessment. That is, great complexity is not warranted when not supported by 
data related to the particular source term or environmental characteristics. In 
analyses concerned with establishing upper bounds, the quantitative relation
ship estimated between release rate and doses to  individuals must be sufficiently 
conservative to  encompass reasonable uncertainties.

2.2.7. In all the analyses the uncertainties in the results should be established.
The uncertainties may arise as a result o f  real variation in the characteristics
o f the environment, as a result o f  a lack of knowledge o f the values o f parameters 
needed in models, or as a result o f the inadequacies o f  models to  describe the real 
world. As far as possible, all these uncertainties should be quantified. In 
addition, the sensitivity o f results to  variations in parameters and assumptions should 
be examined. These sensitivity analyses have the aim o f determining how robust 
the models are and o f identifying those parameters and assumptions which have 
most effect on calculated doses. Thus, in sensitivity analyses it is permissible 
to  vary parameters over a range which is not realistic, simply to examine the 
behaviour o f a model. In uncertainty analyses the aim is quantification o f the 
actual uncertainty in results, so parameters should only be varied over a realistic 
range (or distribution), and correlations between parameters should be taken 
into account.

2.3. The critical group

2.3.1. Identification of the individuals that are considered as the critical group 
for a particular radionuclide and release mode may present some difficulties. The 
ICRP gives general guidance on the m atter [13] and com petent authorities provide 
their own solutions. Where the primary variable leading to radiation exposure can 
be confidently identified, e.g. food consumption rate, and provided a suitable 
distribution o f this variable in the exposed population can be found, various 
statistical techniques are available which may be used to  assist definition of the 
possible critical groups.

2.3.2. In order that the critical group may be relatively homogeneous with respect 
to  dose, the factors which affect the doses received must be identified. The 
major factors are the location, physiologic and metabolic characteristics, and age, 
as well as the dietary and other habits o f the potentially exposed group.

2.3.3. Identification o f  a group on the basis o f the distribution o f any one variable, 
such as consum ption rate or occupancy factor, may not be the final step in the 
process. The group may require further subdivision by age, sex, or individuals 
subject to  additional exposure by way o f other routes.

2.3.4. The nature o f the critical group is liable to  change with time, owing to 
future variations in the use o f the environment to  which releases are made and in the
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location and habits o f  potentially exposed populations. It is desirable to  make 
allowances at the outset for these variations when defining the critical group. This 
may be done by selecting parameters based on maximizing assumptions, e.g. 
based on food production occurring closer to the point o f release than has been 
found really to  occur. If this is not done it is particularly im portant to keep 
critical groups under review and to  amend the evaluation in the light o f any 
changes.

2.4. Calculation of dose

2.4.1. The environmental modelling discussed in Section 2.2 relates the release 
rate o f any given radionuclide from a particular release point to  a concentration 
in an environmental material to  which an individual may be directly exposed. 
Calculation o f  the dose from such an exposure is needed.

2.4.2. The procedure for calculating such doses follows tw o alternative 
procedures according to  the nature o f the pathway. This is the final stage o f  the 
processes depicted in Figs 2 and 3. For external exposure pathways, the dose to 
individuals from concentrations of radionuclides in air, water, or on the ground 
is obtained by applying the appropriate dosimetric models and taking into 
account shielding effects, annual rate o f occupancy, and any other factors 
characterizing the critical group. For internal exposures, inhalation rates, absorp
tion rates, or ingestion, rates of food and water must be estimated and the relation 
between intake and dose must be established by means o f metabolic models.
The ICRP has defined models and parameters which are appropriate for the 
calculations o f doses to  adult, occupationally exposed persons [14, 15]. These 
models and parameters can be used to  calculate doses to  critical groups if:

(a) the physico-chemical form in which the radionuclide is present in environ
mental materials is metabolized in the same way as the form encountered in 
the workplace; and

(b) the critical group consists o f adults.

In all o ther cases, the preferred approach is to  use models and parameters which 
have been specifically defined for the age group, and physico-chemical forms of 
radionuclides, in question. If  this inform ation is not available, the dose per unit 
intake values for workers given by the ICRP [15] could be used, w ith a modifying 
factor to  take account o f possible differences in radionuclide metabolism with 
physico-chemical form and the age o f  the exposed person [2]. It must be 
recognized that the use o f such a modifying factor could lead to  the overestima
tion or underestim ation o f critical group doses [3],

2.4.3. As mentioned in paragraph 2.1.5, the transfer factors, fjkl> should be 
calculated for all potential critical groups in the case o f sources that are a 
m ixture o f radionuclides.
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2.4.4. In cases o f complex combinations o f pathways it may be necessary to 
carry out the analysis over a range o f possible critical groups in order to  identify 
the actual critical group j ' for a particular radionuclide 1 and release mode k.

2.4.5. The total dose will be made up o f a num ber o f components, since account 
must be taken o f  exposure from all release modes and radionuclides. However, 
the critical groups for each radionuclide and release mode may differ. This may 
be significant in determining release limits, because the applications o f controls 
will often be specific to  the various release modes and radionuclides.

2.4.6. Regional and global contributions to  doses from other sources that are 
subject to  the dose lim itation system must also be estimated. These assessments 
will usually be made using the type o f models discussed in Section 3, rather
than through use o f the critical group and critical pathway analyses described above. 
The regional contribution could be assessed, integrating the contributions from 
all present and foreseen sources in the region. As an approxim ation, it can be 
assumed that the dose in any critical group from distant sources is equal to the 
average doses to  individuals in the region and worldwide from such sources (the 
per caput dose) [4].

3. ASSESSMENT OF COLLECTIVE DOSE

3.1. Aims and methods

3.1.1. As discussed in Section 1, the collective dose commitments from releases 
o f radionuclides may be determined for use in optimizing control o f the releases. 
They may also be used to  evaluate the future average dose to  the world population 
from all foreseen releases. It was also noted in Section 1 that the collective dose 
rate is the weighted product o f  dose rate and the num ber o f individuals in an 
exposed population. To a first approxim ation, the collective dose com m itm ent
is the measure o f total exposure o f the population over time from a given release 
and an indicator o f the total detrim ent to  health from the consequent irradiation.

3.1.2. A general m ethod o f assessment o f collective dose com m itm ent is to  divide 
the exposed population into subgroups within which the exposures are reasonably 
homogeneous; calculate, as a function o f time, the average dose rate in each 
subgroup and the num ber o f people in the subgroup and then sum over all 
subgroups and over time. With this general m ethod the values o f the components 
o f the collective dose should be noted and presented together w ith the total value. 
In many assessments the values o f the com ponents most conveniently chosen
are the local, regional and global contributions. For completeness, the occupa
tional collective dose from any control measure associated with the release 
considered should be included.
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3.1.3. In many cases it is possible to use a simpler m ethod for assessing collective 
dose com m itm ent. In particular, for ingestion pathways the collective dose 
com m itm ent can be calculated directly from the total intake o f contam inated food 
or water. Total intake may be evaluated by either measurement or 
mathematical modelling. The disadvantage o f this m ethod is that, unless 
supplem ented by inform ation on consumption patterns and rates, it does not 
provide details o f  the distribution o f collective dose in time, in space, or amongst 
individuals. These details may be required for use in optim ization (see Section 4.3).

3.1.4. The models and parameters used in collective dose calculations should be 
chosen so as to  give realistic estimates o f dose, rather than high or maximum 
values. The modelling used will be similar to those for estimates o f individual 
doses, except that concentrations of radionuclides in environmental com partm ents 
extending over regions and globally will need to  be estimated. Examples o f 
models used for such estimates and applications are given in Ref. [16].

3.1.5. The local population  will normally include the critical group and will be 
geographically close to  the discharge point, or will include consumers o f a locally 
harvested foodstuff who may not live in the vicinity. This local population will 
contain people who, because o f their habits or activities, will receive doses 
substantially greater than the average o f the total population. The habits and 
other factors leading to  exposure in the regional population  may be assessed
in less spatial detail than that used for the local population. The ‘region’ may 
be defined geographically, by the habits o f the group, by limitations o f models 
in predicting dispersion, or by any suitable parameter. Estimation o f the collective 
dose com m itm ent to  the global or worldwide population is normally based on 
relatively simple models. For example, uniform mixing o f a radionuclide in a 
m ajor part o f  the environment might be assumed. Although this global portion 
of the collective dose com m itm ent tends to  consist o f very small individual doses, 
it can be the largest contributor to  the total collective dose since there are so 
many individuals involved.

3.1.6. The estim ation o f collective dose com m itm ents should include all individual 
doses, regardless o f their magnitude and when and where they occur. This implies 
an extensive calculation but, in practice, the extent o f the calculations need only 
be sufficient for the differences in collective dose commitments associated with 
various control options to  be apparent in an optimization. Thus, components
o f the collective dose commitments common to all control options are no t needed 
for the comparison.

3.2. Uncertainties

3.2.1. The types o f uncertainties in pathway models and parameters which 
were identified in Section 2 in the context o f assessment o f individual doses will
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also arise in collective dose calculations. In the case o f collective doses which 
are delivered in the far future, there is also the additional uncertainty about the 
size, location and characteristics o f populations. This can lead to  large uncertainties 
in calculated collective dose commitments from long-lived radionuclides.

3.2.2. The uncertainty associated w ith estimates o f the collective dose 
com m itm ent (and o f  com ponents o f collective dose com m itm ent), will affect the 
importance which a decision-maker attaches to  the results o f an optim ization 
study. It is therefore essential to  quantify, as far as possible, uncertainties in 
collective doses, and to  indicate the influence that they could have on the selec
tion o f the optimum level o f control. In particular, if the uncertainties are so 
large that it is not possible to  distinguish between one option and another on the 
basis o f collective dose com m itm ent, this should be stated.

3.2.3. It should also be recognized that there is an inherent uncertainty in 
estimating numbers o f severe stochastic effects when the collective dose com m it
ments involved are small (less than about 100 man-Sv). In such cases the standard 
deviation o f the number o f such effects is greater than the expectation value. This 
should be borne in mind in optim ization studies and in deciding on the effort to  
be devoted to  uncertainty analyses o f models.

4. SETTING RELEASE LIMITS

4.1. Introduction

4.1.1. Authorized limits for release are set by com petent authorities taking many 
factors into account. If  only radiation safety considerations were to  be applied, 
the release limit would be the result o f satisfying both the upper bound and the 
optim ization requirements. It would be, therefore, the release corresponding
to the result o f the optim ization procedure carried out under the constraint of 
the upper bound (i.e. the result o f  upper-bound-constrained optim ization).

4.1.2. Such optim ization o f the release control systems involves first discarding 
those control options which do no t meet the upper bound requirement. For this 
reason ‘upper bounds for release’ m ust be derived (from the upper bounds of 
dose) for the relevant environmental situation and the applicable com position of 
the effluents. The derivation o f  such upper bounds for release is discussed in 
Section 4.2.

4.1.3. Control options with releases not exceeding the upper bounds for release 
are then subject to  optim ization analysis, by cost-benefit or other m ethods, and 
the optim um  control option is selected, as discussed in Section 4.3. The release 
expected from such an optimal option, with due consideration being given to  the
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fluctuations in release, would be the release limit. The limit should be expressed 
in a form useful for actual application and for regulatory surveillance. These 
practical aspects are discussed in Section 4.4.

4.2. Calculation o f  the upper bound for release

4.2.1. The primary dose limits, which apply to  the sum of all controlled 
exposures o f an individual from all sources, cannot be used directly to control 
the dose to  an individual from one particular source. Instead, a lower, soUrce- 
specific dose limit, the upper bound (UB), applies. This is the boundary 
condition o f  any optim ization assessment of radiation protection and limits 
the exposure o f the m ost exposed individuals (the critical group, see Section 2).
This section deals w ith the calculation o f the corresponding upper bounds for 
release.

4.2.2. The derivation o f the release upper bound proceeds as follows. The starting 
quantity is the individual dose limit. The dose upper bound will be less than this 
by the am ount of the contribution o f present and foreseen regional and global 
sources o f radionuclides and radiation exposure that are subject to  the dose 
lim itation system. A further decrement from the dose limit will possibly be the 
extent to  which a com petent authority may reserve some margin for future develop
ments o f the practice (source) in question or others. The possible longevity o f the 
practice being considered is relevant here.

4.2.3. The com petent authority might set this margin by specifying that the 
maximum annual dose in the critical groups with regard to  a particular practice 
(e.g. nuclear power production) should not exceed a fraction, F, o f the primary 
dose limit. This maximum annual dose to a critical group, which consists o f 
three components, will be limited by

^local + Hregionai + Hgj0j,a] ^  F  X

where the suffixes refer to  the com ponents of the critical group doses and 
is the primary dose limit [17].

4.2.4. Depending on the choice o f F and estimates of the contributions expected 
from regional and global exposures, the com petent authority will arrive at the 
source-specific dose upper bound (Hu b ) ^ at would limit the local contribution 
from the sources which are under its control. That is,

H u b  ~  F  ^ lim it — ^regional ^g lo b al

Any control o f  regional and global contributions would have to  be exercised through 
international agreements.

4.2.5. The upper bound for annual release may be derived from the dose upper 
bound by use o f  the overall transfer factors (fjki), estimated as described in
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Section 2, where j denotes population group, k denotes release mode and
1 denotes radionuclide. If the annual dose upper bound is HUB and the dose 
com m itm ent to  the critical group j ' per unit release o f a radionuclide is fj'kl, then, 
i f  no other radionuclides are released, the release upper bound, R jj, is given by

4.2.6. Normally the situation is much more complicated since many radio
nuclides and release modes may be involved each with its own critical group. The 
dose contribution to each population group due to  a release Rki is given by

H jkl =  fjkl R kl

Therefore, if there are several release modes, k, subject to  a common release 
limitation, but still only one radionuclide 1, it is necessary to  prescribe a set of 
release upper bounds R£i such that

where H yg is the appropriate upper bound and j ' refers to  the critical group 
corresponding to the highest o f the fjkl values.

4.2.7. When the releases o f one radionuclide, 1, are with release modes that are 
interdependent, this expression defines one single set o f Rkl values for the radio
nuclide 1 released. If the releases o f radionuclide 1 can be varied independently, 
Rkl values are not uniquely determined. It should be noted that the critical group 
may change when the proportions between the releases are changed, thus 
necessitating a recalculation of the R£j values using a new set o f fj'kl values.

4.2.8. When a m ixture o f  radionuclides 1 contributes significantly to  the exposure 
o f  the group j ' that is critical for the m ixture and release modes specified by 1 and 
k, the Rki values must satisfy the condition

This condition does no t uniquely determine the upper bounds for release of 
individual radionuclides or for the total releases due to  any one release mode, but 
defines sets o f Rj^ values that, together, constitute a release at the upper bound.

k

k
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4.2.9. Different release modes as well as different radionuclides may involve 
different critical groups, and the group which is the true critical group for any 
particular com bination o f  release modes and radionuclides may also be different, 
depending upon the actual distribution over release modes and radionuclides. 
Therefore, a lim itation based on a realistic critical group may become complicated. 
Two simplifications are possible. One simplification is to postulate the release 
modes and radionuclide composition that are most likely, and to identify the 
critical group for this postulated situation. Release upper bounds Rk[ can then be 
calculated. It may be considered unlikely, as long as each R y  is respected, that any 
deviation from the postulated release characteristics will cause overexposure of 
any new group that may become critical. The other simplification is to  define a 
hypothetical critical group assumed to  have all the characteristics and exposure 
conditions o f  the various groups tha t would be critical for each radionuclide and 
the most critical exposure mode. If this hypothetical group (which has no 
correspondence in reality) is denoted by the j ” , the release upper bounds Rkl 
would have to fulfil the condition

This expression does not uniquely determine the upper bounds for release of 
individual radionuclides or for the total releases by any one release mode, but 
defines sets o f RkJ values that, together, constitute a release at the upper bound. 
The use o f the hypothetical critical group in this case will introduce a considerable 
margin o f safety.

4.3. O ptim ization o f release control

4.3.1. General. F o r routine releases o f radioactive materials into the environ
ment, the main types o f  control options are to provide either storage facilities for 
gaseous and liquid effluents, so that short-lived radionuclides can decay before 
release, or treatm ent facilities which remove radionuclides from the effluent stream 
for disposal by other means. Within these two broad categories there may be a 
num ber o f different options available. The various options should be identified 
and their features examined as far as possible, including capital, operating and 
m aintenance costs, the; implications for waste management, and the effect on 
individual and colieetive doses for both the public and workers under normal 
and accident conditions. There may be a num ber o f complex trade-offs between 
these various features. These include the trade-off between doses resulting from 
contem porary releases and risks associated with disposal o f solid waste, and the

k
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choice between options whose characteristics are known with different degrees of 
certainty. These are probably best handled by decision-aiding techniques which 
take account o f all relevant criteria.

4.3.2. The derivation o f the release, R*, which satisfies the upper bound, has been 
discussed in Section 4.2. As a result o f optim ization a new release, R ', is derived. 
This optimized release will result in a collective dose less than or equal to  that 
associated with R*, and must also satisfy the condition in paragraph 4.2.8

k 1

or the similar one in paragraph 4.2.9.

4.3.3. The initial step in optimizing thus is to  ensure that the releases anticipated 
with control options to be considered meet the requirements of source upper 
bounds. Any that cannot would not normally be considered in the optim ization 
although some reappraisal o f the dose estimations may be warranted if  it is felt 
that the calculations have been unduly conservative. O ther applicable constraints 
have to be considered at this stage; for example, limits on non-radioactive 
contaminants. The final part o f applying the system of dose lim itation is then to 
optimize protection by choosing the control option for which radiation
doses are as low as reasonably achievable using the methods described in 
paragraphs 4.3.4. to 4.3.19 in order to  arrive at the corresponding annual release R '.

4.3.4. Methods. Formal decision-aiding techniques that may be used here include 
cost-benefit analysis and multi-criteria methods [1 ,6 ].

4.3.5. In cost-benefit analysis, the incremental m onetary costs o f radiological 
protection are directly compared w ith the detrim ent reduction resulting from the 
additional control measures. The reduction in detrim ent has to  be converted into 
m onetary terms for the comparison. Comparisons might be made on the basis o f 
some other quantity; the possibilities o f such aggregative methods are discussed 
in paragraphs 4.3.16 to  4.3.19. It has been recognized that o ther decision 
aiding techniques can be useful in considering features o f  control options which 
cannot easily be quantified in a common unit, but which may be ranged by other 
means. The outcom e o f a cost-benefit analysis could be one feature or factor 
considered in such a ranking analysis. Such methods include multi-criteria 
analysis, which will be discussed in paragraphs 4.3.16 to  4.3.19.

4.3.6. Irrespective o f the m ethod used, if the uncertainties in the estimates o f doses 
associated with particular control options are such that there are no significant 
differences between the estimates, then dose will not be an im portant factor in 
selecting the optimum option.
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4.3.7. The objective o f using cost-benefit analysis to optimize protection is to 
identify the level o f protection which minimizes the sum o f  the cost o f protection 
and the cost o f  radiation detrim ent [1 ,2 , 6]. The cost o f the health detrim ent is 
assumed to  be proportional to  the collective dose. Some com petent authorities 
also consider non-health components of detrim ent, the costs o f which are taken to 
be a function o f individual doses as described, for example, in Ref. [6],

4.3.8. In order to  apply cost-benefit analysis to  the optim ization of protection, 
the cost o f protection and the cost o f radiation detrim ent must both be put in 
m onetary terms. The estimation o f costs o f protection is, in principle, a straight
forward procedure, although considerable complexities may arise when detailed 
costs of plant, materials, energy and labour have to  be considered. Typically the 
costs o f radiological protection will involve an initial capital investment with 
operating and maintenance costs over subsequent years. In order to  compare 
alternative protection options with different capital and operating costs, present- 
w orth or annualization m ethods are commonly used to normalize costs [18, 19]. 
These m ethods will give the same ranking of alternative projects, in order of 
increasing costs. O ther m ethods are available, such as crude cost estimation [20]. 
Accounting practices will vary from country to  country; in general the complexity 
o f the m ethod employed in any instance should reflect the level o f  investment 
being considered. It should also specifically include the costs o f  management of 
waste materials produced in the control o f routine releases.

4.3.9. Assigning a cost to  radiation health detrim ent requires a judgem ent by 
com petent authorities on the value o f avoiding the deleterious effects of radiation 
exposure. In making such a judgem ent it may be necessary to  consider many 
factors, including what society is willing to  pay for risk reductions, and the direct 
costs o f prem ature death, for example, the loss o f output and medical costs.
Such considerations are not peculiar to  radiological protection; in principle, similar 
valuations are required in all areas o f health and safety, and methods have been 
developed by those concerned with the allocation o f resources in these areas 
[7, 21, 22]. The ICRP [6] considers in detail the issues involved in these valuations.

4.3.10. When radionuclides are dispersed over national boundaries, the advice 
o f the IAEA [23] should be followed in allocating values to  com ponents of 
estimated collective dose com m itm ent.

4.3.11. When radiation exposures from very long-lived nuclides persist into the far 
future, an assessment o f  the collective dose com m itm ent is highly speculative. In 
optim ization, however, one deals with differences o f collective dose commitments 
between different control options. The period o f interest is therefore only the 
period in which the alternative control options have different influences on the 
exposure pattern. This shorter period for the relevant (incomplete) collective 
dose com m itm ent makes such assessments more reasonable than would appear 
from the half-lives o f the nuclides involved.
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4.3.12. Some o f the remaining com ponents o f collective dose com m itm ent, 
especially those corresponding to the far future, may still be qualified by 
substantial uncertainty. To include such com ponents in an optimization 
analysis where differences in collective dose com m itm ent are estimated may 
invalidate the results o f the analysis.

4.3.13. Problems associated with assigning costs to parts o f the collective doses 
occurring over different periods are frequent, especially when a practice leads to 
environmental contam ination by long-lived radionuclides and, therefore, to 
exposures in future populations. Implicit in taking the cost o f detrim ent to be 
proportional to  the collective dose com m itm ent is a judgem ent giving the 
same weight to  present and future detriments. Such weighting is not the usual 
practice in o ther types o f human judgements which involve the traditional 
economics technique of discounting.

4.3.14. However, on ethical grounds, it has been argued that discounting may 
perhaps be properly applied within the period o f one generation, but that it should 
not be applied when a substantial part of the detrim ent will occur in future 
generations [24], Some have also expressed the opinion that it is not valid to 
discount the cost o f future detrim ent com m itted from a practice carried out at 
present, because only the present decision is relevant and the future harm is not 
avoidable through future decisions.

4.3.15. The outcom e o f a cost-benefit analysis identifies the level o f  control at 
which any further expenditure on additional control is unwarranted. Cost- 
effectiveness analysis, which is a different kind of analysis, is sometimes used to 
determ ine either the maximum reduction in exposure for a fixed cost or the 
cheapest way o f achieving a predeterm ined reduction in exposure [20, 25].
Although such an analysis might be required when there are certain overriding 
economic or social considerations, cost-effectiveness analysis is not optim ization 
as recommended by ICRP [6],

4.3.16. Multi-criteria methods. The main limitation o f cost-benefit analysis is 
that it requires explicit valuation o f  all factors in m onetary terms. This tends
to restrict the range o f factors which may be included in the optim ization process. 
Multi-criteria methods do no t necessarily require such explicit valuation and are 
potentially more flexible decision-aiding techniques because they allow additional 
factors to  be considered. For example, for the radiological impact, equity in time 
and space, risk perception o f the public and accident potential are relevant additional 
factors. The distributions over time of investments and operating costs can be 
considered. O ther useful inputs may be technical factors such as the flexibility and 
redundancy o f a proposed installation or process, its development status, and the 
extent o f technical support or the research and development effort.

4.3.17. Multi-criteria m ethods may involve aggregation or ranking. Aggregative 
m ethods attem pt to  combine values for all criteria into a single value in such a
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way that options may be compared. For this purpose, it is necessary to construct 
a measurement scale (called a utility function) so that preferences between different 
values o f  a criterion are represented by numbers on a common scale. The preferences 
will be those o f the com petent authority and may include those o f individuals with 
responsibility for wider issues of public interest. Account is taken o f the relative 
importance o f the various criteria by assigning a weight to  each. The total value 
o f each option is obtained by summing the weighted values associated with each 
option. The best option is the one that has the maximum total value.

4.3.18. In ranking methods, one option is considered better than another if the 
num ber o f criteria for which it is better is sufficient (a satisfying consensus) and 
if, for the remaining criteria, the differences are not excessive (no substantial 
disagreement). These two conditions involve the use of some relative assignment 
o f weight to  the criteria. The usefulness of these methods is that, in addition to 
taking into account many criteria, they provide a reasonable procedure for 
dealing with some factors in a qualitative way.

4.3.19. A word o f caution is necessary regarding these methods for aiding decision
making. The optim ality of the selected level of protection, and o f the system 
used to  achieve it, depends heavily upon the quality of the judgem ents and data 
that went into the analysis. Experience has shown, however, that such methods 
can lead to  reasonable choices although they have not yet been applied extensively 
in determining release limits.

4.4. Selection of the authorized release limit

4.4.1. The authorized release limit is the limit set by the com petent authority. 
Inform ation on the annual release, R ', that corresponds to  optimized release 
control (and which cannot exceed the release upper bound R*) is essential for 
the selection of the authorized limit. The authority may select the optimized 
control option and set the release limit close to  R' but must never set the limit 
higher than R*.

4.4.2. The releases associated with the optimized level o f  control are subject to 
fluctuations because o f operational variations, and are also uncertain, depending 
on the state o f development and experience with the practice and controls.
Therefore the authorized limit should allow for these variations and uncertainties.

4.4.3. Early in the assessment it should be determined w hether the practice under 
review can be exem pted from continuing regulation. As discussed earlier 
(Section 1.5), there may be particular practices or sources for which the annual 
effective dose equivalents to  the critical group are such a small fraction o f the 
source upper bound that they could be considered negligible and for which the 
collective dose com m itm ents are so small that they, too, may be considered to 
warrant no continuing regulation. What is small enough is a judgem ent that must
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be made by com petent authorities. Appropriate criteria are currently evolving. 
The com petent authority may choose to exempt such particular practices or 
sources from continuing regulation.

4.4.4. Authorized release limits are commonly expressed in terms o f releases over 
some period, usually one year, corresponding to the period over which transfer 
factors are averaged, and consistent with the assumption o f a reasonably constant 
level o f practice for which the optimization o f the control system was carried 
out. When these assumptions are not valid, com petent authorities m ust find 
other ways o f  expressing the limits.

4.4.5. Com petent authorities may recognize local circumstances by specifying 
additional limits for shorter periods to  ensure that short-term fluctuations in 
releases and in the characteristics o f  the environment are unlikely to  result in 
any individual doses above the upper bound.

25

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



REFERENCES

INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Recommenda
tions of the International Commission on Radiological Protection, ICRP Publication No. 26, 
Pergamon Press, Oxford and New York (1977).
INTERNATIONAL ATOMIC ENERGY AGENCY, Basic Safety Standards for Radiation 
Protection, 1982 Edition, Safety Series No. 9, IAEA, Vienna (1982).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Statement 
from the 1983 Washington Meeting, Ann. ICRP 14 1, Pergamon Press, Oxford and 
New York (1984).
LINDELL, B., Concepts of Collective Dose in Radiation Protection, Nuclear Energy 
Agency of the OECD, Paris (1984).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Problems 
Involved in Developing on Index of Harm, ICRP Publication No. 27, Pergamon Press, 
Oxford and New York (1977).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Cost-Benefit 
Analysis in the Optimization of Radiation Protection, ICRP Publication No. 37, Pergamon 
Press, Oxford and New York (1983).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Statement 
and Recommendations of the Brighton Meeting of the ICRP, Ann. ICRP 4 3/4, Pergamon 
Press, Oxford and New York (1980).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Statement 
from the 1985 Paris Meeting of the ICRP, Ann. ICRP 15 3, Pergamon Press, Oxford and 
New York (1985).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Statement 
from the 1984 Stockholm Meeting of the ICRP, Ann. ICRP 14 2, Pergamon Press,
Oxford and New York (1984).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Radionuclide 
Release into the Environment: Assessment of Doses to Man, ICRP Publication No. 29, 
Pergamon Press, Oxford and New York (1979).
INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Models and Parameters for 
Assessing the Environmental Transfer of Radionuclides from Routine Releases,
Safety Series No. 57, IAEA, Vienna (1982).
INTERNATIONAL ATOMIC ENERGY AGENCY, Methodologies for Both Source- and 
Individual-Related Assessment in Relation to the Limitation of Releases of Radioactive 
Effluents into the Environment, Safety Series, IAEA, Vienna (in preparation). 
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Principles of 
Monitoring for the Radiation Protection of the Population, ICRP Publication No. 43, 
Pergamon Press, Oxford and New York(1985).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Reference 
Man: Anatomical, Physiological and Metabolic Characteristics, ICRP Publication No. 23, 
Pergamon Press, Oxford and New York (1975).
INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, Limits for 
Intakes of Radionuclides by Workers, ICRP Publication No. 30, Ann. ICRP 2 3/4 
(1979), 3 (1979), 4 3/4 (1980), 5 (1981), 6 2/3 (1981), 7 (1982), 8 (1982), Pergamon 
Press, Oxford and New York.
UNITED NATIONS SCIENTIFIC COMMITTEE ON THE EFFECTS OF ATOMIC 
RADIATION, 1982 Report to the General Assembly, Ionizing Radiation: Sources and 
Biological Effects, United Nations, New York (1982).

27

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



[17] BENINSON, D., Limitation of Future Radiation Exposures from the Present Operation 
of Nuclear Fuel Cycle Installations, The Dose Limitation System in the Nuclear Fuel 
Cycle and in Radiation Protection (Proc. Symp. Madrid, 1981), IAEA, Vienna (1982) 
565-574 .

[18] PARK, W.R., Cost Engineering Analysis, Wiley Interscience, New York (1973).
[19] SUGDEN, R., WILLIAMS, A., The Principles of Practical Cost-Benefit Analysis, Oxford 

University Press (1978).
[20] NUCLEAR ENERGY AGENCY OF THE OECD, Radiological Significance and Management 

of Tritium, Carbon-14, Krypton-85 and Iodine-129 Arising from the Nuclear Fuel Cycle, 
OECD/NEA, Paris (1980).

[21] NATIONAL ACADEMY OF SCIENCES, The BEIR II Report, Considerations of Health 
Benefit-Cost Analysis for Activities Involving Ionizing Radiation Exposure and Alternatives, 
US Environmental Protection Agency, Washington, DC, Rep. EPA 520/4-77-003 (1977).

[22] NATIONAL RADIOLOGICAL PROTECTION BOARD, The Application of Cost-Benefit 
Analysis to the Radiological Protection of the Public: A Consultative Document,
National Radiological Protection Board, Harwell, Her Majesty’s Stationery Office,
London (1980).

[23] INTERNATIONAL ATOMIC ENERGY AGENCY, Assigning a Value to Transboundary 
Radiation Exposure, Safety Series No. 67, IAEA, Vienna (1985).

[24] PONTIFICAL ACADEMY OF SCIENCES, Biological Implications of Optimization in 
Radiation Procedures, Report of a Working Group, 2 -5  May 1983, Pontifical Academy 
of Sciences, Vatican (1985).

[25] CLARK, M.J., FLEISHMAN, A.B., WEBB, G.A.M., Optimization of the Radiological 
Protection of the Public, National Radiological Protection Board, Chilton,
Rep. NRPB-R120, Her Majesty’s Stationery Office, London (1981).

GENERAL REFERENCES

[i] INTERNATIONAL ATOMIC ENERGY AGENCY, Basic Safety Standards for Radiation 
Protection, 1982 Edition, Safety Series No. 9, IAEA, Vienna (1982).

[ii] INTERNATIONAL COMMISSION ON RADIOLOGICAL PROTECTION, A Compilation 
of the Major Concepts and Quantities in Use by ICRP, ICRP Publication No. 42,
Pergamon Press, Oxford and New York (1985).

28

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



EXPLANATION OF TERMS

(See also general references [i] and [ii].)

A uthorized limit 
Com petent authority 
Critical group 
Critical pathway 
Cost-benefit analysis 
Detriment 
De minimis 
Dose:

Annual dose
Collective dose
Collective dose com m itm ent
Collective dose rate
Committed dose
Dose commitment
Dose limits
Effective dose equivalent 
Per caput dose 

Exem ptions 
Exposure pathway 
Individual-related limits 
Individual risk 
Justification 
Limit
Local population 
Multi-criteria analysis 
Non-stochastic effects 
Optimization 
Primary dose limit 
Proportionality 
Risk
Reference levels 
Regional population 
Source upper bound 
Stochastic effects 
Source-related limits 
Transfer factor 
Upper bound
Upper-bound-constrained optim ization

Paragraph

1.5.4
1.2.3
2.1.3, 2 .3 .1—2.3.4
2.2.4
4.3.5, 4 .3 .7 -4 .3 .9
1.2.7, 1.4.1 
1.5.9

1.3.4
1.4.1
1.4.4
1.4.3
1.3.3
1.3.5
1.5.1, 1.5.2
1.3.2
2.4.6 
1.5.8 
2 .2.1
1.5.2
1.2.7
1 . 1.2 , 1 .2 .2
1.5.1
3.1.5
4 .3 .5 ,4 .3 .1 6 -4 .3 .1 8
1.2.4
1.1.2, 1.2.3
1.5.1
1.2.6
1.3.1 
1.5.6
3.1.5
1.2.3, 1.5.3 
1.2.4
1.5.1, 1.5.3
2 .1 .4 .2 .1 .5
1.2.3, 1.5.3
4.1.1
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