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FOREWORD

In 1985 the International Atomic Energy Agency published Safety Series 
No. 72, which sets out guidance on the principles for establishing intervention levels 
of dose for the protection of the public in the event o f a nuclear accident or radiologi
cal emergency. This guidance was aimed at assisting those having responsibility for 
emergency response planning, nationally, regionally and at the nuclear facility, to 
determine the levels o f projected dose at which it may be necessary to introduce 
relevant protective measures. There is an additional need to establish more practical 
quantities which may be readily compared with the results of measurements made 
in environmental materials and in foodstuffs. These are termed derived intervention 
levels (DILs) and they need to be determined for the radionuclides of potential radio
logical importance that could be released in the event of an accident and for the rele
vant environmental pathways to man.

IAEA Safety Series No. 72 stated that as part of the Agency’s programme 
relating to emergency response planning and preparedness, guidance on the evalua
tion of DILs would be published. As a consequence, an Agency Advisory Group met 
in Vienna in July 1985 to examine the principles for setting DILs, the environmental 
pathways and nuclides of potential radiological significance, and the procedures for 
calculating DILs for the early and intermediate phases o f an accident. Because the 
relationship between a DIL and the corresponding primary intervention level o f dose 
depends upon a number o f parameters which may be specific to the particular 
national, regional or even local practices and circumstances, the Advisory Group 
considered that it was not practicable to specify generic DILs. Accordingly, the 
Group concentrated on elaborating the principles, procedures and methodology rele
vant to the evaluation of DILs, and on identifying the factors that should be taken 
into account in the evaluation process. It considered that it would be inappropriate 
at that stage to include specific numerical data in an IAEA Safety Series publication. 
Following this meeting, a small group of consultants used the report of the Advisory 
Group as the basis for preparing an IAEA Safety Series publication on the subject. 
This publication was in final draft stage at the beginning of April 1986.

On 26 April 1986, an accident at Unit 4 of the Chernobyl nuclear power station 
in the Ukraine, USSR, destroyed the reactor core and part o f the building in which 
it was housed, resulting in the uncontrolled release to the environment of large quan
tities of radioactive material. Heat generated as a result of the accident lifted the 
radioactive material high into the air, much of it then being transported through the 
atmosphere by normal air currents, in the form of gases and dust particles. Radioac
tive contaminants were widely dispersed in this manner throughout the northern
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hemisphere, although the majority of the material released remained within the 
USSR. This progressive spread of contamination to large distances from the release 
point demonstrated an urgent need, not only for comprehensive guidance on the prin
ciples and procedures for determining DILs, but also for guidance on specific 
numeric values. The draft Safety Series report was, therefore, extensively reviewed 
and revised by the Agency’s consultants in order to provide a more practical 
‘principles, procedures and data’ publication. Although the text is still mainly con
cerned with principles and procedures, and with the methodology for their applica
tion, a supporting annex provides illustrative examples of estimated DILs for a range 
of selected nuclides and exposure pathways of potential radiological significance. 
Guidance is also given on the extent to which the supportive numerical data and the 
illustrative DILs might have more generic application.

The purpose o f this publication is to provide practical support to the guidance 
contained in IAEA Safety Series No. 72 which is directed, primarily, towards avoid
ing non-stochastic effects and limiting the extent of significant stochastic risk to 
individuals. However, even in a major nuclear accident in which large quantities of 
radioactive materials are released into the atmosphere, these effects will be restricted 
to within relatively short distances from the release point. Conversely, it must be 
recognized that the major part of the collective effective dose-equivalent commitment 
resulting from an accident will, in general, be accumulated at much greater 
distances, where the levels o f individual dose are likely to be substantially below 
those of concern for non-stochastic effects or for significant individual stochastic 
risk. At these greater distances, there may still be a need to reduce further the risk 
to individuals of the incidence of stochastic effects, and the detriment to the popula
tion as a whole, by means of simple protective measures; for example, controls on 
food supplies and drinking water. As part of its future emergency response planning 
and preparedness programme, the Agency, in co-operation with other relevant inter
national organizations, intends to review the need for further relevant guidance on 
the introduction o f these additional protective measures in the aftermath of a major 
nuclear accident.

In the preparation of the guidance upon which this IAEA Safety Series report 
is based, the consultants and the Advisory Group took account of the work by a num
ber of Member States on the general philosophy relating to DILs and of the quantita
tive data currently being applied by competent national authorities. The Agency 
wishes to record its gratitude to the consultants and Advisory Group members who 
participated in the preparation of this publication, and in particular to the Advisory 
Group Chairman, Dr. G.N. Kelly of the United Kingdom Nuclear Installations 
Inspectorate, who also assisted the Secretariat in preparing the working document 
for the Advisory Group and the various working drafts.
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Section I 

INTRODUCTION

GENERAL

101. The system of dose limitation recommended by the International Commission 
on Radiological Protection (ICRP) in its Publication 26 [1] and incorporated in the 
Basic Safety Standards for Radiation Protection of the International Atomic Energy 
Agency (IAEA) in its Safety Series No. 9 [2] applies to exposures resulting from 
controlled radiation sources under normal operating conditions. In accident situa
tions, the source o f exposure is, by definition, not under control and the exposure 
of members of the public can only be limited, if at all, by some form of remedial 
action which will disrupt normal living. This action is termed ‘intervention’, and its 
major objective is the application of appropriate protective measures to restrict the 
exposure of individuals.

102. The IAEA in its Safety Series Publication No. 72 [3] has set out guidance on 
the principles which apply to the setting of intervention levels o f dose at which the 
introduction of appropriate measures for the protection of the public should be consi
dered. Similar guidance has been published by the ICRP in its Publication No. 40
[4] and by the World Health Organization (WHO) [5]. IAEA Safety Series No. 9 
states (para. A.IV.612) that: “ The intervention levels should be expressed in terms 
of individual dose equivalents or intakes, but, whenever possible, derived interven
tion levels should be given, expressed in terms that are applicable to the results of 
the measurements that form part of the special monitoring programme...” .

PURPOSE

103. In the very early stages of an accident most of the information available on the 
quantity of radioactive material being released, its radionuclide composition and the 
likely progression of the accident will come from the operator, and will be based on 
conditions in the plant. Few environmental monitoring results from off-site can be 
expected within the first few hours. In this very early phase, decisions on the applica
tion of protective measures will, therefore, be based largely on plant status and fore
casts of changes in that status, as well as on meteorological data. As time progresses, 
results will increasingly become available from the monitoring of radionuclides in 
the environment (e.g. dose rates and concentrations of radionuclides in air and 
particular materials such as water, food, etc.). Monitoring results can be used to esti
mate potential doses to people and the need for further protective measures can thus 
be determined from a comparison with the intervention levels o f dose. Decision

1
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making in an emergency will however be more rapid and effective if the intervention 
levels o f dose are expressed in terms of the levels o f radionuclides present in 
appropriate environmental materials. The latter are termed derived intervention 
levels (DILs) and are the practical expression of the intervention level of dose. 
Contamination of an environmental material at the derived level is predicted to result 
in exposure at the intervention level of dose. The need for, and extent of, protective 
measures can be determined by direct comparison of the monitoring results with the 
derived levels.

104. There is a need to determine DILs for the nuclides of potential radiological 
significance that could be released to the environment in the event of an accident. 
The purpose of this document is to give guidance on how this should be done, and 
on the application of DILs, thereby providing the necessary practical support for the 
guidance published in Safety Series N o.72 [3],

SCOPE

105. This document sets out the principles and procedures for estimating DILs and, 
in Annex I, illustrates the application of these procedures to the estimation of DILs 
for a range of nuclides and exposure pathways. Consideration is given to the various 
exposure pathways that may be important at different times following an accident, 
and to the quantities which may be readily measured and for which DILs could use
fully be developed. To provide perspective and to avoid the need for numerous cross- 
references to Safety Series N o.72 [3], a summary of the principles underlying the 
establishment of primary intervention levels of dose is given in Section n .

106. The relationship between a DIL and the intervention level of dose will depend 
upon many parameters. Among the more important are the habits of the potentially 
exposed individuals (e.g. diet), the physical and chemical forms of the released 
material and its metabolism when taken into the body, agricultural practice, and food 
preparation and processing. The potentially wide variation in many of these 
parameters, both with the circumstances and location of the release, make it impos
sible to estimate universally applicable DILs. To be of greatest use, the DILs which 
are developed should be particular to the circumstances of the postulated accidents 
and local environmental conditions; these may often be sufficiently similar for 
generic levels to be developed within particular countries or regions for application 
to accidental releases from particular types of installation. The text of the document 
is, therefore, concerned mainly with the principles and procedures which are gener
ally applicable for estimating DILs, rather than with the levels themselves.

107. Estimates are, however, made of DILs for a range of nuclides and exposure 
pathways in Annex I. The levels are derived subject to a number of assumptions 
about the intervention level o f dose, the characteristics of the released material, the

2
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habits of the exposed individuals and local environmental conditions. The main 
purpose of these estimates is to illustrate the application of the procedures described 
in the document and to assist those who may wish to apply them to their own particu
lar circumstances. Where the same intervention level of dose is applied and the 
circumstances are broadly comparable with the assumptions adopted in Annex I, the 
derived levels could be adopted directly. In other cases the derived levels can be 
simply scaled to reflect differences in the applied intervention level of dose and other 
assumptions in Annex I, and in the circumstances o f interest. Some guidance is given 
on the sensitivity o f the estimated DILs to plausible variations in the assumed habits 
of individuals, environmental conditions, etc. This is intended to indicate the extent 
to which the various DILs in Annex I may be applied generically and to identify those 
which should be adopted only after careful consideration has been given to their 
applicability in the circumstances of interest.

LIMITATIONS

108. The general principles underlying the estimation of DILs are equally applicable 
to accidental releases of radioactive material to the atmosphere and to the aquatic 
environment. The detailed procedures described in the document for estimating DILs 
and illustrations o f their application are, however, limited to accidental releases to 
the atmosphere.

109. For the reasons stated previously, no attempt is made to establish generically 
applicable DILs. Moreover, consideration is limited in the document to the estima
tion of DILs as aids to decisions on the application of protective measures in the early 
and intermediate phases of an accident. Other factors will be involved in the relaxa
tion or termination of protective measures, but these are not considered in this 
document.

3
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Section II

INTERVENTION LEVELS AND PRINCIPLES 
UNDERLYING THEIR SELECTION

GENERAL

201. IAEA Safety Series No. 72 [3] outlines the different phases of an accidental 
release (i.e. early, intermediate and late), the pathways of exposure which may be 
significant in each phase and the ways that exposures might be reduced by various 
protective measures. The principles for planning intervention in each phase of an 
accident are outlined and some general guidance is given on levels o f dose at which 
intervention may be considered appropriate. In principle, decisions to introduce a 
protective measure should be based on a balance between the detriment which it car
ries and the predicted reduction in exposure, and thus risk, which it achieves.

Any protective measure carries with it risks, difficulties and costs; these are 
described in IAEA Safety Series No. 55 [6], and they vary in nature and degree from 
one protective measure to another. Nor have they the same effects in all cases: the 
type of accident, the specific off-site characteristics, the time of day and the weather 
conditions (among other things) all influence the weight which must be given to each 
of these adverse factors. Thus it is not possible to set one generally applicable level 
at which a particular protective measure would always be applied. Intervention levels 
adopted by Member States will not necessarily be the same although, as experience 
after the accident at Chernobyl in the USSR in April 1986 showed, it is desirable 
that they should be. Nor will a given level always prompt the initiation of the same 
protective measure in different parts o f the same country. On radiological protection 
grounds, it should be possible to define, for each protective measure, a lower level 
of dose below which the introduction of that measure would not be warranted and 
an upper level o f dose at which its implementation should almost certainly have been 
attempted. In practice, no measure should be introduced if the risk from further 
exposure is less than that which would be incurred from the implementation of the 
measure itself.

202. The proposed dose ranges set out in Safety Series No. 72 [3] for the application 
of various protective measures have been adopted here as the basis for the evaluation 
of DILs. However, because the relationship between the derived quantity and the 
primary intervention level o f dose is linear, the implications of adopting alternative 
values for the latter can be readily determined. The ranges of intervention levels are 
summarized in what follows, together with the background and principles underlying 
their selection. This summary is included both to provide perspective and to enable 
this report to be largely self-contained. Reference should be made to Safety Series 
No. 72 [3] for a fuller discussion of the principles underlying the establishment of 
intervention levels.

4
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ACCIDENT PHASES

203. Three time phases are generally accepted as being common to all accident 
sequences; within each of them, different considerations apply to decision making 
for off-site action. These phases are termed early, intermediate and late [3 ,6 ]. They 
will almost certainly overlap, but they nevertheless provide a useful framework for 
emergency response planning. The early phase can be subdivided into the period 
before a release begins (but when the potential for off-site exposure has been recog
nized) and the period when the majority of the release occurs. For some types of 
accidents (e.g. those caused by external events) there may in fact be no pre-release 
‘warning’ period during which precautionary protective measures can be taken.

204. The common feature associated with the threat of release, and the first few 
hours of release, is that emergency response decisions are more likely to be based 
primarily on the analysis o f data and predictions being derived from the plant 
instrumentation, or in the knowledge or anticipation of a release occurring, than on 
off-site measurements which inevitably take time to obtain. Thus, decisions to imple
ment those protective measures which are appropriate and practicable during this 
period will be based largely on plant status and meteorological information; the 
associated potential doses to individuals in the population would be assessed on the 
basis of prior analysis of plant fault sequences. As measurements of off-site exposure 
rates and concentrations of radionuclides in the environment become available during 
the early phase, they may be used to confirm the continued need for any protective 
measures that might already have been taken and as an input into decisions on the 
need for further measures.

205. The intermediate phase covers the period which, typically, starts from the first 
few hours after the commencement o f the release and could extend for several days 
or more. In this phase, environmental measurements o f external radiation from 
deposited materials and contamination of food, water and air will become the main 
source of data for dose assessments. The radiological characteristics o f any deposited 
material may also be determined. These data can be used to estimate doses for the 
principal exposure pathways which can then be compared with pre-established inter
vention levels as a basis for taking decisions on the implementation or continuation 
of protective measures.

206. The late phase (sometimes referred to as the recovery phase) is concerned with 
return to normal living conditions and may extend from some weeks to years depend
ing upon the magnitude and radionuclide composition of the release and the nature 
and extent of the area over which protective measures remain in force. During this 
phase data obtained from environmental monitoring can be used to assist in making 
decisions on a return to normal conditions, by the relaxing of the various protective 
measures imposed. As noted in para. 109, consideration of action in this phase is 
excluded from this document.

5
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TABLE I. EXPOSURE PATHWAYS, ACCIDENT PHASES AND PROTECTIVE 
MEASURES FOR WHICH INTERVENTION LEVELS MAY BE 
ESTABLISHED [3]

Potential exposure pathway Accident phase Protective measure

1. External radiation from Sheltering
facility Evacuation

Control o f access

2. External radiation from plume Sheltering
Evacuation
Control o f access

Early
3. Inhalation o f activity in Sheltering

plume Administration of stable iodine
Evacuation
Control o f access

4. Contamination of skin and Sheltering
clothes Evacuation

Decontamination o f persons

5. External radiation from Intermediate Evacuation
ground deposition of activity Relocation

Decontamination of land and
property

Late

6. Inhalation of re suspended Relocation
activity Decontamination o f  land and

property

7. Ingestion o f contaminated Food and water controls
food and water

Note: The use of stored animal feed to limit the uptake of radionuclides by domestic animals 
in the food-chain can be applicable in any of the phases.

PATHWAYS OF EXPOSURE AND PROTECTIVE MEASURES

207. Exposure of individual members o f the public may be external, as the result 
of radionuclides contained in an airborne plume or deposited from the plume onto 
the ground or skin; or internal, from inhalation o f radioactive material in the plume 
or of resuspended material, or from consumption of contaminated food and water.
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TABLE II. INTERVENTION LEVELS FOR PROTECTIVE MEASURES IN 
THE EARLY AND INTERMEDIATE PHASES OF AN ACCIDENT [3]a“e

E a rly  p h a se

Protective measure

Dose3 
(mSv or mGy)

Whole bodyb
Lung0, thyroid and 

any single organ 
preferentially irradiated

Sheltering

Administration of stable iodine

5 -  50d 50 -  500 

50 -  500e

Evacuation 50 -  500 500 -  5000

In term ed ia te  p h a se

Protective measure

Dose equivalent 
committed in first year 

(mSv)

Whole body
Individual organs 

preferentially irradiated

Control o f foodstuffs 
and water

5 -  50d 5 0 - 5 0 0

Relocation 5 0 -  500 Not expected

- a Dose projected in the short term (see para.416).
b Where several organs or tissues are irradiated at low levels o f dose the effective dose 

equivalent should also be calculated and compared with the whole body dose. 
c In the event o f high dose alpha irradiation of the lung, the numerical values apply to the 

product of the relative biological effectiveness (RBE) and the absorbed dose in milligrays. 
For planning purposes, an RBE of 10 is suggested. 

d Or effective dose equivalent. 
e Thyroid only.

Note: Special consideration should also be given to the implications o f irradiation of pregnant 
women and other specially sensitive groups.
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Each pathway must be identified and its importance evaluated in relation to the 
others.

208. The protective measures which are normally available to avoid or reduce radia
tion dose are shown in Table I. It is necessary to distinguish between the protective 
measures of evacuation and relocation. Evacuation is the urgent removal of people 
from an area to avoid or reduce their acute exposure, usually from the plume, or 
from high levels of deposited activity, and is a measure adopted when it is expected 
that people will return to the area concerned on a foreseeable time-scale. Relocation, 
on the other hand, is applied to the removal of population groups from contaminated 
areas to avoid chronic exposure, when return to the area is not contemplated at the 
time. Conditions may develop in which some groups who have been evacuated in 
an emergency may be allowed to return while others may need to be relocated.

209. Judgements on the most appropriate levels at which to implement protective 
measures will be influenced by many local and accident specific factors. Guidance 
has nevertheless been given in Safety Series No. 72 [3] on these aspects for the early 
and intermediate phases of an accident. The guidance is summarized in Table II and 
is expressed in terms of ranges of dose corresponding to each protective measure. 
The ranges chosen are sufficiently wide to encompass the many intervention levels 
that may be adopted in practice, but the possibility of levels outside these bounds 
cannot be precluded. For the early phase the doses to be compared with the interven
tion levels are those received or committed from intakes within a short time of the 
release; for the intermediate phase the dose proposed for purposes of comparison is 
that received or committed from intakes in the first year following the accident, 
although different quantities may be appropriate in some circumstances.
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Section III

THE ROLE OF DERIVED INTERVENTION LEVELS 
AND PRINCIPLES UNDERLYING THEIR ESTIMATION

GENERAL

301. When an unplanned release o f radioactive material is identified or is suspected, 
measurements are normally made to confirm the presence of environmental contami
nation and to obtain an indication o f the seriousness o f the release. The nature and 
type o f measurements made will vary with the circumstances o f the release, but may 
include measurements of external dose rates and the levels o f radionuclides in air and 
in a wide range of environmental materials (e.g. on the ground, in foodstuffs, in 
drinking water). The measured levels of radionuclides in environmental materials 
can, with suitable models, be interpreted in terms of doses to people, and the need 
for protective measures determined from a comparison of these doses with the inter
vention level of dose. Decisions about the need for protective measures will be 
reached more quickly in an emergency if the intervention levels o f dose are 
expressed in terms o f the levels o f radionuclides in appropriate environmental 
materials (or in terms of dose rate). The latter are termed derived intervention levels 
(DILs) and the need for, and extent of, protective measures can be determined by 
direct comparison o f the measured level with the DIL. Contamination of an environ
mental material at the DIL is predicted to lead to the exposure o f an identified group 
in the population at the intervention level o f dose.

302. DILs have found broad application in planning protective measures for many 
years and in many countries. Such levels were first developed shortly after the acci
dent at Windscale in the United Kingdom in 1957 and have since been regularly 
improved and brought up to date [7-11] to take account, among other things, of 
improvements in environmental, dosimetric and metabolic models and data.

303. The potential limitations o f DILs in the very early stages o f an accident must 
be recognized, particularly if the protective measures are being taken as a precaution 
before a release begins, or if the amounts of material being released are unknown 
and the accident prognosis uncertain. The efficacy o f protective measures in the early 
stages o f an accident is dependent upon their timely application and in some cases 
protective measures may be implemented as a precaution prior to the release to, or 
measurement of radioactive material in, the environment. In these cases DILs, 
expressed in terms of the levels o f radionuclides in environmental materials, would 
not be relevant. This document, however, is concerned with situations in which the 
decisions to implement protective measures are based largely on environmental 
measurements taken during or following the release. This is more likely to be the
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case in the intermediate phase than in the very early stages of an accident when such 
measurements will be more limited.

304. Consideration is limited here to the estimation of DILs as aids to decision mak
ing on the implementation of protective measures in the early and intermediate 
phases of an accident, for which intervention levels o f dose have been proposed in 
Safety Series No. 72 [3]. Similar procedures could also be used to estimate derived 
levels for application in the late, or recovery, phase o f an accident, but this is beyond 
the scope of this study. Decisions in the recovery phase can be made on a more 
relaxed time-scale and there is less need for detailed preplanning, which is essential 
if  protective measures are to be implemented in a timely manner in the early and 
intermediate phases. Broader considerations of a social and political nature are also 
likely to be involved in decisions on the levels o f dose (and thus derived levels) at 
which protective measures are relaxed and withdrawn.

POTENTIALLY USEFUL QUANTITIES

305. DILs can be established for a wide range of environmental materials and for 
each intervention level of dose (i.e. corresponding to a particular protective measure) 
and pathway of exposure. In general, however, consideration can be limited to the 
more important quantities in terms of the practicability and ease of their measure
ment and their significance for exposure. The more important are summarized in 
Table m  and comprise DILs for external dose rates, and the concentrations of 
radionuclides in air and deposited on the ground and in various foodstuffs and drink
ing water. The relevance of each to a pathway o f exposure or particular protective 
measure is indicated. Appropriate models can be used to determine the derived quan
tities corresponding to the intervention levels of dose [3] given in Table n .

306. The DIL is directly related to the intervention level of dose and its reliability 
as an indicator of dose will be influenced by the number of steps or processes separat
ing the two quantities. For example, less uncertainty is likely to be associated with 
a DIL when expressed in terms of contamination o f milk than when expressed in 
terms o f the deposition level o f a nuclide on pasture. This increasing uncertainty as 
the derived level becomes more divorced from the primary quantity must be recog
nized and taken into account when selecting the most appropriate environmental 
materials (and associated DILs) for analysis in the event of an accident. The choice 
must, o f course, take account of additional considerations such as the comparative 
radiobiological importance of the environmental material, the possibility o f measur
ing it, and the speed with which measurements can be made.

307. DILs can also be evaluated in terms of the amounts of radionuclides released 
or predicted to be released in an accident. In some cases such quantities can be useful
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TABLE III. USEFUL QUANTITIES FOR DERIVED INTERVENTION LEVELS 
(DILs)

Derived Relevant exposure Relevant protective
quantity pathways measure

External gamma External gamma irradiation Evacuation, sheltering,
dose rate from plume and from relocation
(S v -s-1) deposited material

Time integral o f Inhalation of plume Sheltering, evacuation,
radionuclide stable iodine
concentration in air External beta irradiation Sheltering, evacuation
(Bq • s • nrr3) from plume

External beta irradiation Sheltering, evacuation
from deposition on skin

Ground deposits External beta and Evacuation, relocation
of radionuclides gamma irradiation from
(Bq-m '2) deposited material

Inhalation of resuspended Evacuation, relocation
material

Concentration of Ingestion o f foodstuffs Restrictions on
radionuclides in or drinking water production or consumption
foodstuffs, pasture or
drinking water
(B q-kg'1)

aids to early judgements on the potential off-site implications and the need for protec
tive measures. Much, o f course, would depend on the prevailing meteorological con
ditions and the time-scale of the release and these factors would need to be taken into 
account in establishing derived levels o f this sort. In the event o f an accident, 
however, accurate measurements may not be available of the amounts of 
radionuclides released. In these circumstances any prediction of the amounts of 
material released would need to be based on plant conditions and prior safety 
analyses o f the plant in postulated fault conditions. The use of DILs, expressed in 
terms of the released material, would then at best be no more than a coarse indicator 
of the need for protective measures. DILs, expressed in terms o f released material,
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have their greatest utility when developed for application to particular types of instal
lation and accident conditions. Such specificity is beyond the scope of this document 
and consideration is limited here to DILs expressed in terms of measurements of 
radionuclides (or dose rates) in the environment.

CONSIDERATIONS UNDERLYING THE ESTIMATION OF DERIVED INTER
VENTION LEVELS

308. The establishment of DILs requires the modelling of the various processes 
involved in the transfer of an environmental contaminant to man. The more signifi
cant processes that need to be modelled for each o f the derived quantities listed in 
Table HI are illustrated schematically in Fig. 1. Each of these processes and 
approaches to their modelling are discussed subsequently in the context of establish
ing DILs particular to a given environmental material, exposure pathway and protec
tive measure. The models adopted may be of varying complexity depending upon the 
processes involved in the transfer of the environmental contamination to man. In 
general, the models used to establish DILs should be realistic and particular to the 
circumstances under consideration. They should avoid the incorporation o f undue 
pessimism as this may compromise the underlying objective of establishing interven
tion levels, which is to introduce protective measures which have a positive net 
benefit to the individuals concerned.

309. It is apparent from Fig. 1 that many parameters may influence the relationship 
(i.e. the dose conversion factor) between the level o f a radionuclide in an environ
mental material and the intervention level of dose. Among the more important are 
the habits (e.g. dietary intake, time spent indoors, etc.) o f those individuals poten
tially affected by a particular protective measure and the metabolism of any radioac
tive material taken into the body. The physical and chemical forms of the 
environmental contaminant may also be influential, as may agricultural practices and 
methods adopted in food preparation and processing. The potentially wide variation 
in many of these parameters (depending upon the circumstances and location of an 
accident) make it impossible to estimate universally applicable DILs. For this reason 
consideration in this document is directed mainly to the general principles and proce
dures that should be adopted in establishing DILs, rather than to attempting to 
develop quantitative guidance which would have more limited application.

310. To illustrate the procedures described in the report and to assist those who may 
wish to apply them to a particular set of circumstances, estimates are made in Annex 
I of DILs for a number of nuclides and pathways of exposure of potential radiological 
significance. For the purposes of illustration, the estimates provided in Annex I are 
based on the lower values of the intervention levels o f dose specified in Table n .
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FIG. I. Processes that need to be modelled in establishing derived intervention levels for single nuclides: 
DIL = IL/DCF, where DIL is the derived intervention level; IL is the intervention level o f dose; and DCF 
is a dose conversion factor which relates the two quantities via the processes/models shown.

Where the circumstances are comparable with the assumptions on habits, environ
mental conditions, etc., used in Annex I, the DILs could be adopted directly for 
application. In other cases the derived levels can be simply scaled to reflect 
differences from the assumptions in Annex I, including the choice o f intervention 
level o f dose and the particular circumstances o f interest. Some guidance is also 
given in Annex I on the extent to which the various estimated derived levels may 
find broader application and where a case by case approach to their derivation may 
be necessary.
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311. It is evident in Fig. 1 that the habits/characteristics of potentially exposed 
individuals and the metabolism of nuclides taken into the body are central to the 
establishment of most DILs. These topics, therefore, are reviewed in a more general 
context before consideration is given to detailed procedures for establishing particu
lar DILs.

HABITS AND CHARACTERISTICS OF POTENTIALLY EXPOSED 
INDIVIDUALS

312. For the purpose of establishing DILs, the habits assumed for individuals need 
to be carefully selected; in particular they must be consistent with the philosophy 
underlying the choice and intended use of the intervention level o f dose. If the intent 
is to compare the exposure of an ‘average’ individual with the intervention level of 
dose as a basis for deciding upon protective measures, then average habits should 
be assumed; equally, if the intent is to afford a comparison with those more highly 
exposed, then habits particular to this group must be adopted. Whether the compari
son is made in terms of average or more extreme individuals in the population is 
secondary in importance to the need for ensuring that the overall approach is 
coherent. It should be recognized that if protective measures are taken on the basis 
of the exposure of individuals representative of those most highly exposed in a popu
lation group (e.g. critical groups), many of the affected individuals would, in the 
absence of the protective measure, have received doses well below the intervention 
level. Conversely, if action is taken on the basis o f the average exposure, some 
individuals who would not be subject to the protective measure would receive doses 
in excess of the intervention level.

313. Such a situation is unavoidable in view of the differences in habits, metabolism, 
etc., between individuals. Where the derived level relates to an intervention level of 
dose established to prevent the occurrence of non-stochastic effects, then it is likely 
that the habits of the most exposed individuals (i.e. critical group habits) in the popu
lation would be more appropriate for use in evaluating derived levels. In other cases 
‘average’ or ‘critical group’ habits may be adopted according to practical 
convenience and the philosophy adopted. However, the essential link between the 
habits o f the individuals to whom the level is intended to apply and the choice of 
intervention level o f dose must be recognized.

314. The more important habits and characteristics of individuals that need to be 
defined will depend upon the mode of exposure and may include age, inhalation rate, 
dietary intakes, methods of food preparation and time spent indoors. In deriving such 
data it is important to ensure that they are reasonably representative of the group of 
individuals whose projected exposure is to be compared with the intervention level
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of dose. Undue pessimism in this and other areas could be counter-productive in 
leading to the introduction of protective measures at levels o f dose significantly 
below (or occasionally above) those intended. In theory, data on habits should be site 
specific, but in practice (unless there are indications that local conditions differ 
widely from the norms) it will generally be sufficient to use data based on regional 
or national statistics. Significant differences might be expected in the data on habits 
applicable to various countries, particularly those related to dietary intake, and this 
is one of the main reasons why it is not practicable to develop DILs that would be 
applicable in all Member States.

METABOLIC AND DOSIMETRIC MODELS

315. Metabolic and dosimetric models are central to the evaluation of DILs (see 
Fig. 1) and those adopted in any particular application need to be carefully selected 
to ensure that the derived quantity remains closely representative of the intervention 
level o f dose. Several models of varying complexity are available for calculating 
external doses and, in general, are adequately reliable for the purposes of establish
ing DILs. In many cases the variation in external dose with age is sufficiently small 
for the whole population to be assumed to be exposed at the same level from external 
sources.

316. The estimation of exposure from the intake of radionuclides into the body is 
more complex and has a greater uncertainty associated; moreover, there may be sig
nificant variation with age at intake and with the physical and chemical forms of the 
nuclide. A major and comprehensive compilation o f doses per unit intake of nuclides 
by inhalation and ingestion has been prepared by the International Commission on 
Radiological Protection (ICRP) [12]. This database was compiled in the context of 
occupational exposure and for forms of nuclides likely to be found in the workplace.

317. A substantial fraction of this database may be equally applicable to the evalua
tion of the internal exposure of adult members of the public from radionuclides in 
the environment. However, there are several cases for which it would not be 
appropriate, largely because the forms in which the nuclide may be found in the 
environment differ significantly from those considered for the workplace. Moreover, 
the database is not applicable to the estimation of the internal exposure of children, 
because of differences in metabolism, organ size and the relative separation of organs 
in the body. Consequently, in recent years attention has been directed towards the 
development o f models for predicting the exposure of members of the public of 
different ages due to the intake o f radionuclides in forms likely to be encountered 
in the environment [13, 14]. A database has been compiled [14, 15] of the dose per 
unit intake by inhalation and ingestion for a large number of radio- nuclides in a wide
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range of forms and as a function of the age of the individual at the time of intake. 
Although some improvements are to be expected in such databases as more informa
tion becomes available on age-dependent metabolism, etc., the database referred to 
in Refs [14, 15] is considered to be generally satisfactory for use in the evaluation 
of DILs.

318. The population in any area which may be affected by protective measures will 
include individuals of all ages. In establishing DILs, which are related to pathways 
leading to internal exposure, the sensitivity of the derived level to the age of the 
individual should be investigated. Both the dose per unit intake and the intake itself 
may vary significantly with age. In principle, it would be possible to evaluate the 
variation of the DIL as a continuous function of age. In practice, however, it will 
often be sufficient to evaluate the variation for a number of selected ages (e.g. for 
infants, ten year olds and adults), particularly when account is taken of other uncer
tainties involved in the establishment of derived quantities.

319. In general, the most restrictive of the derived levels for the different ages at 
intake should be adopted. Where the variation in the derived level with age is large 
(e.g. about tenfold) consideration might be given to the introduction of protective 
measures on an age-dependent basis. The practical difficulties associated with 
introducing selective protective measures for subgroups in a population may be con
siderable (e.g. disruption of family groups), but it may be practicable to identify 
certain groups which could be given priority in the implementation of protective 
measures.

320. The internal exposure from a nuclide taken into the body may also depend 
significantly on its chemical and physical forms. Where the form of the nuclide likely 
to be encountered is known, the dose appropriate to that form should be used in 
establishing the DIL. Otherwise the sensitivity of the derived level to the form of 
the nuclide should be analysed and a judgement made on the most appropriate values 
for application in the particular circumstances. Different considerations are likely to 
apply depending upon whether the intervention level, on which the derived level is 
based, is intended to prevent the occurrence of non-stochastic effects or to reduce 
the risk of stochastic effects. In general, however, undue pessimism should be 
avoided for the reasons previously adduced.

321. Some comment is also warranted on the practical implications of expressing 
the intervention levels o f dose in terms of two quantities, the whole body (or effec
tive) and single organ doses. In Safety Series No. 72 [3] the intervention levels for 
single organs are ten times greater than those for the whole body. Protective meas
ures would, in general, be taken when either one o f these levels were first exceeded. 
Because the single organ intervention level of dose is much greater than that for the 
whole body, its significance is limited to cases of very non-uniform exposure of the 
body, in particular from internal exposure and external irradiation of the skin.
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Strictly, the DIL should be evaluated for each intervention level o f dose and the most 
restrictive value adopted. In practice, however, for internal exposure (at least for 
levels o f dose below those at which non-stochastic effects may occur) this is rarely 
necessary. With the exception o f nuclides which preferentially irradiate the thyroid 
(i.e. isotopes of iodine and tellurium) the DIL can be estimated on the basis of the 
whole body (or effective) intervention level of dose. The underestimate that may 
occasionally arise from this simplification is, in general, negligible in comparison 
with other uncertainties inherent in the establishment o f DILs. This generalization 
is valid where the single organ intervention level of dose exceeds that for the whole 
body (or the effective level) by a factor of ten or more; if  the factor were much 
smaller the matter would require reappraisal.
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PROCEDURES FOR ESTABLISHING 
DERIVED INTERVENTION LEVELS 

FOR EXPOSURE DUE TO A SINGLE RADIONUCLIDE 
AND SINGLE EXPOSURE PATHWAY

Section IV

GENERAL

401. In this section procedures are described for estimating DILs for a given protec
tive measure for exposure from a single nuclide via a single pathway; separate con
sideration is given to derived levels for application in the early and intermediate 
phases. In general, more than one radionuclide may be released in an accident and 
significant exposures may arise from several pathways. Procedures for establishing 
DILs in such circumstances are outlined in Section V, where consideration is also 
given to the practical application of DILs.

402. The application of the procedures described in this section is illustrated in 
Annex I, where estimates are made of DILs for selected radionuclides and pathways 
of exposure o f potential radiological significance. These estimates have been made 
subject to a number o f assumptions about the habits o f exposed individuals, environ
mental conditions, etc., and the DILs given should not be adopted without first giv
ing careful consideration to their applicability to the situation of interest.

403. The relationship between the DIL and the intervention level o f dose can be 
expressed in the most general form as:

DIL =  —  (1)
DCF

where DIL is the derived intervention level in a relevant environmental material; 
IL is the intervention level o f dose; and
DCF is a dose conversion factor, in units determined by those adopted for 

DIL and IL.

The dose conversion factor DCF takes account of the various processes indicated in 
Fig. 1 which relate the two quantities.
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EARLY PHASE

404. This quantity provides a measure of the potentially significant sources of 
exposure from the passing plume, namely, external beta and gamma radiation, 
internal exposure from inhalation of radioactive material and beta irradiation of the 
skin from material deposited onto the skin or clothing. Each of these exposure path
ways is considered in turn and, with the exception of the cloud gamma dose, can be 
related to the time-integrated air concentration using a simple model.

405. The cloud gamma dose rate is influenced by many factors, including the time 
dependence of the rate of release o f radioactive material and the shape and height 
of the cloud. Complex and specific models would need to be used to relate this 
parameter, with sufficient accuracy, to the time-integrated concentration of a 
radionuclide in air. In practice there is little merit in deriving such a relationship 
because measurements of cloud gamma dose rate can be made directly and, subject 
to assumptions about the future course of an accident, can be compared directly with 
the intervention level of dose.

Time integral of the concentration of a nuclide in air1

1. Beta radiation from the plume

406. This pathway of exposure is significant only for noble gas radionuclides which 
are not significantly absorbed and retained within the body or deposited onto skin. 
For other radionuclides the dominant exposure pathway from airborne material will 
be inhalation or external gamma radiation. The DIL for cloud beta exposure of the 
skin is given by:

ILp/c
DIL =  .   (2)

Dr SFe V ’

where DIL is the derived intervention level for the time-integrated concentration 
of the nuclide in air for evacuation or sheltering for cloud beta 
exposure of the skin (B q-s-nr3);

ILg^ is the intervention level of dose for exposure o f the skin for evacuation 
or sheltering (Sv);

Dg is the dose rate to skin per unit concentration o f the nuclide in air 
(Sv-s-1 per Bq-nr3);

1 In practice, the quantity generally measured is the average concentration over a 
time interval that may be short in comparison with the duration o f the accident (or the time
integral o f the concentration over the measured period). In such cases the measured quantity
must be adjusted to take account of the projected duration and/or magnitude o f the release 
before comparison with the DIL expressed in the aforementioned terms.
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SFg is a shielding factor to take account of the fraction of the skin effec
tively shielded; and 

DCF, the dose conversion factor (see Eq. (1)), is equal to:

Dg-SFp (Sv-s_1 per B q-nr3).

Compilations o f Dg are available for a wide range of radionuclides (e.g. see 
Refs [11, 16-18]). In their application, appropriate allowance should be made for 
the fraction o f skin effectively shielded (e.g. by clothing, while seated, etc.), apart 
from the case where the derived level corresponds to an intervention level o f dose 
chosen to avoid the occurrence of non-stochastic effects.

2. Inhalation of a radionuclide from the plume

407. The DIL for exposure by inhalation can be expressed as

B  • D in h

where DIL is the derived intervention level for the time-integrated concentration 
of the nuclide in air for evacuation, sheltering or issuing stable 
iodine for exposure by inhalation (Bq • s • n r3)

ILg/s/i is the intervention level of dose for evacuation, sheltering or issuing 
stable iodine (Sv);

B is the breathing rate (m3-s'1);
Dinh is the committed dose equivalent per unit intake2 of the nuclide by

inhalation (Sv-Bq-1); and 
DCF, the dose conversion factor (see E q.l), is equal to B -D inh (Sv per 

Bq-s-m -3).

In Eq. (3), the intervention level of dose and the committed dose per unit intake must 
refer to exposure of the same organ or tissue.

408. Intervention levels o f dose for sheltering, evacuation and the issue o f iodine
tablets are given in Table II [3]. DILS can be calculated by appropriate substitution 
in Eq. (3) for the breathing rate o f the individual and the committed dose per unit

2 The committed dose equivalent per unit intake is the dose rate integrated for a 
period of 50 years following the intake o f the nuclide into the body (at whatever age). This 
period of integration may lead, in specific cases of intake by young people, to a slight under
estimation o f the dose received; in general, this potential underestimate has little practical 
significance.
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intake of the nuclide. Some of the factors influencing the choice of values for these 
parameters are discussed in paras 312-321. Because the breathing rate and the com
mitted dose per unit intake may both vary significantly with age at exposure, the 
variation o f the DIL with age should be determined and the most restrictive value 
selected (in situations where the exposed population may include all age groups). In 
general, the variation in the DIL with age will not be large (see Annex I) because 
any increase in dose per unit intake with decreasing age is compensated to some 
extent by a decrease in the actual intake.

409. The intervention levels for sheltering and evacuation are expressed in terms of 
whole body doses (or in some cases, effective) and single organ doses (see Table II). 
The most limiting will depend on the characteristics o f the nuclide inhaled and its 
metabolism in the body. The appropriate DIL is the most restrictive o f those obtained 
when substituting the various whole body (or effective) and organ doses for the inter
vention level o f dose and dose per unit intake for the nuclide considered in Eq. (3). 
With the exception of iodine and tellurium radionuclides it will, in general, be suffi
cient to evaluate the DIL on the basis o f the intervention level expressed in terms 
of effective dose (see paras 321 and A205-A206).

410. The availability of dosimetric data for inhaled nuclides is discussed in paras 
315-320 and data for selected nuclides are tabulated in Annex I. Where the physical 
and chemical forms o f the nuclide are known or can be reasonably well predicted, 
the dose per unit intake appropriate to that form should be used in establishing the 
DIL. Otherwise the sensitivity o f the derived level to the form o f the nuclide should 
be analysed and a judgement made on the most appropriate value for application in 
the particular circumstances. Different considerations are likely to apply when the 
intervention level on which the derived level is based is intended to prevent the 
occurrence of non-stochastic effects rather than to reduce the risk o f stochastic 
effects.

411. Data on the variation o f breathing rate with age are given in Ref. [19] and are 
summarized for convenience in Table XIII of Annex I.

3. Beta irradiation from nuclides deposited on skin or clothing

412. The DIL for this exposure pathway is given by

o i l --------------2 ^ 2 ---------  (4 )
Dsk'Vsk'SFfl

where DIL is the DIL for the time-integrated concentration o f the nuclide in air 
for sheltering or evacuation for beta exposure by nuclides deposited 
on skin (B q-s-nr3);
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ILe/s is the intervention level o f dose to skin for sheltering or evacuation 
(Sv);

Dsk is the integrated dose to skin per unit deposit of the nuclide on skin 
or clothing (Sv per Bq-nr2);

SFg is a shielding factor to take account of shielding afforded by cloth
ing, etc.;

Vsk is the deposition velocity of the nuclide from the atmosphere to skin 
and clothing (m -s_1); and 

DCF, the dose conversion factor, is given by the product Dsk • Vsk • SF^ 
(Sv per Bq • s • nr3)

413. Predicting the deposition o f airborne material onto skin and clothing is a com
plex and uncertain process and tends to limit the usefulness of this derived quantity. 
There are few data on the deposition of airborne material onto skin or its subsequent 
retention, both of which would be influenced by individual habits. For the purpose 
of establishing DILs for this pathway, Linsley et al. [11] made a number of assump
tions which are summarized in Annex I (para. A215).

414. Because o f the large uncertainties involved in using the time integral o f air con
centration as a measure for the dose from deposition of radioactive material on skin, 
it should be used cautiously as a DIL for initiating protective measures. An alterna
tive quantity that may be used is the deposition of material onto the ground or other 
surfaces. However, this does not avoid the problem of requiring an assumption to 
be made about the relative deposition of material on skin compared with that on the 
measured surface.

Deposition of radionuclides ort the ground

415. Ideally, protective measures in the early phase, such as evacuation, would be 
carried out prior to the arrival of any released material, although in many cases this 
may not prove feasible (e.g. because of insufficient warning). Where prior evacua
tion had not occurred, radionuclides deposited from the atmosphere onto the ground 
would act as immediate and continuing sources of exposure of people. The poten
tially important routes of exposure in the early phase are external gamma radiation 
and inhalation of resuspended material (the latter pathway being likely to be of sig
nificance only for alpha emitting or pure beta emitting nuclides).

416. Depending upon the size and radionuclide composition of a release and the 
meteorological conditions encountered, exposures from these pathways in the early 
phase of an accident may be sufficiently large to warrant the application of one or 
more of those protective measures for which DILs could usefully be developed. 
Sheltering may provide some reduction of dose but it is difficult to maintain for long 
periods. Evacuation provides the most effective measure and, once achieved, essen
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tially avoids further exposure from these routes. In making judgements on the 
implementation of evacuation as a protective measure, consideration needs to be 
given to the appropriate dose to be compared with the intervention levels of dose 
given in Table II. For protective measures taken in the early phase it is the dose 
projected in the short term (or committed from intakes in the short term) that should 
be compared with the intervention levels of dose [3]. Differing interpretations 
[9, 11, 20] have been made of ‘short term’ but, typically, a period of about a week 
is reasonable. In those cases where significant doses might arise beyond the short 
term, other protective measures may need to be implemented (e.g. relocation) and 
this aspect is considered in paras 427-436.

1. External gamma radiation from ground deposits

417. DILS relevant to external gamma radiation from deposited radionuclides can 
be expressed in terms of two different quantities that can be measured in the environ
ment. The first is the level of deposition of a radionuclide on the ground and the 
second is the measured gamma dose rate above the ground.

Measured levels of deposition

418. The DIL for the deposition of a nuclide on the ground for evacuation 
(Bq • rrr2) is given by:

ILE
DIL ----------------- -

j  T D7(t) dt-SF7 (5)

where ILE is the intervention level o f dose for evacuation (Sv);
Jo D (t)dt is the time integral over the short term r (typically about a week) 

of the whole body dose equivalent rate per unit ground deposit 
assuming permanent occupancy outdoors (Sv per Bq-nr2);

SF7 is a time-averaged shielding factor that accounts for the shield
ing provided by buildings and the fraction o f time spent indoors; 
and

DCF, the dose conversion factor (see Eq. (1)), is given by the denomi
nator of Eq. (5) (Sv per B q-nr2).

419. For external gamma radiation from deposited material the whole body can be 
assumed to be uniformly exposed and therefore the limiting intervention level of dose 
is that to the whole body (see Table II). Compilations have been made of the whole 
body gamma dose rate (and its integral over various times) for unit deposition of a
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wide range of nuclides on undisturbed soil [11, 17, 18, 21, 22]. Data for nuclides 
which are potentially significant for this exposure pathway are tabulated in Annex I. 
These doses have been evaluated on the assumption that the exposed individual is 
permanently outdoors and appropriate modifications need to be made to take account 
of shielding for periods spent indoors. The choice of shielding factor is likely to vary 
significantly between different countries, and even between different areas in the 
same country, because of different building practices, climate, etc.; the shielding 
factor needs to be selected carefully and should be appropriate to the circumstances 
considered. Guidance on the choice of shielding factors is given in Annex I 
(para. A213).

External gamma dose rate above the ground

420. The DIL for evacuation based on gamma dose rate measurements at a 
prescribed height above the ground (1 m), for a radionuclide deposited on the ground 
(Sv-s-1), can be approximated, over the short term, as:

DIL =
1 -  e “XT SFt

where ILE is the intervention level of dose for evacuation (Sv);
X is the effective decay constant where X =  XR -I- Xw (s_l);
XR is the radioactive decay constant (s_1);
Xw is the weathering decay (removal) constant (s_I);
t  is the time of integration over the ‘short term’ (typically about a week; 

see para. 416) (s);
SF7 is a time-averaged shielding factor that accounts for the shielding 

provided by buildings and the fraction of time spent indoors; and 
DCF, the dose conversion factor (see Eq. (1)), is SF7 - ( 1 - e _Xr)/X (s).

Due account should be taken of the influence of shielding in the estimation of the 
derived level or, alternatively, in the measured dose rate before comparison with a 
derived level estimated without shielding. The weathering decay constant should be 
chosen with due regard to the local environmental conditions and the characteristics 
of the nuclide, including its chemical and physical forms. This parameter is o f little 
importance because, in the early phase, the dose is being integrated over the short 
term. In the intermediate phase, however, it is o f greater significance.

2. Inhalation o f resuspended material

421. The most direct means of judging the significance of this pathway is by air 
sampling. However, the concentration of a radionuclide in air resulting from
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resuspension may vary significantly with wind speed over the ground surface and 
will be influenced by, among other factors, the relative dryness and mechanical dis
turbance of the surface. For these reasons the resuspended air concentrations may 
be subject to wide fluctuations in the period immediately following deposition. It 
may be appropriate, therefore, in the early phase o f an accident (i.e. before the exact 
nature and magnitude of the hazard has been fully assessed by extended measure
ments of air concentration) to decide on the introduction of protective measures on 
the basis o f measurements of surface contamination. Average air concentrations can 
be predicted from these measurements by the use of experimentally determined 
resuspension factors. The resuspension factor K (m_l) is defined as the ratio:

K _  Resuspended air concentration (Bq-m~3) ^
Ground deposition (Bq-nr2)

422. There are many uncertainties and limitations in the use of the resuspension fac
tor approach for predicting resuspended air concentrations [23] but, for the purpose 
of establishing simple criteria for control in the early phase of an emergency, the 
approach has some value. This exposure pathway is only likely to be important for 
alpha emitting and pure beta emitting radionuclides (e.g. plutonium-239, 
strontium-90) whose inhalation radiotoxicity is high but which do not contribute sig
nificantly to external exposure.

423. The DIL for evacuation for exposure via this pathway (Bq • n r2) is given by: 

ILE
DIL =

(S)
B D inh 1 K (t )e -V d t

where ILE is the intervention level o f dose for evacuation (Sv);
B is the breathing rate (rn^s*1);
Dinh is the dose per unit intake by inhalation of the resuspended nuclide

(Sv-Bq-1);
K(t) is the time-dependent resuspension factor (n r1);
t  is the time of integration over the ‘short term’ (typically about one

week; see para. 416) (s);
XR is the radioactive decay constant of the nuclide considered (s_l); and 
DCF, the dose conversion factor (see Eq. (1)), is given by the denominator 

of Eq. (8) (Sv per Bq-nr2).

424. In using Eq. (8) the most restrictive derived level obtained when inserting 
intervention levels o f dose for the whole body (or effective) or single organ should 
be adopted. The factors influencing the choice of breathing rates and dose per unit 
intake are discussed in paras 312-321 and are equally applicable here. Similarly, as

2 5

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



discussed in paras 408-410, the influence of the age at exposure and the physical and 
chemical form o f the contaminant should also be analysed in the process of selecting 
the appropriate DIL.

425. The prevailing environmental conditions will have a major influence on both 
the resuspension factor and its variation with time [23], Climate (e.g. temperate, arid 
zones) must be taken into account but local factors, such as wind speed and the 
degree of surface disturbance (e.g. traffic, nature of surface, ploughing, etc.), are 
likely to be of much greater importance, particularly in the ‘short term’. Significant 
variation is therefore to be expected in DILs established in different countries. 
Sources of data from which to select an appropriate resuspension factor are given 
in Annex I (para. A218).

426. The potential variability of the resuspension factor, not only regionally but 
locally from day to day, affects the reliability of DILs expressed in terms of surface 
deposits of radionuclides. For this reason it is important that protective measures 
implemented on the basis o f such quantities should be reappraised as soon as prac
ticable in the light of information obtained by more direct measurements (i.e. of 
resuspended airborne levels of radionuclides). Nevertheless, DILs expressed in 
terms of surface deposits have a useful role, particularly in the very short term, 
because of the relative constancy (in time) of surface deposits and their ease of meas
urement in comparison with airborne levels. These derived levels will need to be 
recalculated when they are applied to conditions more adverse than those for which 
they were established.

INTERMEDIATE PHASE 

General

427. In the intermediate phase of an accident the major concern will be the introduc
tion of protective measures to limit exposure from material deposited on the ground 
and other surfaces. The significant exposure pathways include external gamma radia
tion and internal radiation from the ingestion of contaminated foodstuffs and inhala
tion o f resuspended material. In this phase of an accident time should be available 
for consultations with an expert group (including representatives of local and national 
authorities) to advise on the need for further protective measures. This group would 
assess and interpret environmental monitoring data. The existence of previously 
developed DILs would be of assistance in this task.

428. The more relevant derived quantities in this phase include the deposition levels 
of nuclides on pasture, ground and other surfaces, the concentrations of nuclides in 
various foodstuffs, and dose rates.
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429. The activity per unit area of a radionuclide deposited onto the ground can be 
used as a measure of exposure from external gamma radiation and internal radiation 
from the inhalation of resuspended material and also of exposure by ingestion of 
foodstuffs. Procedures for establishing relationships between deposition levels and 
dose have already been described in respect of the first two of these pathways for 
DILs for application in the early phase of an accident (see paras 415-426). DILs for 
use in the intermediate phase (when the protective measure of main interest for these 
exposure pathways would be relocation) can also be derived from Eqs (5) and (8), 
subject to insertion of the appropriate intervention level of dose and modification of 
the period of integration of the external gamma dose rate or resuspension factor. 
Because of the much longer period of integration, the effects of weathering are now 
of greater importance and should be realistically estimated.

430. The social and financial costs of relocating people for extended periods will 
be considerable and the introduction o f this protective measure cannot be undertaken 
lightly. It is a difficult area in which to judge the appropriate intervention levels of 
dose as, apart from the expected effectiveness o f possible decontamination tech
niques, much may depend on other considerations, in particular the size and nature 
both o f the area affected and its population and the kind of economic activities under
taken. Some guidance on intervention levels o f dose that might be considered 
appropriate for judgements on relocation, and for restricting the distribution and con
sumption of contaminated food, is given in Ref. [3], although levels outside the 
proposed ranges cannot be precluded.

External gamma radiation

431. The DIL for external gamma radiation can be evaluated in terms of either the 
activity of the radionuclide deposited on the ground or the gamma dose rate measured 
above the contaminated surface.

1. Measured levels of deposition
432. The DIL (Bq-nr2), expressed in terms of the deposition of a radionuclide on 
the ground, for relocation (to limit exposure from external gamma radiation), is 
given by:

ioa D (t) dt is the integral over one year of the whole body dose equiva
lent rate per unit deposit o f the radionuclide on the ground 
assuming permanent occupancy outdoors (Sv per Bq-nr2);

DIL =
ILr

(9)
o

where ILR is the intervention level of dose for relocation (Sv);
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SF7 is a time-averaged shielding factor that takes account of
shielding provided by buildings and of the fraction of time 
spent indoors; and

DCF, the dose conversion factor (see Eq. (1)), is given by the
denominator of Eq. (9) (Sv per Bq-nr2).

A compilation of the integral over one year of the whole body gamma dose equiva
lent rate (to individuals assumed to be permanently outdoors) per unit deposit for 
selected nuclides is given in Table IX o f Annex I (paras A212-A213) together with 
data on shielding factors for a range of types of building structures (Table X). The 
integration time of one year is in accordance with the period specified in Table II (B) 
for the intervention levels of dose for application to the intermediate phase.

2. Measured gamma dose rate above a contaminated surface

433. The DIL for relocation (Sv-s_1), expressed in terms of a gamma dose rate 
measured in the open one metre above a contaminated surface, is given by:

DIL =  - ^ 2 -  (10)
0-SF7

where ILR is the intervention level o f dose for relocation (Sv);
SF^ is a time-averaged shielding factor that takes account of shielding 

provided by buildings and of the fraction of time spent indoors;
6 is the integral over one year of the whole body dose equivalent rate 

per unit dose rate from the nuclide at time zero (Sv per S v -s'1) and 
can be expressed as:

J
l a

D7(t) dt

e =  — --------------
D7(0)

where D  ̂ is the whole body (or effective) gamma dose equivalent rate per 
unit deposit of a nuclide on the ground; and 

DCF, the dose conversion factor (see Eq. (1)), is given by 0-SF7 (Sv 
per S v -s'1)-

A compilation of 6, the integral of the dose rate over one year per unit dose rate at 
time zero, is given in Table IX of Annex I (para. A212) for nuclides that are poten
tially significant contributors to this pathway. In evaluating these doses, account has 
been taken of radioactive decay and the effects of shielding due to migration of the 
radionuclide away from the surface. The doses are applicable to the exposure of
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people permanently outdoors and appropriate modifications should be made to take 
account of periods spent indoors and of the additional shielding that this would 
afford. Guidance is given in Table X of Annex I (para. A213) on shielding factors

Inhalation of resuspended material

434. The DIL for internal exposure due to the inhalation of resuspended material 
(B q-m '2) for relocation is given by:

where the symbols have the same meanings as in Eq. (8) and ILR is the intervention 
level o f dose for relocation (Sv).

435. The choice of values for the parameters in the denominator of Eq. (11) is dis
cussed in paras 422-426. Because of the major uncertainties in the prediction of 
resuspension factors and of their variation with time (para. 426), emphasis should 
be placed whenever practicable on the use of direct measurement of airborne concen
trations rather than the application of resuspension factors to surface deposition 
levels. This is of particular importance in the intermediate phase when estimating 
potential exposure via inhalation of resuspended material as a basis for determining 
the need for relocation.

436. Some guidance on the choice of resuspension factors and their variation with 
time is given in Annex I (para. A218).

INGESTION OF RADIONUCLIDES IN FOOD

437. Following an accidental release, measurements will be made o f the contamina
tion of potentially significant foodstuffs and drinking water. The prior establishment 
of DILs, expressed in terms of the concentration of nuclides in these products and 
also in pasture, provides a useful basis for making judgements on the need to imple
ment protective measures. DILs could, in principle, be evaluated for a large number 
o f nuclides and foodstuffs. In general, however, it is sufficient to limit consideration 
to (i) those foodstuffs which are potentially significant contributors to dose and to
(ii) those few nuclides where transfer through food-chains is potentially a major 
source of exposure. Throughout this section all the procedures described fo r  the

for a range of buildings likely to be of practical interest.

DIL =
ILr

(11)

General
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estimation o f DILs are based on the assumption that only one nuclide and one food
stuff contributes to diet. In practice several foodstuffs and nuclides contribute. Addi
tivity procedures for taking this into account when establishing DILs for practical 
application are described in Section V.

438. Major differences can be expected between DILs for foodstuffs which are con
sumed as they are produced (i.e. ‘fresh’ produce) and those which are consumed 
over extended periods from storage (i.e. ‘preserved’ foods). Procedures are 
described for the estimation of DILs for a given foodstuff consumed in both these 
ways. Separate consideration is given to procedures for estimating DILs expressed 
in terms of the concentration of nuclides in foodstuffs and in terms of the concentra
tion (or deposition) of radionuclides in pasture grass. Because of the differences in 
approach for estimating DILs in drinking water (compared with those adopted for 
foodstuffs in general), these procedures are also considered separately.

1. Concentrations o f radionuclides in foodstuffs

439. DILS can be estimated for foodstuffs in a variety of forms, ranging from those 
in which they are actually consumed to those in which they are produced/harvested. 
The DIL (Bq-kg*1) for a foodstuff g in a form in which it is consumed can be 
expressed as:

ILf
DIL =  — —-----—  (12)

Ig ‘ Ding' Gg

where ILF 

*g 
D;ing

is the intervention level of dose for food restrictions (Sv); 
is the annual intake of foodstuff g (kg-a-1); 
is the committed effective (or single organ) dose equivalent per 
unit intake of the nuclide by ingestion (Sv-Bq_l); 
is the ratio of the integral over one year of the nuclide concentra
tion in foodstuff g to the concentration in that foodstuff at a speci
fied time (B q -a-k g '1 per B q -k g '1) and can be written as:

Gg =

C,(t) dt

Cg(tp)

where Cg(t) is the concentration of the nuclide in the foodstuff g at time t 
(Bq-kg-1);
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tp is the time at which the DIL is applicable and is the time at which 
the concentration should be measured for direct comparison with 
the DIL; alternatively, concentrations measured at other times 
should be normalized to correspond to the time for which the DIL 
was estimated; and 

DCF, the dose conversion factor (see Eq. (1)), is the denominator of Eq.
(12) (Sv per B q-kg-‘).

440. DILs can also be estimated for foodstuffs in forms other than those in which 
they may be consumed (e.g. in freshly picked vegetables prior to washing, removal 
o f outer leaves, etc.). For foodstuffs in these forms the DILs can be estimated using 
a modified version of Eq. (12) as follows:

IFF-f (13>
DIL = ------- --------

lg ' Ding ‘ Gg

where the symbols have the same meanings as in Eq. (12), and

f is the ratio of the nuclide concentration in the foodstuff in a form 
in which it is to be measured (and for which the DIL applies) to 
the concentration in the foodstuff as consumed; this ratio will be 
equal to or greater than unity.

441. In general, the most appropriate measure for comparison with a derived level 
is the concentration in the foodstuff soon after deposition onto agricultural land (i.e. 
tp ~  0). For some foodstuffs, however, there may be considerable delay (e.g. 
several days for milk and even longer for some nuclides in meat) before activity con
centrations in the foodstuffs reach their peak. For these foodstuffs the peak value of 
activity concentration (at whatever time it occurs) is often a more appropriate basis 
for establishing the DIL and making decisions on restrictions, and it can be 
conveniently related to the integrated activity concentration.

442. The DIL for the nuclide concentration in food can be readily determined from 
appropriate substitution in Eqs (12) and (13). The most restrictive of the DILs 
obtained when substituting single organ or effective doses into Eqs (12) and (13) 
should be adopted; in this process it will in general be sufficient to limit consideration 
to the effective dose, with the exception of DILs for isotopes of iodine and tellurium, 
which preferentially irradiate the thyroid (see paras 321 and A205-A206). The 
rationale for choosing intake rates and dosimetric data has been discussed earlier 
(paras 312-321). It would usually be sufficient to derive intake rates of food from 
national or regional statistics unless there are indications that local conditions are 
significantly different. Because the exposed population is likely to include all age
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groups, the sensitivity of the DIL to the age of the exposed individual should be 
investigated and, in general, the most restrictive value adopted. Where the DIL is 
very sensitive to the age of the exposed individual, consideration might be given to 
limiting the protective measure to subgroups in the population. These aspects, 
together with the choice of intake rates, are closely associated with the philosophy 
underlying the choice of the intervention level o f dose (paras 312-313 and 319), and 
the overall approach should be internally consistent.

443. The quantity Gg, which is the ratio of the integral over a year of the nuclide 
concentration in foodstuff g to its concentration at time tp, can be evaluated using 
an appropriate food-chain model. A number of models [24-31] of varying com
plexity are available to predict the temporal environmental transfer o f radionuclides 
deposited from the atmosphere to foodstuffs. The choice of model for estimating 
derived levels will reflect its relevance to the circumstances of interest and the degree 
of accuracy required. Many additional factors particular to local and national agricul
tural practices may need to be specified to enable the function to be evaluated with 
adequate reliability. Such factors may include, for example: the processing of the 
food product before consumption (resulting in the removal or loss of the contaminant 
during food preparation or processing) and the occurrence of delays before the 
product is actually consumed; the bulking together of contaminated foodstuff with 
that from uncontaminated areas, thus diluting the concentration of the contaminant 
per unit mass of foodstuff; and agricultural practice, for livestock, involving the use 
of stored feed, particularly in winter. In the derivation of values of Gg, the cautious 
assumption would in general be made that the individual’s total annual intake of a 
given food product is obtained from a single source or location (i.e. the total annual 
intake is assumed to be initially contaminated at the same level). Other assumptions 
could be adopted, however, to reflect likely practices following an accident or to 
reflect more accurately local dietary habits (e.g. annual intake from various 
sources/locations with different initial contaminations, which might be more or less 
contaminated or even free of contamination). These and other factors must be identi
fied and carefully evaluated when establishing relationships between the concentra
tion of a nuclide in a food product at some time after an accident and the 
time-integrated activity concentration in an individual’s diet.

444. In establishing DILs for practical application, there are two limiting scenarios 
that need to be considered in respect of agricultural practice and food consumption 
patterns. The first relates to foodstuffs produced quasi-continuously and consumed 
within a short time of their production. Examples of foodstuffs in this category are 
fresh milk and some fresh vegetables or fruit which have limited ‘shelf-lives’; in 
general, all ‘fresh’ produce falls into this category. The second relates to foodstuffs 
produced or harvested, often in bulk, and then consumed from storage over an 
extended period. Storage may be in many forms (e.g. simple packaging, 
canning/bottling, drying, freezing, etc.) and most foodstuffs may fall into this
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category, the extent varying with the agricultural and consumption practices 
prevalent in a particular region or country.

445. The quantity Gg (see para. 443) will vary significantly for the same foodstuff 
according to the manner o f its consumption (i.e. ‘fresh’ or ‘preserved’). This differ
ence can be readily appreciated by reference to a long-lived nuclide (e.g. 
caesium-137) in milk (or a green vegetable). For fresh milk (or a green vegetable) 
which is consumed as it is produced, the concentration will decline from a peak value 
with a half-life determined largely by the mean residence time of contamination on 
pasture (or surface vegetation); this is typically about 14 days. Conversely, if the 
milk (or a green vegetable) produced (or harvested) immediately following the acci
dent were to be processed (e.g. powdered, concentrated, frozen or canned) and con
sumed from storage over an extended period, the concentration in the produce would 
remain essentially constant throughout its consumption. Because of these differ
ences, separate DILs are needed for each foodstuff depending on its pattern of 
production and consumption.

446. The range of possible practices with respect to food production, storage 
and consumption is large, whether consideration is given to practices which are 
national, regional, local or individual. To be of most use the DILs should reflect, 
as realistically as is possible, the practices particular to the circumstances of interest. 
In Annex I, DILs are estimated for several foodstuffs subject to two assumptions 
with regard to the above practices. The two assumptions are chosen to bound largely 
the range o f practices likely to be o f practical interest. In one case the DILs are esti
mated for foodstuffs which are assumed to be consumed as they are produced; these 
are subsequently referred to as ‘fresh produce’. In the second case the foodstuffs are 
assumed to be produced/harvested following the accident, stored and then consumed 
uniformly over the year following; these are referred to as ‘preserved produce’. 
Scenarios between these two extreme cases (e.g. in which only a fraction of the 
annual intake of a product is harvested immediately following an accident and 
consumed from storage) can be envisaged and would lead to DILs within the ranges 
given in Annex I (subject to all the other parameters involved in the DILs remaining 
the same). The large differences for some nuclides in the DILs in Annex I for the 
two assumed practices provide a clear indication of the importance of developing 
DILs specific to the circumstances of interest, if  they are to remain representative 
of the intervention levels o f dose.

447. The potential loss or removal of contamination from foodstuffs during 
their processing or preparation for consumption is a further important parameter 
influencing DILs. Measurements may be made o f  radionuclide concentrations in 
foods either as they are produced/harvested or in the form in which they will be 
consumed. There is benefit, therefore, in establishing DILs for the two situations. 
The ratio of the concentration of a nuclide in a foodstuff, as produced or harvested,
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to that after it has been processed or prepared for consumption may vary con
siderably with the particular foodstuff, the type of processing/preparation undertaken 
(e.g. washing, removing outer leaves, etc.) and the nature of the contaminant. Some 
guidance [32-34] is given on the choice of values for the ratio f  for use in calculations 
of DILs in Annex I (paras A228-A229 and Table XVII). It is difficult, however, to 
recommend generically applicable values for this ratio as so much depends on the 
particular circumstances and the foodstuff considered. The potential variation is 
large, ranging from essentially unity (e.g. fresh milk) to more than 100 (e.g. peeled 
produce). For this reason, the DILs in Annex I are estimated for foodstuffs in the 
form in which they are consumed; DILs for foodstuffs as produced or harvested can 
be estimated by scaling by the ratio f  chosen specifically for the foodstuff and how 
it is prepared for consumption. In the event o f an accident, the DILs, incorporating 
the ratio f, could be refined as the accident progresses, by direct measurement of 
relevant foods before and after preparation for consumption.

448. In Annex I (paras A224-A227 and Tables XV and XVI), estimates are given 
of the quantity Gg for a range of foodstuffs making a major contribution to diet. The 
values have been derived on the assumption that the individual’s annual intake of a 
given product is obtained from the same source or location (i.e. the total annual 
intake is assumed initially to be contaminated at the same level). The values can be 
scaled accordingly for other assumptions (e.g. a fraction of the intake obtained from 
a source which was initially contaminated to a greater or lesser extent, or was uncon
taminated). Consideration is given to the two limiting scenarios o f practice of food 
production and consumption identified above. The values have been derived using 
a particular food-chain model [24, 25] and are subject to various assumptions about 
agricultural practice. Reference is also made in Annex I to other food-chain models 
that could equally well be used for this purpose, and to the variation in their 
predictions.

449. A simple model which can often give satisfactory estimates o f Gg for ‘fresh’ 
produce (particularly where the dominant transfer process is via surface vegetation) 
assumes that, following the initial deposition, the concentration o f the nuclide in the 
foodstuff falls as a function of time, with an effective half-life made up of a combina
tion o f the radioactive half-life of the radionuclide and a weathering half-life. The 
variation of the nuclide concentration can be expressed as:

Cg(t) =  Cg(0) e _Xt (B q-kg-1) (14)

where

X =  Xw +

and Xw is the weathering decay constant (a -1);
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XR is the radioactive decay constant (a -1);
Cg(t) is the concentration o f the nuclide in the food product g at time t following 

the initial deposit (B q-kg-1); and 
Cg(0) is the initial concentration.

The quantity Gg (para. 439) can be expressed as follows after substituting for Cg 
from Eq. (14):

(M a (M a
Cg(t)dt Cg(0) e -Xt dt

Jo  Jo  1 -  e x
G =  ----------------------- =  ----------------------------  =  -------------  (15)

g Cg(0) Cg(0) X V ’

where t is expressed in years after the deposition. Equation (15) is applicable to 
‘fresh’ produce. For ‘preserved’ produce which is produced/harvested immediately 
following an accident and consumed throughout the following year, the same model 
and equation can be used, but X should then include only radioactive decay, with no 
account being taken of weathering losses.

450. For DILs in surface vegetation the simple model described here will often be 
adequate. However, the temporal transfer o f deposited nuclides to animal products 
(e.g. milk, meat) is more complex and is influenced by animal feeding practices, 
retention o f nuclides on pasture, metabolism o f nuclides ingested or inhaled by the 
animal, etc. Historically, the DIL for milk has generally been expressed in terms of 
the peak concentration, although other conventions could equally well be adopted. 
In the absence of protective measures, the concentration in milk would increase 
following the deposition of a nuclide on pasture, but may not reach a peak for several 
days (depending on the nuclide considered) and would thereafter decline.

451. An example o f the temporal variation o f the concentration o f nuclides in milk 
and meat following deposition on pasture is illustrated in Fig. 2 [35]. In comparing 
measured levels with DILs it is apparent that due account must be taken o f the time 
after the accident at which the measurement is made and both quantities must refer 
to (or be normalized to) the same time. For the purposes of comparison, curves of 
this type can be used to adjust measured concentrations at the time o f sampling to 
the peak concentration (or vice versa). Similar considerations apply to the choice of 
appropriate quantities for DILs for other foodstuffs. Central to the process, however, 
is the prediction o f the time-dependent variation o f the nuclide concentration in 
‘fresh’ or ‘preserved’ produce and its relation to the integrated concentration of 
activity; models o f varying complexity are available for this purpose.

2. Levels of deposited radionuclides

452. DILS can also be expressed in terms o f concentrations of nuclides in pasture 
and can provide a useful initial basis for decisions on the need for restricting the
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production/consumption o f animal products such as milk and meat. Being further 
removed from the intervention level o f dose, such DILs are less reliable measures 
o f potential exposures than, for example, direct measurements o f foodstuffs. In 
practice, however, environmental measurements of concentrations in pasture would 
generally be available before those of foodstuffs, and derived levels expressed in 
these terms provide useful early indicators of the likely need for protective measures, 
or at least help to define areas where more detailed measurements of foodstuffs may 
be warranted. A DIL expressed in terms o f the concentration o f a nuclide in pasture 
is particularly useful in this respect, as measurements o f these levels can be made 
before significant contamination appears in milk or other animal products. Protective 
measures introduced on the basis of comparisons with such DILs should be refined 
by more direct measurements (i.e. o f the foodstuffs themselves) as soon as these 
become available.

453. The DIL, expressed in terms of the initial concentration o f a nuclide in pasture, 
can be evaluated using Eq. (12) (apart from minor revision to the definition of the 
quantity Gg, which in this case is the integral over one year of the nuclide concen
tration in the foodstuff per unit initial concentration of the nuclide in pasture). As 
described in paras 443-446, the value of Gg will differ according to whether the 
animal product is consumed as it is produced or consumed from storage.

454. The same food-chain models [24-31] previously referred to in para. 443 can 
be used to evaluate Gg, the integral of the concentration in the foodstuff per unit 
concentration in pasture. Estimates of this quantity are given in Annex I (paras 
A224-A227 and Tables XV and XVI). These have been derived using a particular 
model [24, 25] and are subject to an assumed agricultural practice. Reference is also 
made in Annex I to other models that can be used for this purpose. The values 
o f Gg have been derived under the same assumption as adopted previously (see 
paras 443 and 448) with regard to obtaining the annual intake of the foodstuff from 
a single location or source (i.e. the total annual intake is assumed to be initially 
contaminated at the same level). The values can be scaled accordingly for other 
assumptions (e.g. that a fraction of the diet is obtained from a source initially 
contaminated to a greater or lesser extent or from an uncontaminated source).

3. Drinking water

455. Owing to the differences which exist between the characteristics of water 
supply systems (e.g. in the dilution provided before extraction, in the water treatment 
plant and its effectiveness for removal of radionuclides, and in the time taken for 
transfer from deposition to consumption), it is not possible to model in a general way 
the transfer o f deposited material to drinking water. The temporal variation of the 
nuclide concentration in water is likely to vary significantly with the detailed charac
teristics of the water supply system. DILs (expressed, for example, in terms of the
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initial or peak concentration in water) will therefore need to be evaluated on a site- 
specific basis if the derived level is to be reliably linked to the intended intervention 
level.

456. The available data may sometimes be inadequate for a reliable estimate of the 
temporal transfer of nuclides to drinking water to be made. In such cases an approxi
mate and generally cautious estimate of the DIL can be calculated, expressed in 
terms o f the initial nuclide concentration (which is assumed to occur immediately); 
the approach assumes that the only process leading to a reduction in the nuclide 
concentration is radioactive decay. Subject to this extreme assumption, the DIL 
(Bq-kg-1) for the initial concentration of the nuclide in water is given by:

ILF
DIL -

(*T

V D ing- e - ^ d t
Jo

(16)

I L f -X r

Iw-Ding( l - e - xRT)

where ILf is the intervention level of dose for ingestion (Sv);
I w is the annual intake of drinking water (kg-a-1);
D in g is the committed effective (or single organ) dose equivalent per unit

intake o f the nuclide by ingestion (S v -B q '1);
is the radioactive decay constant (a-1); and

T is the assumed period over which water consumption continues (a).
In practice other processes such as sedimentation and dilution will be important 

and the considerable uncertainties and pessimism (i.e. underestimate of the DIL) in 
any value derived in the way described must be recognized.
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Section V

ESTIMATION OF DERIVED INTERVENTION LEVELS AND 
THEIR PRACTICAL APPLICATION

GENERAL

501. In Section IV, procedures were described for determining the DIL for a single 
nuclide using quantities that may be readily measured following an accidental release 
to the environment. The application of these techniques to estimate DILs is illustrated 
in Annex I. In this section particular consideration is given to the practical applica
tion of the procedures in the more likely situation with more than one nuclide and 
pathway contributing to exposure, and to their relevance and application in the early 
phase, when the future course of an accident is uncertain.

ADDITIVITY OF NUCLIDES AND PATHWAYS

502. The procedures described in Section IV, and their application in Annex I, were 
concerned solely with the estimation of DILs for single nuclides and for individual 
pathways of exposure. In practice, several nuclides may be released and exposure 
may occur simultaneously by more than one pathway relevant to the protective 
measure of interest. For a release containing several nuclides, the intervention level 
of dose may be exceeded if the DIL (or a significant fraction of it) were attained 
simultaneously by each nuclide in the relevant environmental medium; by definition, 
contamination by one nuclide alone at the DIL would lead to exposure at the inter
vention level o f dose (provided that the DIL is a realistic substitute for the interven
tion level of dose). A procedure is required, therefore, for applying the single 
nuclide/single pathway DILs to situations where exposure may occur from more than 
one nuclide or pathway, with the objective of implementing protective measures at 
the intervention level of dose.

503. This objective may be achieved in various ways with differing levels of 
complexity. In principle, it would be necessary to sum the contributions to the dose 
in each organ for each age group from all relevant pathways of exposure and from 
all nuclides. By comparing the dose to each organ with the appropriate intervention 
level o f dose it would be possible to decide whether or not countermeasures should 
be introduced. This procedure could be undertaken quickly and efficiently using 
modem computational techniques which are increasingly being used as aids to deci
sion making in the event of accidents at nuclear installations. However, in the early 
phase of an accident, given the overall uncertainties involved in making decisions 
(in particular those arising from the measurement or assessment of the concentrations 
of nuclides in environmental materials, as well as uncertainties in the dosimetric and
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environmental modelling used for calculating DILs), such sophistication is unlikely 
to be warranted. These techniques will almost certainly have greater value in the 
intermediate phase (especially the later stages) when time would be available for 
more detailed analysis and interpretation of the monitoring data.

504. Given the uncertainties inherent in estimating DILs, a much simpler procedure 
than the theoretical ideal described here can be adopted to take account o f exposure 
by multiple nuclides and pathways. A simple and easily applied procedure is 
described in what follows, together with the potential limitations on its use. Although 
the procedure contains a number of approximations, it is relatively robust in applica
tion and, in general, achieves an acceptable degree of accuracy in view of the other 
uncertainties.

505. The procedure consists o f summing, over all nuclides and exposure pathways 
relevant to the protective measure o f interest, the ratios of the measured level o f a 
nuclide in an environmental material to the DIL established for that nuclide for the 
appropriate environmental material and pathway. Where this summation exceeds 
unity the intervention level o f dose would be exceeded and implementation of the 
protective measure would be indicated. Expressed mathematically, the relevant 
protective measure would be indicated, and should if  possible be implemented, if the 
following relationship were satisfied:

E  E  L(i’ - -  *  1 (17)u  U  DIL(i.p)

where L(i,p) is the measured level of a nuclide i in an environmental material 
relevant to pathway p, and 

DIL(i,p) is the DIL for nuclide i in the same environmental material for 
exposure by pathway p, developed in respect o f a given protective 
measure.

In principle, the summation should be carried out over all nuclides in the release, 
but the summation over pathways must be confined to those relevant to the protective 
measure under consideration (for example, it would not be appropriate to include 
ingestion pathways when considering evacuation in the early phase).

506. This expression is applicable to all the DILs considered in this report with the 
exception o f those expressed in terms of the external gamma dose rate from radio
nuclides deposited on the ground (paras 420 and 433). In these cases the component 
of the relationship in Eq. (17) relating to summation over nuclides becomes:

S iF jD 7i 

Ei (Fi D7i/DIL(i,p))
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where Fj is the fractional abundance (in terms of activity) of nuclide i in the 
radioactive material deposited on the ground; and 

b 7; is the gamma dose rate (at height one metre) in the open per unit 
deposit o f nuclide i on the ground ( S v - s '1 per Bq-m -2).

507. For a release comprising many nuclides and where several exposure pathways 
are relevant to a protective measure, the summation in Eq. (17) may involve a 
considerable amount o f arithmetic. In practice, however, the summation rarely needs 
to be carried out over all nuclides present or all relevant pathways. Prior analysis 
of postulated accidents can help to determine where additivity would be an important 
consideration, and the summation can accordingly be limited to those nuclides and 
pathways of importance.

508. A number o f comments must be made on the approximations implicit in 
Eq. (17) and the potential limitations on its use. Some of the quantities in Eq. (17) 
are not strictly additive because the DILs may have different bases. Some may be 
based on single organ intervention levels of dose whereas others may be based on 
the whole body (or effective) intervention level; similarly, the DILs may refer to 
different subgroups in the population (i.e. infants, children, adults). This deficiency 
could be overcome if the relationship in Eq. (17) were tested sequentially, where in 
each case the DILs adopted all had the same basis (i.e. were applied to the same 
intervention level of dose and subgroup of the population). Such complexity is, 
however, unjustified in the context of the other uncertainties involved. The use of 
DILs with different bases in Eq. (17) would be conservative and would lead to the 
implementation of protective measures at lower doses than if additivity over nuclides 
and pathways were undertaken rigorously. In general, the degree of conservatism 
would be small in comparison with the uncertainty inherent in the estimation and 
practical application of DILs.

509. Any conservatism introduced would arise largely from summing over DILs 
established for individuals o f different ages in the exposed population. That arising 
from summation of DILs established on the basis of different intervention levels o f 
dose (i.e. single organs, whole body (effective)) will be small by comparison, subject 
to the following conditions: the DILs are all established for intervention levels o f 
dose that are significantly lower than those for which non-stochastic health effects 
may occur; and the DILs are all estimated for the intervention level expressed in 
terms o f effective dose (i.e. following the approach described in para. 321 and used 
in Annex I), with the exceptions of those cases where the thyroid or skin are 
preferentially irradiated. In these latter cases the DILs are based on the correspond
ing single organ intervention levels of dose.

510. Additivity over food pathways requires special consideration because of the 
many potential contributors to diet and the wide variation between individuals’ 
dietary habits, both quantitatively and qualitatively. The procedure to be adopted is
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inextricably linked with the rationale underlying the choice of the intervention level 
of dose for the restriction of foodstuffs. If the intervention levels have been 
established for application to individual categories of foodstuffs (e.g. milk, green 
vegetables) then the question of additivity over different foodstuffs does not arise; 
in such cases, the additivity in Eq. (17) can be limited to the relevant nuclides only. 
Conversely, if the intervention level had been established on the basis that the dose, 
summed over all contributors to diet, was to be maintained below this level, then 
additivity over both nuclides and foodstuffs must be taken into account in applying 
Eq. (17). Where this latter approach is adopted the practical implementation of food 
restrictions would be facilitated by preplanning the apportionment of the overall 
intervention level of dose among the significant dietary contributors (taking account 
of the dietary habits particular to the circumstances of interest) and establishing DILs 
for individual food categories, thus obviating the need for additivity at the time of 
an accident. In undertaking any additivity over food products, either in the event of 
an accident or as part of preplanning the apportionment of an overall intervention 
level o f dose among individual food categories, careful consideration must be given 
to whether additivity is strictly appropriate; for example, DILs calculated on the 
basis of critical group intake rates for each food category may not be amenable to 
additivity in any meaningful sense (e.g. critical consumers of milk may not be critical 
consumers of meat, vegetables, etc.). Equally, account should be taken of the respec
tive fractions of the intake resulting from ‘fresh’ and ‘preserved’ produce. (Note that 
the DILs evaluated in Annex I are based on the assumption that the total dietary 
intake of a given food product is obtained in a fresh or preserved form as appropri
ate.) The origins of the dietary intake are also important; in particular, the extent 
to which part of it may arise from essentially uncontaminated sources (either due to 
normal food distribution/commercial practice or as a result of the deliberate importa
tion of uncontaminated produce into an area affected by an accident).

511. Whichever approach is adopted, there is clearly a need for significant preplan
ning in order to develop a strategy for implementing food restrictions in the event 
of an accident. The interaction between the rationale underlying the choice of inter
vention level of dose (i.e. applied to total diet or individual food products) and the 
dietary habits assumed for the exposed individual must be recognized in developing 
this strategy. Furthermore, the assumptions with regard to the sources of food and 
dietary habits o f the exposed individual should be as representative as possible of 
those potentially affected.

NUCLIDES OF IMPORTANCE

512. The procedures in Section IV for evaluating DILs can be applied to any 
radionuclide. In principle it would be possible to evaluate derived levels for all
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TABLE IV. RADIONUCLIDES WHICH MAY BE OF POTENTIAL 
SIGNIFICANCE FOR ACCIDENTS AT NUCLEAR INSTALLATIONS

Of significance for reactor accidents
Of significance for 

accidents at fuel reprocessing plants

Kr-85m Sr-89
Kr-87 Sr-90
Kr-88 1-131
Sr-89 Ru-103
Sr-90 Ru-106
Zr-95 Cs-134
Ru-103 Cs-137
Ru-106 Ce-144
Te-132 Pu-238
1-131 Pu-239
1-132 Pu-240
1-133 Pu-241
1-135 Am-241
Xe-133 Cm-242
Xe-135 Cm-244
Cs-134
Cs-137
Ba-140
La-140
Ce-144
Np-239

Note: Reference should be made to Refs [36-39] for a more comprehensive summary of 
nuclides of potential radiological significance.

radionuclides, but in practice consideration can be limited to those which are poten
tially the most important for the circumstances of interest.

513. The important nuclides for any particular installation can be identified from 
safety analyses of the plant and estimates of the radionuclide composition of 
predicted accidental releases. They may differ markedly between different types of 
installation (e.g. reactors, reprocessing plants, fuel fabrication plants, isotope 
production units, etc.) and can only be specified with particular reference to the 
facility being considered and also the exposure pathway of concern.
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514. In isotope production units, DILs will probably be required for the complete 
range of nuclides being produced or incorporated into various products; no 
additional consideration is given here to this aspect. Various studies have been 
performed that identify the more important nuclides and pathways for accidental 
releases from installations in the nuclear fuel cycle [36-39]. A summary of the more 
important nuclides for different installations is given in Table IV. The list should be 
regarded solely as indicative of those nuclides for which it may be useful to establish 
DILs. Reference should be made to reports of the type identified here for a more 
detailed appraisal o f the significance o f particular nuclides in various circumstances.

APPLICATION OF DERIVED INTERVENTION LEVELS IN THE 
EARLY PHASE

515. In the very early stages of an accident, little information is likely to be available 
on the quantity of radioactive material being released, on its radionuclide composi
tion or on how the accident may progress, and few results can be expected from 
environmental monitoring. In these circumstances, DILs expressed, for example, in 
terms o f time-integrated concentrations of a nuclide in air, are likely to be of little 
practical value, particularly if  the nuclide composition of the release is unknown and 
the future course of the accident uncertain. The efficacy o f protective measures in 
the early phase o f an accident is, however, very dependent upon their timely 
implementation, and further consideration needs to be given to the possible use of 
DILs as aids to decision making in these circumstances. In some cases, because of 
the status of the plant and projections of the possible development of the accident, 
precautionary protective measures may be implemented in the pre-release period of 
the early phase (para. 203); in these circumstances DILs expressed in terms of calcu
lated environmental contamination are not relevant. The following discussion is con
cerned with situations where decisions to implement protective measures are to be 
based on limited environmental measurements taken in the early stages of an 
accident.

516. Prior analyses of the response of an installation to a wide variety of postulated 
faults provide a valuable aid to the development o f emergency arrangements for 
application in the early stages of an accident. For example, estimates of the likely 
radionuclide composition of postulated accidental releases are an important con
sideration when optimizing off-site monitoring arrangements; similarly, estimates of 
the likely duration of releases and the extent to which the release rate will vary with 
time are important inputs into decisions on the urgency with which countermeasures 
may need to be implemented. Moreover, a broad understanding o f the plant and its 
response to a wide variety o f fault conditions is a prerequisite for making reliable 
judgements on the basis of the very limited information from environmental monitor
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ing likely to be available in the early stages (or possibly in the absence of any such 
information).

517. Often the earliest results o f environmental monitoring are likely to include 
measurements of dose rates and gross beta and gamma activity in air. The interpreta
tion of such measurements in terms of the need for protective measures requires 
judgements to be made on the radionuclide composition o f the release and its likely 
duration and magnitude. Prior analyses o f postulated fault conditions can be used to 
determine the range of nuclide compositions that might be encountered. For each 
postulated release (or class o f releases having similar radionuclide composition) 
a DIL, expressed in terms of the gross beta/gamma activity level in air, can be 
evaluated as:

where DIL (gross is the DIL for the time integral of the gross beta/gamma 
beta/gamma) activity concentration in air for a given protective measure 

and exposure pathway (B q-s-m -3);

518. Where the DIL is not a sensitive function of the postulated nuclide composition 
of the release, it could be used as a basis for comparison with measured gross 
beta/gamma levels o f activity in air as an input into the need for protective measures 
in the early stages of an accident. The choice o f the most appropriate level for appli
cation from among those predicted for different release compositions should reflect, 
among other factors, the likelihood of the various release scenarios and the extent 
to which it is judged desirable to adopt a cautious approach (e.g. adoption of the most 
restrictive DIL would result, in some circumstances, in the taking of protective 
measures where the doses would be much lower than the intervention level of dose). 
Even where the derived level varies significantly with the composition of the release, 
the development o f such quantities, and their comparison with measured levels, is 
useful in providing an early indication of the potential significance of an accidental 
release; the initial information could subsequently be refined by determining the 
nuclide composition using techniques such as gamma spectrometry. Where the need 
for, or the desirability of introducing, protective measures is very closely dependent 
upon the nuclide composition of a release from a given installation, the monitoring

DIL(gross beta/gamma) = (18)

DIL(i) is the DIL expressed in terms of the time integral o f the con
centration of nuclide i in air for the same protective measure 
and exposure pathway (B q -s-m '3) (see para. 407); and
is the fraction of the gross beta/gamma activity in the postu
lated release contributed by nuclide i.

4 5

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



programme should be arranged so as to establish the nuclide composition as soon as 
practicable. Major improvements in instrumentation, etc., in recent years have made 
it possible to undertake gamma spectrometry of environmental samples quickly and 
reliably ‘in the field’ and these techniques can be utilized where necessary. An 
example of the development of DILs, expressed in terms of gross beta/gamma 
activity in air, for use in emergency planning, is described by Macdonald et al. [40].

519. The other major consideration which may influence the interpretation of 
monitoring results obtained in the early stages of an accident is the predicted future 
progression of the accident and, in particular, the likely duration of the release and 
the variation in the release rate during this period. Again, detailed prior analyses of 
the likely response of the plant to a wide spectrum of fault conditions would be 
important in arriving at such judgements. On the basis o f these analyses, DILs, 
expressed, for example, in terms of time-integrated concentrations of nuclides in air, 
would need to be modified to enable comparison with measured concentrations 
which, in general, would be average values over the sampling period. Such correc
tion factors can be readily applied and, in general, a cautious approach would be 
likely to be adopted.
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Annex I

DERIVED INTERVENTION LEVELS FOR SELECTED 
NUCLIDES AND EXPOSURE PATHWAYS

A l. INTRODUCTION

A 101. The relationship between a DIL and the intervention level o f dose depends 
upon many parameters. Among the more important are the habits o f the potentially 
exposed individuals (e.g. their diets), the physical and chemical forms of the released 
material and its metabolism when taken into the body, agricultural practices, and 
food preparation and processing. The potentially wide variation in many o f these 
parameters, with both the circumstances and the location of the release, make it 
impossible to estimate universally applicable DILs. A further complication is the 
possible use o f different intervention levels of dose by different countries.

A102. To be of greatest use, DILs should be developed which are particular to the 
circumstances of the postulated accident and to local environmental conditions; these 
may often be sufficiently similar, however, for generic levels to be developed within 
particular countries or regions for application to accidental releases from installations 
of particular types.

A103. Estimates are made in Annex I, however, o f DILs for selected nuclides and 
pathways of exposure of potential radiological significance. The main purpose in 
providing these estimates is to illustrate the application of the procedures described 
in this report (which are generically applicable) to assist those who may wish to apply 
them to their own particular circumstances. The DILs are estimated subject to a 
number of assumptions on the intervention level of dose, the characteristics of the 
released nuclides, the habits of the exposed individuals (e.g. diets) and local environ
mental conditions. These assumptions are set out in Section A2. The estimated DILs 
are particular to these assumptions and should not be applied to circumstances that 
differ from them without careful consideration. Each of the parameters influencing 
the DILs is apparent in the following analysis and alternative values to those assumed 
can be inserted to calculate DILs for particular circumstances. This can be accom
plished, in most cases, by simple scaling.

A104. For each of the estimated DILs, guidance is given on the extent to which 
it might find generic application. This guidance is based on judgements of the sensi
tivity of the DIL to plausible variations in the values of the various parameters on 
which it depends (e.g. individual habits, environmental conditions, etc.). The
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purpose of this guidance is to provide users of the document with a simple yet robust 
means of deciding the following:

(a) Whether the DIL given here can be applied directly after scaling for possible 
differences in intervention levels o f dose (presented in bold type in the tables);

(b) Whether the DIL given here can be applied subject to simple scaling to accom
modate further differences (i.e. other than in the intervention level of dose) in 
the assumed values o f the parameters influencing the DILs (presented in italic 
type in the tables); or

(c) Whether the DIL given here is likely to be very specific and should therefore 
be re-evaluated for the particular case and specific circumstances of interest 
(presented in ordinary type in the tables).

The DILs, and the associated guidance on their ranges of applicability, provide a 
simple framework that can be used to establish DILs applicable to particular circum
stances in those cases where, for whatever reason, DILs are not to be estimated from 
first principles. In using any o f the DILs (or suitably scaled values) from this annex, 
the importance o f ascertaining their applicability to the circumstances o f interest 
cannot be overstated. The need for the DIL to be a realistic substitute for the inter
vention level of dose must not be overlooked.

A2. BASIC ASSUMPTIONS AND DATA USED IN ESTIMATING
DERIVED INTERVENTION LEVELS

Basis

A201. DILs are estimated for selected nuclides and exposure pathways for each of 
the derived quantities and protective measures described in Section IV. Considera
tion is limited to those nuclides (see Table V) likely to be of major radiological sig
nificance in the context of accidental releases from installations in the nuclear fuel 
cycle. Separate consideration is given to DILs for the early and intermediate phases 
of an accident.

A202. Many of the data used in the analysis are common to several of the DILs 
and, for convenience, these data are summarized together in this section. Some data 
are particular to only one derived quantity and are listed in the section specific to 
the estimation of that DIL. In addition to the data adopted for use in this analysis, 
comment is made upon, and reference is made to, other potential sources of data for 
each o f the important parameters.

A203. Throughout this analysis the DILs are evaluated for the lower bounds o f the 
intervention levels o f dose proposed in Safety Series No. 72 [3] (see Table II o f the 
main text and Table VI in this annex). There is no implication that the lower bound 
values are the most appropriate for use in any particular case; this convention is
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TABLE V. RADIOACTIVE HALF-LIVES AND DECAY CONSTANTS FOR 
THE NUCLIDES ANALYSED

Nuclide Half-life
(S’ 1

Decay constant

(a~ )

Kr-85 10.7 a 2.05 X i o -9 6.47 X 10-2
Kr-85m 4.48 h 4.30 X 10-5 1.36 X 103
Kr-87 1.27 h 1.52 X 10-4 4.78 X 103
Kr-88 2.84 h 6.78 X 10-5 ■ 2.14 X 103
Sr-89 50.5 d 1.59 X 10-7 5.01 X 10°
Sr-90 29.1 a 7.54 X 10-10 2.38 X 10~2
Zr-95 64 d 1.25 X 10-7 3.96 X 10°
Nb-95 35.2 d 2.28 X 10-7 7.20 X 10°
Ru-103 39.3 d 2.04 X 10-7 6.45 X 10°
Ru-106 368 d 2.18 X 10-8 6.88 X i o - ‘

Te-132 3.26 d 2.46 X 10-6 7.77 X 101
1-131 8.04 d 9.98 X 10-7 3.15 X 101
1-132 2.3 h 8.37 X 10-5 2.64 X 103
1-133 20.8 h 9.26 X 10~6 2.92 X 102
1-135 6.61 h 2.91 X 10-5 9.19 X 102
Xe-133 5.25 d 1.53 X 10-6 4.83 X 101
Xe-135 9.09 h 2.12 X 10-5 6.68 X 102
Cs-134 2.06 a 1.07 X 10-8 3.36 X io- 1
Cs-137 30.0 a 7.32 X 10-'° 2.31 X i o -2
Ba-140 12.7 d 6.30 X 10-7 1.99 X 101
La-140 1.68 d 4.78 X 10-6 1.51 X 102
Ce-144 285 d 2.82 X 10-8 8.91 X i o - ‘

Np-239 2.36 d 3.40 X 10-6 1.08 X 102
Pu-238 87.7 a 2.50 X 10-‘° 7.90 X i o -3
Pu-239 24 100 a 9.13 X 10-13 2.88 X i o -5
Pu-240 6 540 a 3.36 X 10-12 1.06 X 10-4
Pu-241 14.4 a 1.53 X 10-9 4.81 X i o -2
Am-241 432 a 5.08 X 10-" 1.60 X 10-3
Cm-242 163 d 4.93 X 10-8 1.56 X 10°
Cm-244 18.1 a 1.21 X 10-9 3.83 X i o -2
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TABLE VI. INTERVENTION LEVELS OF DOSE ASSUMED FOR THE 
PURPOSES OF ESTIMATING DERIVED INTERVENTION LEVELS

Phase Protective measure

Intervention level of dose3 
(mSv)

Whole bodyb , K 
(or effective) Smgle organ*

Early0 Sheltering 5 50

Stable iodine — 50d

Evacuation 506 500

Intermediatef Control of 
foodstuffs and 5 50
water®

Relocation 50e

a Lower bounds of the ranges of intervention levels of dose proposed in Safety Series 
No. 72 [3].

b All the DILs in Annex I are evaluated for the whole body (or effective) intervention level 
of dose, with the exception of nuclides and pathways of exposure that lead to the preferen
tial exposure of the skin or thyroid (see paras 321, 508, A205 and A206). 

c For the early phase the dose to be compared with the intervention level is that projected 
to be received (or committed from intakes) within one week of the accident. 

d Applies only to the thyroid.
e Strictly, the intervention levels of dose for evacuation and relocation are expressed in 

Ref. [3] in terms of the whole body dose and not the effective dose. However, for the 
present purposes these intervention levels are assumed to apply to the whole body dose, 
or the effective dose, whichever is the more restrictive. This approach is reasonable in this 
context where the lower bounds of the intervention levels of dose have been adopted and 
the risk from exposures up to these levels is only stochastic. 

f For the intermediate phase the dose to be compared with the intervention level is that 
projected to be received (or committed from intakes) within one year of the accident.

8 The DILs for foodstuffs are evaluated on the assumption that the intervention level of dose 
applies to exposure due to intakes of a given foodstuff (as opposed to exposure due to total 
dietary intakes). Appropriate allowances would need to be made where the intervention 
level was intended to apply to exposure due to the total dietary intake (see paras 510-511).
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adopted merely for convenience and to provide a consistent approach throughout the 
analysis. In general, the DILs can be simply scaled to accommodate any other inter
vention level o f dose. A more complex process of scaling may be necessary where, 
in addition to a different intervention level of dose, the ratio between the single organ 
and whole body intervention levels o f dose differs from that in Table VI (i.e. differs 
from a factor of ten). In this case it would be necessary to determine whether the 
DIL is based on a single organ or whole body intervention level of dose before mak
ing the necessary adjustment.

A204. For those DILs which involve the intake of radionuclides into the body, 
consideration is given to the influence of age at intake in establishing the DIL. For 
external radiation the dose is relatively insensitive to age at exposure and this aspect 
is not taken into account in establishing DILs for this mode o f exposure. Ideally, for 
internal exposure the DIL should be evaluated as a continuous function of age at 
intake and the most restrictive value adopted. Given the inherent uncertainties 
associated with predicting internal doses and their variation with age at exposure, a 
simpler approach [11] is adopted here. The DIL is estimated for intakes by a one 
year old infant, a ten year old child and an adult. The most restrictive value is 
adopted because, in general, exposed populations will include all age groups. Where 
the DIL varies considerably with age this fact is identified, because it may sometimes 
be judged appropriate to apply a particular protective measure to a subgroup in the 
population.

A205. In Safety Series No. 72 [3] intervention levels are specified in terms of 
whole body (or effective) and single organ doses. In this annex the DILs are all 
evaluated for the lower bound of the intervention level expressed in terms of the 
whole body (or effective) dose, with the exception of: (a) DILs relevant to the intake 
of iodine or tellurium isotopes into the body; and (b) those for which irradiation of 
the skin is the dominant exposure pathway. Several factors account for the need for 
special consideration of these exceptions. Intakes of iodine and tellurium isotopes 
lead to preferential irradiation of the thyroid. The non-fatal cancer component of the 
risk from thyroid exposure (which in terms of incidence exceeds that o f fatal cancer 
by about a factor o f ten) is not, however, taken into account in the formulation of 
effective dose. Skin exposure is not included in the definition of effective dose, 
although this omission is rarely important other than when the skin is the only 
significantly exposed organ. Some guidance has been given in Ref. [41] on the inclu
sion, in the effective dose, of the fatal cancer component of the risk o f skin irradia
tion, but not for the non-fatal component; the incidence of the latter exceeds that of 
fatal skin cancer by a factor of about 100.

A206. The approach outlined here, and adopted in this annex, for estimating DILs 
is not strictly in accord with the procedures set out in Sections III and IV (i.e. the 
most restrictive of the DILs estimated on the basis o f the whole body (or effective)
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or single organ dose should be adopted in each case). However, this simplification 
is judged acceptable, both conceptually and in the context o f other uncertainties 
inherent in the estimation of DILs. In general, there can be little if any justification 
for the additional complexity of considering single organ intervention levels of dose 
(with the exceptions of the thyroid and skin discussed earlier) in addition to that for 
the whole body (or effective), provided the intervention levels are below those for 
which non-stochastic (or threshold-dependent) health effects may occur. If DILs 
were being estimated for intervention levels o f dose close to the non-stochastic 
regime, the more rigorous approach given in Sections HI and IV should be adopted. 
In general, however, protective measures are likely to be implemented at levels of 
dose far below those at which non-stochastic effects may occur.

A207. The DILs quoted in this annex are rounded to one significant figure as a 
reflection of the uncertainty associated with their estimation; where the value of the 
significant figure falls within the range one to three the rounding has, however, been 
carried out to the nearest multiple of 0.5 to achieve a more uniform measure of preci
sion in the values arising from the rounding process. No detailed consideration is 
given to the uncertainty in each of the DILs estimated in this annex but it is likely 
to vary significantly, increasing in general as the number of steps, or processes, 
between the derived and primary intervention levels increases.

Data

1. Nuclides analysed

A208. The nuclides for which DILs are estimated in this annex are summarized 
in Table V together with their radioactive decay constants. They have been selected 
on the basis o f their potential radiological significance, taking account of their radio
toxicity, environmental transfer and potential for release in accidents in the nuclear 
fuel cycle.

A209. In general, DILs are estimated only for the exposure pathways of potential 
significance for the particular nuclide. For example, for the noble gases, considera
tion is limited to DILs for the time integral of the airborne concentration of the 
nuclide; this can be used as a substitute for the external beta exposure of the skin. 
There are some exceptions to this generalization; in particular, where DILs for some 
nuclides and pathways are included to provide additional perspective.

2. Assumed intervention levels o f  dose

A210. The DILs in this annex are all estimated for the lower bounds of the ranges 
of the intervention levels o f dose proposed in Safety Series No. 72 [3]. These lower 
bounds are summarized in Table VI.
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3. Dosimetric data

Internal exposure

A211. The dosimetric data for internal exposure used in this Annex are summa
rized in Tables VII and VIII for intakes via inhalation and ingestion, respectively. 
The data have been taken from Ref. [14] but updated in Ref. [15], which incorporates 
a number of recent changes in dosimetric and metabolic parameters. The doses for 
ingestion of isotopes o f the actinide elements are based on the gut transfer fractions 
recommended in Ref. [42]. In general, the committed effective dose equivalent per 
unit intake of each nuclide is quoted, with the exception of isotopes o f iodine and 
tellurium, where committed thyroid doses are given (see paras A205 and A206). 
Data are given for intakes by an infant (one year), child (ten years) and adult (see 
para. A204). Each nuclide, with the exception of isotopes of iodine, is assumed to 
be in an oxide form; iodine is assumed to be in the elemental form. The lung class 
and gut transfer fractions given in Tables VII and V in  are applicable to the oxide 
form of each nuclide. For other chemical forms the lung class and gut transfer 
fraction may differ and consideration must be given to these aspects before adopting 
the doses in Tables VII and VIII. Data on dose per unit intake for nuclides in other 
physical or chemical forms can be found in Refs [12, 14, 15].

External exposure: gamma doses from deposited material

A212. The integral, to various times, of the external gamma dose rate from unit 
deposit on the ground of potentially significant nuclides is given in Table IX. In addi
tion, the same integral is given per unit dose rate measured in the open, one metre 
above the ground, immediately following the deposition of each nuclide. The values 
are taken from Ref. [11] and are applicable for estimating the doses to people perma
nently outdoors. Appropriate correction factors need to be applied to take account 
of the shielding by the type of buildings in which time is spent indoors, and the length 
of time so spent.

A213. The time-averaged shielding factor SF7 is dependent upon two principal 
parameters: the shielding provided by buildings and the time spent inside those build
ings. It may be estimated as:

SF7 =  1 +  x ( S - l )

where S is the shielding factor, i.e. the ratio o f the dose inside a building to that 
outside; and

x is the occupancy of buildings, i.e. the fraction of time spent indoors.

Shielding factors vary considerably depending on, among other factors, the size of 
the building, materials and mode of construction, window area, location of the

Text continued on p. 59.
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TABLE VII. COMMITTED DOSE EQUIVALENTS FOR UNIT INTAKE BY
INHALATION

Committed effective (or thyroid) dose 
equivalent 

(Sv-Bq-‘)a-c

Infant Child Adult
(at one year) (at ten years)

Sr-89 D 1.2 X 10-8 3.9 X 10-9 1.6 X 10-9
Sr-90 D 2.1 X 10-7 8.1 X 10-8 5.7 X 10-8
Zr-95 D 2.9 X i o -8 1.1 X 10-8 5.1 X 10-9
Ru-103 Y 1.3 X i o -8 4.6 X i o -9 2.1 X i o -9
Ru-106 Y 7.8 X i o -7 2.6 X i o -7 1.2 X i o -7
Te-132b D (4.8 X 10'7) (1.3 X 10~7) (4.2 X 10-8)
I-131b D (2.3 X lO '6) (7.4 X 1 0 7) (2.7 X 10-7)
I-132b D (1.6 X 10-8) (4.2 X 10-9) (1.6 X 10-9)
I-133b D (4.6 X 10-7) (1.2 X 10-7) (4.4 X 10-8)
I-135b D (7.8 X 10-8) (2.1 X 10-8) (7.6 X 10-9)
Cs-134 D 1.1 X i o -8 1.1 X i o -8 1.1 X 10-8
Cs-137 D 9.1 X 10-9 8.0 X i o -9 7.7 X 10-9
Ba-140 D 5.9 X i o -9 2.1 X 1 0 9 9.6 X 10-10
Ce-144 Y 6.1 X i o -7 2.0 X 10-7 9.5 X 10-8
Np-239 W 4.0 X i o -9 1.4 X i o -9 6.0 X 10-1°
Pu-238 Y 1.9 X 10-4 9.8 X i o -5 7.5 X 1 0 5
Pu-239 Y 1.9 X 10-4 1.0 X 10“4 00 © X i o -5
Pu-240 Y 1.9 X 10-4 1.0 X 10-4 8.0 X 10-5
Pu-241 Y 1.9 X 10-6 1.4 X 10-6 1.3 X 106
Am-241 W 2.4 X 10-4 1.3 X 10-4 1.2 X 10-4
Cm-242 W 2.8 X 10-5 9.4 X 10-6 4.5 X 10 6
Cm-244 W 1.8 X 10-4 8.3 X 10-5 6.5 X 10-5

a To describe the clearance of inhaled radioactive materials from the lung, materials are clas
sified as D, W or Y, which refer to their retention in the pulmonary region (Ref. [12], 
Part 1, Section 5.2). Nuclides are assumed to be in oxide form apart from iodine isotopes 
(elemental). For other chemical forms of practical interest, the doses will differ, but in 
general only by a small factor. 

b The values given are the committed effective dose equivalent, with the exceptions of the
tellurium and iodine isotopes, for which the values are committed thyroid dose equivalents. 
For the iodine and tellurium isotopes considered, the thyroid intervention level of dose is 
the most restrictive in determining the DIL, subject to the adoption of the intervention 
levels of dose given in Table VI. The parentheses signify that thyroid doses are quoted. 

c Doses estimated for intake as an aerosol of 1 pm  activity median aerodynamic diameter
(AM AD).
Values taken from Refs [14, 15].

Radionuclide
class3
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TABLE VIII. COMMITTED DOSE EQUIVALENTS FOR UNIT INTAKE BY
INGESTION

Committed effective (or thyroid) dose 
equivalent 
(Sv/Bq)a_c

Infant Child Adult
(at one year) (at ten years)

Sr-89 3 X 10-' 1.5 X i o -8 5.2 X 10-9 2.2 X 10-9

Sr-90 3 X 10-' 1.2 X i o -7 4.6 X 10-8 3.3 X 10-8

Zr-95 2 X 10-3 5.0 X i o -9 1.9 X 10-9 9.2 X 10-10

Ru-103 5 X i o -2 4.3 X 10"9 1.6 X i o -9 7.4 X i o - ‘ °

Ru-106 5 X i o -2 4.0 X 10“8 1.3 X i o -8 5.8 X i o -9
I-131b 1 (3.7 X 10-6) (1.2 X 10-6) (4.4 X 10-7)

I-133b 1 (8.6 X i o - 7) (2.3 X 10-7) (8.3 X 10-8)

Cs-134 1 1.7 X i o -8 1.7 X i o -8 1.7 X 10‘8

Cs-137 1 1.3 X 10“8 1.2 X 10~8 1.2 X i o -8
Ce-144 3 X 10-4 3.7 X i o -8 1.3 X i o -8 5.4 X i o -9
Pu-238 1 X i o -5 4.9 X i o -8 2.0 X i o -8 1.3 X i o - g

Pu-239 1 X 10*5 4.7 X i o -8 2.1 X i o -8 1.4 X 10-8

Pu-240 1 X i o -5 4.7 X i o -8 2.1 X i o -8 1.4 X 10-8

Pu-241 1 X i o -5 3.9 X 10-10 2.4 X 10-10 2.1 X 10-10

Am-241 1 X 10-3 1.9 X 10-6 1.1 X io-6 9.8 X 10-7

Cm-242 1 X i o -3 1.8 X 10~7 6.3 X 10-8 3.0 X 10-8

Cm-244 1 X 10*3 1.4 X 10"6 6.6 X 10~7 5.4 X 10-7

a Nuclides are assumed to be in oxide form apart from iodine isotopes (elemental). For other
chemical forms different doses may be appropriate. This is particularly important for iso
topes of plutonium where the doses may be up to about one hundred times higher for more 
soluble or biologically incorporated forms (see Refs [14, 15, 42]). 

b The values given are the committed effective dose equivalent, with the exceptions of the
two iodine isotopes, for which the values are committed thyroid dose equivalents. For the 
iodine isotopes considered, the thyroid intervention level of dose is the most restrictive in 
determining the DIL, subject to the adoption of the intervention levels of dose given in 
Table VI. The parentheses signify that thyroid doses are quoted. 

c Values taken from Ref. [14] as updated by Ref. [15]. The doses for the actinide isotopes
are based on the gut transfer fractions recommended by the ICRP in Ref. [42],

_ , Gut transfer
Radionuclide . . .fraction8
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TABLE X. SHIELDING FACTORS FOR GAMMA RADIATION FROM 
DEPOSITED MATERIAL

Brick house 0.05-0 .3

Small multistorey building

Basement 0.01
Ground floor or first floor 0.05

Large multistorey building

Basement 0.005
Upper floors 0.01

Note: The shielding factor is the ratio of the dose inside a building to that outside.

These values have been taken from Ref. [43] and should be considered as indicative
of the respective building types. Further data can be found, for example, in Refs [36,
43],

TABLE XI. BETA DOSE TO SKIN PER UNIT TIME INTEGRAL OF THE 
CONCENTRATION OF THE NUCLIDE IN AIR [18]

Radionuclide
Beta dose to skin per unit time 

integral o f air concentration 
(Sv per Bq • s • n r3)

Kr-85 3.4 x  10-15

Kr-85m 3.9 x  10-15

Kr-87 6.7 x  10-14

Kr-88 1.2 x  10-14

Xe-133 8.3 x  10-16

Xe-135 5.3 x  10-15
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exposed individual, etc. They may vary from less than 0.01 to greater than 0.5. In 
estimating DILs, shielding factors should be selected appropriate to the particular 
circumstances, in view of the fact that they can exhibit large variations even within 
a given country or region depending on building type, etc. Typical values for various 
building types can be found in Refs [36, 43, 44] and those given by UNSCEAR [43] 
are summarized in Table X. The occupancy of buildings also varies from country 
to country, depending on climate, lifestyle, etc. Values typical of industrialized 
countries are about 90% indoors, 10% outdoors, but in estimating DILs data 
apppropriate to the circumstances of interest should be used. Some data on 
occupancy are contained in Refs [45, 46].

External exposure: beta dose to the skin from airborne material

A214. This pathway of exposure is important only for the noble gas radionuclides. 
For other nuclides it is insignificant in comparison with other pathways of exposure 
(e.g. inhalation, external gamma dose, etc.). Various compilations have been made 
o f beta dose to the skin from airborne material [11, 16, 18] and that given in 
Ref. [18] is summarized in Table XI. The doses take no account of shielding by 
clothing or of the fraction of the body effectively shielded while sitting or lying 
down, etc. The degree o f shielding will vary with individual habits, climate, time 
of day, etc., and a value of about 0.5 may be typical as a time-averaged value. In 
estimating DILs, however, a value appropriate to the particular circumstances should 
be used. In evaluating the DILs in this annex, a shielding factor SF^ of unity 
(i.e. no effective shielding) is cautiously assumed.

External exposure: beta dose to skin from material in the atmosphere deposited onto 
skin or clothing

A215. The beta dose to skin, expressed in terms of the airborne concentration 
of a nuclide, depends on the rate of deposition of material from the atmosphere 
onto skin and clothing and its subsequent retention. There are large uncertain
ties associated with these parameters owing to the lack of experimental data on depo
sition of the relevant materials to skin and in predicting the habits of individuals 
(e.g. frequency and decontamination efficiency of washing) in the aftermath of an 
accident. Linsley et al. [11], for the purposes of establishing DILs for this pathway 
(i.e. DILs expressed in terms of the time integral of the air concentration), made a 
number o f assumptions with regard to the deposition and retention of material 
deposited from the atmosphere onto skin. A deposition velocity to skin of
3 X  10~3 m -s -1 and 10-2 m -s _l for particulate material and reactive gases 
(e.g. iodine), respectively, was assumed and the deposited material was assumed to 
remain on skin for 12 hours before being removed totally by washing, etc. On 
the basis o f these assumptions, estimates were made of the beta dose to skin per
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TABLE XII. SKIN BETA DOSE FROM MATERIAL IN THE ATMOSPHERE 
DEPOSITED ONTO SKIN OR CLOTHING [11]

Skin beta dose per unit Skin beta dose per unit
Radionuclide deposit of nuclide on skin concentration of nuclide in air

(Sv per Bq • n r2) (Sv per Bq • s • m"3)

Sr-89 4.6 X 10-9 1.4 X 10-

Sr-90 4.6 X i o -9 1.4 X 10-

Zr-95 3.6 X i o -9 1.1 X 10-

Nb-95 1.0 X i o -9 3.0 X i o -

Ru-103 3.0 X i o -9 9.0 X i o -

Ru-106 4.8 X i o -9 1.4 X io -

Te-132 5.0 X i o -9 1.5 X io -

1-131 4.1 X i o -9 4.1 X io -

1-132 1.2 X i o -9 1.2 X io -

1-133 3.8 X i o -9 3.8 X io -

1-135 2.5 X i o -9 2.5 X io -

Cs-134 3.0 X i o -9 9.0 X io -

Cs-137 6.1 X i o -9 1.8 X io -

Ba-140 4.7 X i o -9 1.4 X io -

La-140 4.2 X i o -9 1.3 X i o -

Ce-144 7.2 X i o -9 2.2 X i o -

Np-239 3.2 X i o -9 9.6 X i o -

Pu-241 2.2 X 10'15 6.6 X i o -

Note: The doses are to the basal layer of the skin and are integrated over the 12 hours follow
ing deposition.

unit deposit on skin and per unit air concentration; and these doses are given in
Table XII. Compilations of the beta dose to skin per unit deposit on skin are readily
available [11, 18]. The beta dose to skin per unit concentration of the nuclide in air
is estimated as the beta dose to skin per unit deposit on skin, integrated over
12 hours, divided by the assumed deposition velocity to skin.
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A216. The skin beta doses [11], integrated over 12 hours, given in Table XII for 
unit deposit o f a nuclide onto skin are reliable estimates for this exposure pathway 
and are in close agreement with other estimates of this quantity (e.g. Ref. [18]). The 
skin beta dose per unit air concentration, however, has large uncertainties associated 
because of the uncertainties in the deposition and retention of nuclides on skin.

4. Resuspension o f deposited radionuclides

A217. There are major uncertainties in predicting the temporal variation of the 
resuspension factor over extended periods because considerable variations can be 
expected in the prevailing climate (e.g. temperate, arid zones), the degree of distur
bance of the surface and the wind speed. In evaluating DILs for this exposure path
way, the resuspension factor and its temporal variation should be chosen as 
realistically as possible for the circumstances of interest.

A218. Data on resuspension factors have been reviewed by a number of authors 
(see, for example, Refs [23, 47-49]). For application in temperate climates Linsley 
[23] suggested the use of the following relationship for the resuspension factor 
K ( m - 1):

K(t) =  10 “ 6 e -at +  10 " 9 e -bt

where t is the time elapsed in days; 
a =  10-2 d -1 ; 
b =  2 x  10~5 d -1 .

The variation of this function is illustrated in Fig. 3.

A219. The DILs in this annex are estimated on the assumption that the resuspen
sion factor has the form shown here. The DILs are particular, therefore, to this 
resuspension factor and have considerable uncertainty associated, owing both to the 
uncertainty in the value o f K proposed for application to temperate climates and to 
the potential for large variations in other climatic conditions.

5. Intake rates

A220. The intake rates adopted in estimating the DILs in this annex are summa
rized in Tables XIII and XIV for inhalation and ingestion respectively. Data are 
given for intakes by an infant (one year), child (ten years) and adult (see para. 204). 
The inhalation data in Table XIII are taken from ICRP Reference Man [19] and are 
recognized as being generally conservative (i.e. overestimates) on the grounds of 
energy expenditure when compared with, for example, values suggested by 
UNSCEAR [43].
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1 ?  ?  41 10 10 10 10
Time (days)

FIG.3. Instantaneous and integrated air concentrations o f radionuclides resuspended from a surface fo l
lowing an initial deposition o f 1 Bq-m~2. (Source: R e fill] .)

A221. The intakes of foodstuffs are intended to be solely indicative of intakes by 
critical groups; they are based on, or are extrapolated from, data given in IAEA 
Safety Series No. 57 [50] and Refs [51, 52], Dietary intakes vary substantially 
between countries and in some cases even within countries; the importance of using 
intakes particular to the circumstances of interest must be recognized in establishing 
DILs. Some guidance on the variation of dietary intake in different regions of the 
world is given in IAEA Safety Series No. 57 [50].

A222. The total dietary intake has been categorized according to the availability 
of consumption data for particular foodstuffs, the similarity of products and the 
relevance of protective actions that might be applied to all products within a given 
category. Categorization of foodstuffs on this basis will depend on the protective 
measures that might be appropriate for the diet and agricultural practice prevalent 
in a given country, and it may be necessary to consider categorization schemes other 
than that adopted here.

Text continued on p. 68.
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TABLE X m . ASSUMED BREATHING RATES OF THE 
EXPOSED INDIVIDUALS [19]

Age of 
individuals

Inhalation rate

(L-d-1) (m3 ,s ')

One year 3.8 x 103 4.4 x 10‘5

Ten years 1.5 x 104 1.7 x lO"4

Adult 2.3 x 104 2.7 x 10-4

TABLE XIV. ASSUMED INTAKE RATES OF FOODSTUFFS 
FOR CRITICAL GROUPS

Annual intake3 
(kg-a-')

Infant 
(one year old)

Child 
(ten years old)

Adult

Milk 260 300 250

Milk products 16 30 40

Exposed fruit and vegetablesb 50 100 130

Other fruit and vegetables0 50 100 130

Meat, etc. 40 150 200

Grain 50 150 150

Water and beverages 260 350 600

Note: When considering dietary intake as a whole, the validity of assuming the exposed 
individual to be a critical consumer of all food categories needs to be considered (for 
example, a critical consumer of milk may not be a critical consumer of meat, and there
fore simple additivity over all food categories may not be appropriate). (See paras 
444-446 and 510 for further discussion of these aspects.)

a These are indicative intake rates for critical groups and are based on, or are extrapolated 
from, data in IAEA Safety Series No. 57 [50] and Refs [51, 52]. 

b Exposed fruit and vegetables are those, such as green vegetables, whose surfaces may be 
directly contaminated by material deposited from the atmosphere. 

c Other fruit and vegetables refer to those not directly contaminated (e.g. fruits peeled before 
consumption and root crops).
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TABLE XVI. TIME INTEGRAL IN ‘PRESERVED’ FOODSTUFFS PER UNIT 
PEAK CONCENTRATION Gg

Time integral of the concentration of Time integral of the concentra
the nuclide in a given foodstuff per unit tion of the nuclide in a given

Nuclide8 initial concentration in pasture grass foodstuff per unit concentration
(Bq • a • kg"1 in foodstuff per Bq • kg”1 in in the same foodstuff at the time
pasture grass — fresh weight) of storage

(Bq-a-kg"1 per Bq-kg'1)

Milkb,c Meatb,c Any other foodstuff b

Sr-89 4.4 X 10-3 6.6 X 10-4 2.0 X 10- '

Sr-90 2.4 X 10-2 4.0 X 10-3 9.9 X 10-1

Zr-95 1.8 X 10-4 8.5 X i o -4 2.5 X 10- '

Ru-103 4.3 X i o -6 1.7 X 10-4 1.6 X i o - ‘

Ru-106 2.1 X 10-5 1.2 X i o -3 7.2 X io- 1

1-131 9.4 X 10-3 2.8 X i o -3 3.2 X 10-2

1-133 3.1 X io-4 7.9 X 10-5 3.4 X 10-3

Cs-134 1.7 X io- 1 2.3 X io - 1 8.5 X i o - ‘

Cs-137 2.0 X 10- ' 2.7 X io- 1 9.9 X io- 1

Ce-144 6.4 X 10-4 8.5 X i o -5 6.6 X 10-'

Pu-239d 4.3 X 10-* 2.3 X i o -6 1.0 X 10°

Am-241 4.3 X i o -6 2.3 X 10-4 1.0 X 10°

Cm-242 3.6 X lO'6 1.9 X 10“4 8.6 X io- 1

Cm-244 4.2 X i o -6 2.3 X 10-4 9.8 X io- 1
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a The nuclides, apart from isotopes of iodine, are assumed to be in oxide form when they 
are deposited from the atmosphere onto the ground and plant surfaces. For most nuclides 
and foodstuffs the time integral of concentration per unit peak concentration will be rela
tively insensitive to the chemical form of the released nuclide. However, for the quantity 
Gg expressed in terms of the concentration in pasture grass (first two columns) the values 
for isotopes of the actinide elements, and in particular plutonium, will be sensitive to the 
assumed chemical form, and modified values should be adopted where the released form 
is biologically more transportable in animals than the oxide form assumed here. 

b These values are calculated on the assumption that radioactive decay is the only loss 
mechanism of activity once produce has been processed for storage or preservation. They 
are calculated from the expression:

where XR is the radioactive decay rate of the nuclide (a-1). (See Table V.) 
c Values are appropriate to cattle; for other grazing animals (e.g. sheep, goats) the values 

would be higher by factors ranging up to about ten [53, 54], 
d The values are equally applicable to the other plutonium isotopes considered, namely 

plutonium 238, 240 and 241.

6 7

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



TABLE XVH. TYPICAL FRACTIONS OF RADIOACTIVE CONTAMINATION 
OF FRUIT AND VEGETABLES REMAINING AFTER PROCESSING

Normal food preparation for freezing, canning or dehydration

External contamination8 Internal contamination8

Sr-90 Cs-137 Sr-90 Cs-137

Spinach 0.08 0.05 0.36 0.12
Tomatoes — 0.35

Broccoli 0.06 0.08 0.28 0.11

Peaches ~0 ~0 - 0 ~0

8 External contamination refers to direct contamination of the surface of the food product. 
Internal contamination is contamination of the fleshy part of the food product (taken from 
Ref. [33]).

A223. The data in Table XIV are intended to be representative of the intakes of 
particular categories of food by critical groups in the population; typically, they are 
about two or three times greater than average consumption rates. When considering 
dietary intake as a whole, the validity of assuming the exposed individual to be a 
critical consumer of all food categories needs to be carefully examined (e.g. the criti
cal consumer of milk may not be the critical consumer of meat). These aspects are 
considered further in para. 510.

6. Food-chain transfer parameters

Time integral o f nuclide concentration in foodstuff per initial or peak 
concentration Gg

A224. The variable Gg is defined (see paras 439-451) as the ratio of the integral, 
over one year, o f the nuclide concentration in foodstuff g to the concentration in that 
foodstuff at a specified time (Bq■ a • k g~1 per B q-kg~’). In order to evaluate Gg for 
‘fresh’ foodstuffs (consumed shortly after production) a food-chain model is required 
to predict the change in concentration of the nuclide within a given foodstuff as a 
function o f time. Various food-chain models can be used to estimate values of Gg 
[24-31]. In general, subject to the same assumptions with regard to agricultural, food
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distribution and consumption practices, the predictions of the values o f Gg using 
different models would be broadly consistent. There may, however, be significant 
differences in the various practices listed here between countries and even within 
countries; considerable variation can therefore be expected in the values of Gg 
depending on the circumstances being considered. Greater variation between the 
model predictions (subject to the same input assumptions about agricultural practice, 
etc.) can be expected where the values of Gg are expressed in terms of the integral 
over one year o f the nuclide concentration in an animal product (e.g. meat, milk) 
to the peak nuclide concentration in pasture grass: these greater differences arise 
because of different values assigned in the various models to the parameters which 
determine the transfer o f nuclides in pasture grass to animals and their metabolism 
once ingested.

A225. The values of Gg for ‘ftesh’ foodstuffs given in Table XV have been calcu
lated using the food-chain models in Refs [24, 25], They have been derived subject 
to the assumption that the exposed individual’s total annual intake of a given food 
product is obtained from the same source or location (i.e. the total annual intake is 
initially contaminated at the same level). Where the food production/consumption 
practice differs radically from this assumption (i.e. food is derived from different 
sources/locations throughout the year having different initial levels o f contamination, 
uncontaminated food is imported into an area following an accident, etc.) appropriate 
modifications should be made to the values given in Table XV. The factors for milk 
and meat have been evaluated subject to the assumption that cattle graze pasture 
continuously all year round, with no consumption o f stored feed. The values for 
animal products are derived for cattle. The values o f Gg, expressed in terms of the 
ratio of the time integral to the peak concentration in a particular animal product are, 
however, broadly applicable to other livestock. For goats and sheep the values of 
Gg expressed in terms o f the time integral of the concentration in an animal product 
to the peak concentration in pasture would be higher by factors ranging up to about 
ten [53, 54].

A226. In deriving the values for Gg in Table XV it was assumed that the nuclide 
was deposited on the ground over a short period (i.e. an acute release). If the deposit 
were to continue over a longer period of time (say, a week or so) the values o f Gg 
could be underestimated by small factors for nuclides of practical concern. However, 
given the inherent uncertainty in the overall modelling process, the values o f Gg 
estimated for an acute release can be applied more generally.

A227. The values of Gg for ‘preserved’ foods given in Table XVI were evaluated 
subject to the extreme assumption (chosen because it largely bounds those situations 
of practical concern) that the annual intake of each category o f foodstuff is produced 
and stored following the accident and that an individual consumes from that source 
uniformly throughout the following year (paras 443-446). The only loss mechanism
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of a radionuclide from the food, once harvested, is therefore radioactive decay. The 
estimation of values of Gg is therefore relatively simple; the exceptions are where 
Gg is expressed in terms of the time integral of a nuclide concentration in a food
stuff to the peak concentration in pasture, where the transfer processes through the 
environment have been estimated using the food-chain model described in Refs 
[24, 25], In practice, production, storage and consumption practices of foods may 
vary significantly from those assumed, and in using the values of Gg in Table XVI, 
careful consideration should be given to the relevance of the assumption on which 
they are based to actual practices in the circumstances of interest.

Losses in food preparation and processing

A228. Losses during food preparation and processing can vary dramatically 
between foodstuffs (para. 447). In evaluating the DILs in this annex, zero loss has 
been cautiously assumed (i.e. f  =  1 in Eq. (13)) for the following products: milk, 
milk products, meat, etc., and water and beverages.

A229. For fruit, vegetables and grain, the factor f  (the ratio of the concentration 
in the foodstuff in an unprepared/unprocessed form to that in the form as consumed) 
has been left as an explicit quantity in the estimated DIL, to be inserted by the user. 
If the DILs are to apply to fruit and vegetables, or grain products measured in the 
form in which they are to be consumed, then unity must be used for this factor (i.e. 
use Eq. (12), para. 439, for evaluating DILs). If DILs are required for other forms 
(e.g. as harvested), then explicit values for f  must be used to take account o f the 
losses due to preparation and in cooking (i.e. use Eq. (13), para. 440 for evaluating 
DILs). Values of f  can vary significantly between different types of fruit, vegetables 
and grain products, and with the method of preparation or processing. Values may 
range from essentially unity, where it may be difficult to remove activity by ordinary 
washing (e.g. parsley, spinach) or where foodstuffs may sometimes be consumed 
without washing (e.g. apples, pears, cherries, etc.) to more than 100 (e.g. lettuce, 
cabbage, oranges, bananas, etc.) where removal of the outer leaves, peeling and 
washing can remove significant amounts o f contaminant. Data on possible values that 
might be appropriate for the loss of material during the preparation/processing of 
various types o f fruit, vegetables and grain products are contained in Refs [32-34] 
and, for fruit and vegetables, are summarized in Table XVII.

A3. ESTIMATED DERIVED INTERVENTION LEVELS AND 
GUIDANCE ON THEIR APPLICATION

General

A301. DILs are estimated for each of the quantities and pathways of exposure iden
tified in Fig. 1 and discussed in Section IV of the main text for each of the relevant
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protective measures. The DILs are estimated subject to a number of assumptions 
about the intervention level of dose, the characteristics of the released nuclides, the 
habits of the exposed individuals and local environmental conditions. These assump
tions are set out in Section A2. The estimated DILs are particular to these assump
tions and should not be applied to circumstances that differ from them without 
careful consideration. Each of the parameters influencing the estimated DILs is 
apparent in the following tables and values appropriate to the circumstances of 
interest can be inserted by the user to calculate DILs for the actual situation. This 
can be accomplished, in most cases, by simple scaling. In some cases, where there 
is potentially a large variation in the value of a parameter which influences a DIL, 
that parameter is included as an explicit variable in the DIL and its value has to be 
inserted by the user.

A302. For each of the estimated DILs, guidance is given on the extent to which 
it might find generic application. In those cases where the applicability of the DIL 
is more limited, the parameters which have greatest influence on the DIL are identi
fied; sources of data are also indicated for these parameters to assist the user in 
selecting the most appropriate value particular to his circumstances. All the DILs in 
the following tables have been estimated for the lower bounds o f the intervention 
levels o f dose proposed in Safety Series No. 72 [3] (see Table VI). There is no impli
cation that these intervention levels of dose are the most appropriate; they have been 
adopted solely to provide a consistent basis for estimating the DILs in this annex.

A303. The DILs in the following tables are all for exposure by a single nuclide 
by a particular exposure pathway. In general, exposure will occur by more than one 
nuclide and pathway relevant to a particular protective measure. Guidance on the 
application of the DILs in these circumstances is given in Section V.

A304. For convenient reference the DILs evaluated in Tables XIX-XXVIE are 
listed in Table XVIII, together with the exposure pathway and protective measure 
for which they are appropriate.
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TABLE XVIII. APPROPRIATE DERIVED INTERVENTION LEVELS (DILs) 
FOR VARIOUS EXPOSURE PATHWAYS AND PROTECTIVE MEASURES, AS 
PRESENTED IN TABLES XIX TO XXVm

Table
number

DIL Exposure pathway Relevant
protective
measure(s)

Accident
phase

XIX Time integral of the 
nuclide concentration 
in air

Skin beta dose from 
exposure to the plume

Evacuation;
sheltering

Early

XX Time integral of the 
nuclide concentration 
in air

Inhalation of the plume Evacuation; 
sheltering; 
stable iodine

Early

XXI Time integral of the 
nuclide concentration 
in air

Skin beta dose 
from nuclide 
deposited on skin

Evacuation;
sheltering

Early

XXII Concentration of 
nuclide deposited 
on the ground

Short term 
external gamma dose 
from nuclide deposited 
on the ground

Evacuation Early

XXIII Initial external 
gamma dose rate from 
nuclide deposited 
on the ground

Short term 
external gamma dose 
from nuclide deposited 
on the ground

Evacuation Early

XXIV Concentration of nuclide 
deposited on the ground

Short term inhalation 
of nuclide resuspended 
from the ground

Evacuation Early

XXV Concentration of nuclide 
deposited on the ground

External gamma dose 
from nuclide 
deposited on the ground

Relocation Intermediate

XXVI Initial external 
gamma dose rate from 
nuclide deposited 
on the ground

External gamma dose 
from nuclide deposited 
on the ground

Relocation Intermediate

XXVII Concentration of 
nuclide deposited 
on the ground

Inhalation of nuclide 
resuspended 
from the ground

Relocation Intermediate

XXVIII Peak concentration of 
nuclide in foodstuff

Ingestion of 
‘fresh’ foodstuffs

Restricting
foodstuffs

Intermediate

Concentration of 
nuclide in foodstuff 
at time of preservation

Ingestion of 
‘preserved’ foodstuffs

Restricting
foodstuffs

Intermediate
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TABLE XIX. DERIVED INTERVENTION LEVELS FOR EVACUATION AND
SHELTERING: SKIN BETA DOSE FROM EXPOSURE TO PLUME

DIL and measured quantity Exposure pathway Relevant protective 
measures

Accident phase

Time integral of the 
nuclide concentration in air 
(Bq • s • m ~3)

Skin beta dose from 
exposure to plume

Evacuation;
sheltering

Early

Derived intervention levels (for generic application)*

Radionuclide

Time integral of nuclide concentration in air 
(Bq-S'in-3)

Evacuation Sheltering

Kr-85 1.5 x 1014 1.5 x 1013
Kr-85m 1.5 x 1014 1.5 x 1013
Kr-87 7 x 1012 7 x 10"

Kr-88 4 x 1013 4 x 1012
Xe-133 6 x 1014 6 x 1013
Xe-135 9 x 1013 9 x 1012

a Basis o f derivation: The DILs for skin beta dose from exposure to the plume have been 
estimated from Eq. (2) (para. 406) as:

ILe/s
DIL = —---------

Dg-SFg

where the symbols are as defined in Annex II. The values used for the intervention levels of 
dose ILg/g and the skin beta dose per unit concentration of the nuclide in air Dg are taken 
from Tables VI and XI respectively. The value of SFg has cautiously been assumed to be 
unity. A discussion of the potential variation of this factor is given in para. A214.

Commentary: The DILs for each protective measure given here are generically applicable sub
ject to scaling according to the adopted intervention level of dose. The absence of any 
allowance for shielding (i.e. SFg = 1) in deriving the DILs should be noted; where this is 
considered significant the tabulated DILs would need to be revised upwards.
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TABLE XX. DERIVED INTERVENTION LEVELS FOR EVACUATION,
SHELTERING AND ISSUING OF STABLE IODINE: INHALATION OF PLUME

DIL and measured quantity Exposure pathway Relevant protective
measures

Accident phase

Time integral of the 
nuclide concentration in air 
(Bq-s-m~3)

Inhalation of plume Evacuation; 
sheltering; 

stable iodine

Early

Derived intervention levels (for generic application)"

Radionuclide
Time integral of nuclide concentration in air (Bq-s*m-3)

Evacuation Sheltering Stable iodine

Sr-89 7 x 1010 7 x 109 —

Sr-90 3 x 109 3 x 10® —

Zr-95 2.5 x 1010 2.5 x 109 —

Ru-103 6 x 1010 6 x 109 —

Ru-106 1 x 10* 1 x 10® —

Te-132 2 x 10,# 2 x 109 2 x 109
1-131 4 x 10* 4 x 10® 4 x 10®
1-132 7 x 1011 7 x 1010 7 x 10l#
1-133 2.5 x 10l# 2.5 x 109 2.5 x 109
1-135 1.5 x 10“ 1.5 x 1010 1.5 x 10'°
Cs-134 1.5 x 1010 1.5 x 109 —

Cs-137 2.5 x 10'° 2.5 x 109 —

Ba-140 1.5 x 10" 1.5 x 10'° —

Ce-144 1.5 x 10* 1.5 x 10® —

Np-239 2 x 10" 2 x 1010 —

Pu-238 2.5 x 10# 2.5 x 10s —

Pu-239 2.5 x 10# 2.5 x 10s —

Pu-240 2.5 x 10# 2.5 x 10s —

Pu-241 1.5 x 10® 1.5 x 107 —

Am-241 1.5 x 106 1.5 x 10s —

Cm-242 3 x 107 3 x 10# —

Cm-244 3 x 106 3 x 10s —
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“ Basis o f derivation: The DILs for inhalation of the plume have been estimated from
Eq. (3) (para. 407) as:

DIL =  ----------
B D inh

where the symbols are as defined in Annex II. The values used for the intervention levels o f 
dose ILE/S/I, the breathing rate B and the dose per unit intake o f a radionuclide from inhala
tion Dinh are taken from Tables VI, XIII and VII respectively.

Commentary: The DILs for each protective measure given here can, in most cases, 
be applied generically subject to scaling for the adopted intervention level o f dose. The DILs 
are applicable to nuclides released in an oxide form (apart from iodine — elemental) as a
1 (tm  AM AD aerosol; for release in significantly different chemical and physical forms some 
revision o f the DILs may be necessary. In general, the DILs are relatively insensitive to the 
assumed chemical form (at least for forms of practical interest for accidents in the nuclear fuel 
cycle), with the possible exception of isotopes o f plutonium, and the DILs can be applied 
generically. For plutonium isotopes in more transportable forms (e.g. nitrate) the tabulated 
DILs would decrease by a factor of about 1.5.

The limiting DILs tabulated here are, in general, determined by the adult or ten year 
old child depending upon the nuclide considered. The variation in the DIL with age at intake 
is not, however, large, rarely exceeding a factor o f about two and in general considerably less.
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TABLE XXI. DERIVED INTERVENTION LEVELS FOR EVACUATION AND
SHELTERING: SKIN BETA DOSE FROM NUCLIDE DEPOSITED ON SKIN

DIL and measured quantity Exposure pathway Relevant protective 
measures

Accident phase

Time integral o f the 
nuclide concentration in air 
(B q -s-m -3)

Skin beta dose from 
nuclide deposited on 
the skin and clothing

Evacuation;
sheltering

Early

Derived intervention levels (should be re-evaluated for the particular case and specific 
circumstances o f interest)*

Time integral o f nuclide concentration in air (Bq • s • m 3) 
Radionuclide '____________________________________________________

Evacuation Sheltering

Sr-89 4 x  10'° 4 x  109

Sr-90 4 x  10'° 4 x  109

Zr-95 5 x  10w 5 x  109

Nb-95 1.5 x  10" 1.5 x  10w

Ru-103 6 x  10m 6 x  109

Ru-106 4 x  10w 4 x  109

Te-132 3 x  10w 3 x  109

1-131 1 x  10'° 1 x  109

1-132 4 x  1010 4 x  109

1-133 1.5 x  10W 1.5 x  109

1-135 2 x  10'° 2 x  109

Cs-134 6 x  10w 6 x  109

Cs-137 3 x  10'° 3 x  109

Ba-140 4 x  10w 4 x  109

La-140 4 x  10w 4 x  109

Ce-144 2.5 x  10'° 2.5 X 109

Np-239 5 x  10'° 5 x  109

Pu-241 8 x  1016 8 x  10'5
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ILE/s
DIL =  --------------------

Dsk-Vsk-SFfl

where the symbols are as defined in Annex II. The values used for the intervention levels o f 
dose ILe/s, the integrated dose to skin per unit deposit of the nuclide on skin Dsk, and the 
deposition velocity o f the nuclide from atmosphere to skin Vsk are taken from Tables VI 
and XII and para. A215 respectively. The value for SFfl has been assumed, cautiously, to be 
unity. Any uncertainty introduced by this latter assumption would be small compared with the 
uncertainty associated with the choice o f values for the other parameters which influence these 
DILs. A deposition velocity Vsk of 3 x  10_3 n v s -1 has been assumed for all isotopes 
except for isotopes o f iodine, where a value of 10~2 m -s_l was adopted.

Commentary: The DILs tabulated for each protective measure are very dependent on the 
assumed deposition and retention of material deposited from the atmosphere to skin and 
clothing (paras A215-A216) and are not recommended for generic application; in the absence 
o f reliable data for these parameters the DILs may, however, be used as indicative measures 
of the potential significance of this exposure pathway.

a Basis o f derivation: The DILs for skin beta dose from a radionuclide deposited on the skin
have been evaluated from Eq. (4) (para. 412) as:
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DIL and measured quantity Exposure pathway Relevant protective Accident phase
measure

Short term external Evacuation Early
gamma dose from 

nuclide deposited on 
the ground

Derived intervention levels (for generic application)a

Concentration of nuclide deposited on the ground (B q-m -2) 

Radionuclide Evacuation

TABLE XXII. DERIVED INTERVENTION LEVELS (OF CONCENTRATION
OF NUCLIDE) FOR EVACUATION: SHORT TERM EXTERNAL
GAMMA DOSE FROM NUCLIDE DEPOSITED ON THE GROUND

Zr-95 1.5 X 10® +  SF7

Nb-95 1.5 X 108 +  s f 7

Ru-103 2 X 10® +  s f 7

Ru-106 5 X 10® +  s f 7

Te-132 8 X 107 +  s f 7

1-131 3 X 10® -  s f 7

1-132 2.5 X 109 +  s f 7

1-133 9 X 10® +  s f 7

1-135 1 X 109 -  s f 7

Cs-134 7 X 107 -  s f 7

Cs-137 2 X 10® + s f y

Ba-140 7 X 107 +  s f 7

Ce-144 2 X 109 -  s f 7

Np-239 1 X 109 -5- SF7

Pu-238 5 X 10" +  s f 7

Pu-239 8 X 10” +  s f 7

Pu-240 5 X 10“ +  s f 7

Pu-241 2.5 X 1013 +  s f 7

Am-241 4 X 109 +  s f 7

Cm-242 4 X 10n +  s f 7

Cm-244 2.5 X 10n ■4- SF7

Concentration o f nuclide 
deposited on the ground 
(B q-m ~2)
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a Basis o f  derivation: The DILs, expressed in terms o f the concentration o f a nuclide 
deposited on the ground for exposure due to short term external gamma irradiation, have been 
estimated from Eq. (5) (para. 418) as:

ftyOdt • SF7
Jo

where the symbols are as defined in Annex II. The values used for the intervention level of 
dose ILE, and the time integral over the short term (one week) o f the whole body gamma 
dose rate per unit deposit o f a nuclide on the ground J 70 d D7(t)dt, are taken from Tables VI 
and IX respectively. The shielding factor SF7 has been left as an explicit variable in the DIL 
to be inserted by the user because o f its large potential variation. Its value should be particular 
to the circumstances o f interest. Sources o f data for this parameter are discussed in 
para. A213.

Commentary: The DILs for evacuation given here can be applied generically subject to the 
insertion of an appropriate shielding factor (para. A213) and scaling by the adopted interven
tion level o f dose.
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TABLE XXm . DERIVED INTERVENTION LEVELS (OF INITIAL
EXTERNAL GAMMA DOSE RATE) FOR EVACUATION: SHORT TERM
EXTERNAL GAMMA DOSE

DIL and measured quantity Exposure pathway Relevant protective Accident phase
measure

Initial external gamma dose 
rate at 1 m above ground 
(S v -s_l)

Short term external Evacuation Early 
gamma dose from 

nuclide deposited on 
the ground

Derived intervention levels (for generic application)"

Initial external gamma dose rate 1 m above ground (S v -s -1)

Radionuclide Evacuation

Zr-95 8 x  10~8 -h SF7

Nb-95 9 x  10-8 SF7

Ru-103 9 x  1 0 '8 +  SF7

Ru-106 8 x  10"8 -s- SF7

Te-132 2 x  1<T8 +  SF7

1-131 1 x  1(T 7 SF7

1-132 4 x  10"6 -  SFy

1-133 5 x  1 0 '7 h- SF7

1-135 1 x  1<T6 SF7

Cs-134 8 x  10"8 +  SF7

Cs-137 8 x  10“8 -f- SF7

Ba-140 1 x  10~8 -i- SF7

Ce-144 4 x  1<T8 -h SF7

Np-239 2 x  1(T7 SF7

Pu-238 8 x  10"8 -s- SF7

Pu-239 8 x  1<T8 -*■ SF7

Pu-240 8 x  10"8 -s- SF7

Pu-241 5 x  10-8 SF7

Am-241 8 x  10"8 +  SF7

Cm-242 8 x  10~8 +  SF7

Cm-244 8 x  10"8 4- SF7
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a Basis o f  derivation: The DILs for evacuation, based on the initial gamma dose rate, meas
ured 1 m above the ground, from a deposited nuclide have been estimated from Eq. (6) 
(para. 420) as:

X ILE
DIL = -------------  • ------

1—e~XT SFt

where the symbols are as defined in Annex II. The values used for the intervention level o f 
dose ILE is given in Table VI and values o f (1 —e _XT)/X are given in column C o f Table IX. 
The shielding factor SF7 has been left as an explicit variable in the DIL to be inserted by the 
user because o f its large potential variation. Its value should be particular to the circumstances 
of interest. Sources o f data for this parameter are discussed in para. A213.

Commentary: The tabulated DILs for evacuation given here can be applied generically subject 
to the insertion o f an appropriate shielding factor (para. A213) and scaling by the adopted 
intervention level o f dose. The application o f these DILs to a release comprising a mixture 
of nuclides also requires knowledge of the isotopic composition o f the deposited material 
(para. 506). Where dose rates are measured some time after the initial deposit, they should 
be corrected to time zero before comparison with the tabulated DILs; this can be estimated 
with sufficient accuracy by allowing for radioactive decay over the intervening period.
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TABLE XXIV. DERIVED INTERVENTION LEVELS FOR EVACUATION: 
SHORT TERM INHALATION OF NUCLIDE RESUSPENDED FROM 
THE GROUND

DIL and measured quantity Exposure pathway Relevant protective 
measure

Accident phase

Concentration o f nuclide Short term inhalation 
deposited on the ground o f nuclide resuspended 
(B q-m “2) from the ground

Evacuation Early

Derived intervention levels (should be re-evaluated fo r  the particular case and specific 
circumstances o f  interest)*

Concentration o f nuclide deposited on the ground
Radionuclide (Bq • m “2)

Evacuation

Sr-90 5 x  10

Pu-238 4 x  10l

Pu-239 4 x  1&

Pu-240 4 x  70‘

Pu-241 2.5 x  10‘

Am-241 2.5 x  10'

Cm-242 5 x  10

Cm-244 5 x  10{

a Basis o f  derivation: The DILs for evacuation, expressed in terms of the concentration of  
a nuclide deposited on the ground, for short term (one week) exposure by inhalation of  
resuspended material have been estimated from Eq. (8) (para. 423) as:

ILe
D IL =-

‘ D in h  I

Jo
K(t)e~xR'-dt

where the symbols are as defined in Annex II. The values used for the intervention level o f 
dose ILe, the breathing rate B, the dose per unit intake by inhalation Dinh, and the time 
integrated concentration [ Jd K(t)e_XRt-dt are taken from Tables VI, XIII and VII and from 
Fig. 3 (or para. A218) respectively.
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Commentary: The DILs for evacuation given here are very sensitive to the assumed resuspen
sion factor, which may vary considerably with climatic conditions, the nature of the surface 
and the mechanical disturbance it experiences. For these reasons the DILs should not be 
applied generically and values should be determined on a case by case basis. In the absence 
of reliable data on resuspension factors the DILs may, however, be used as indicative 
measures (at least for temperate climates) o f the potential significance o f this pathway of 
exposure.

The DILs are applicable to oxide forms of the nuclides considered. For other chemical 
forms o f plutonium which are more biologically transportable (e.g. nitrates), the tabulated 
DILs would decrease by a factor o f about 1.5. The DILs for other nuclides would be relatively 
insensitive to their chemical form, at least for forms o f practical concern.

The limiting DILs given here are in general determined by the adult or ten year old 
child, depending on the nuclide considered. The variation in the DIL with age at intake is not, 
however, large, being at most by a factor o f about two and in general considerably less. This 
variability is negligible in the context o f the uncertainties associated with the resuspension 
factor.
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TABLE XXV. DERIVED INTERVENTION LEVELS (OF CONCENTRATION 
OF NUCLIDE) FOR RELOCATION: EXTERNAL GAMMA DOSE FROM 
NUCLIDE DEPOSITED ON THE GROUND

DIL and measured quantity Exposure pathway Relevant protective Accident phase 
measure

Concentration o f nuclide External gamma dose Relocation Intermediate 
deposited on the ground from nuclide deposited 
(Bq • m ~2) on the ground

Derived intervention levels (for generic application)“

Concentration of nuclide deposited on the ground 
Radionuclide (B q-m “2)

Relocation

Zr-95 6 X 10* H- SF7

Nb-95 2 X 107 +  s f 7

Ru-103 2.5 X 107 +  SF7

Ru-106 1.5 X 107 -5- SF7

Te-132 6 X 107 -  s f 7

1-131 1.5 X 108 4- SF7

1-132 2.5 X 10* H- SF7

1-133 8 X 10" +  s f 7

1-135 1 X 109 s f 7

Cs-134 1.5 X 10‘ -s- SF7

Cs-137 4 X 106 +  s f 7

Ba-140 1.5 X 107 +  s f 7

Ce-144 6 X 107 -s- SF7

Np-239 9 X 108 +  s f 7

Pu-238 1 X 1010 -  s f 7

Pu-239 1.5 X 1010 +  s f 7

Pu-240 1 X 101# -5- SF7

Pu-241 9 X 1010 +  s f 7

Am-241 9 X 107 ^ s f 7

Cm-242 1.5 X 1010 -i- s f 7

Cm-244 6 X 10* ^ s f 7

8 4
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a Basis o f  derivation: The DILs for relocation given here, expressed in terms o f the concen
tration o f a nuclide deposited on the ground, for external gamma radiation integrated over one 
year, have been estimated from Eq. (9) (para. 432) as:

I D7(t)dt-SFV
Jo

where the symbols are as defined in Annex II. The values used for the intervention level of 
dose ILr , and the integral over one year of the external gamma dose rate per unit deposit of 
a nuclide on the ground are taken from Tables VI and IX respectively. The shielding factor 
SF7 has been left as an explicit variable in the DIL to be inserted by the user because of its 
large potential variation. Its value should be particular to the circumstances o f interest. 
Sources o f data for this parameter are discussed in para. A213.

Commentary: The DILs for relocation given here are generically applicable subject to the 
insertion of an appropriate shielding factor (para. A213) and scaling by the adopted interven
tion level o f dose.
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TABLE XXVI. DERIVED INTERVENTION LEVELS (OF INITIAL 
EXTERNAL GAMMA DOSE RATE) FOR RELOCATION: EXTERNAL 
GAMMA DOSE FROM NUCLIDE DEPOSITED ON THE GROUND

DIL and measured quantity Exposure pathway Relevant protective
measure

Accident phase

Initial external gamma 
dose rate at 1 m 
above ground ( S v s -1)

External gamma dose Relocation 
from nuclide deposited 

on the ground

Intermediate

Derived intervention levels (for generic application)a

Initial external gamma dose rate 1 m above ground 
Radionuclide (Sv • s ~1)

Relocation

Zr-95 3 x  10~9 -i- s f t
Nb-95 1 x  10~8 +  SFy

Ru-103 1 x  10~8 +  s f 7
Ru-106 2.5 x  10 ~9 +  SF,
Te-132 1.5 x  10"8 •I- V

I

1-131 5 x  1(T 8 •I- V
I

1-132 4 x  10~6 +  SF7
1-133 4 x  1 0 '7 +  s f t
1-135 1 x  10"6 ^ sf7
Cs-134 2 x  10"* +  s f 7
Cs-137 1.5 x  10~9 4- s f 7
Ba-140 3 x  10~9 H- SF7
Ce-144 1.5 x  10 9 4- s f 7
Np-239 1.5 x  10 ” 7 -i- s f 7

Pu-238 2 x  10-9 +  s f 7

Pu-239 2 x  10"9 -i- s f 7

Pu-240 1.5 x  10_9 -5- SF7

Pu-241 2 x  10"I# H- SF7

Am-241 1.5 x  10"9 +  s f 7

Cm-242 3 x  10"9 H- SF7

Cm-244 2 x  10-9 +  s f 7
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a Basis o f derivation: The DILs for relocation, based on the initial gamma dose rate, 
measured 1 m above the ground, from a deposited nuclide have been estimated from Eq. (10) 
(para. 433) as:

0-SF7

where the symbols are as defined in Annex II. The value used for the intervention level of 
dose ILr is given in Table VI. The value of 8 can be obtained from column E of Table IX. 
The shielding factor SF7 has been left as an explicit variable in the DIL to be inserted by the 
user because of its potentially large variation. Its value should be particular to the circum
stances of interest. Sources of data on this parameter are discussed in para. A213.

Commentary: The DILs for relocation given here can be generically applied subject to the 
insertion of an appropriate shielding factor (para. A213) and scaling by the adopted interven
tion level of dose. The application of these DILs to a release comprising a mixture of nuclides 
also requires knowledge of the isotopic composition of the deposited material (para. 506). 
Where dose rates are measured some time after the initial deposit, they should be corrected 
to time zero before comparison with the tabulated DILs; this can be estimated with sufficient 
accuracy by allowing for radioactive decay over the intervening period.

87

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



TABLE XXVII. DERIVED INTERVENTION LEVELS FOR RELOCATION:
INHALATION OF NUCLIDE RESUSPENDED FROM THE GROUND

DIL and measured quantity Exposure pathway Relevant protective 
measure

Accident phase

Concentration of nuclide 
deposited on the ground 
(Bq-m-2)

Inhalation of nuclide 
resuspended from 

the ground

Relocation Intermediate

Derived intervention levels (should be re-evaluated for the particular case and specific 
circumstances of interest)“

Radionuclide
Concentration of nuclide deposited on the ground 

(Bq-m“2)
Evacuation

Sr-90 3 X 10s
Pu-238 2 x 10s
Pu-239 2 X 10s
Pu-240 2 x 10s
Pu-241 1.5 x 107
Am-241 1.5 x 10s
Cm-242 3 x 106
Cm-244 2.5 x 10s

“ Basis of derivation: The DILs for relocation given here, expressed in terms of the concen
tration of a nuclide deposited on the ground, for inhalation of resuspended material have been 
estimated from Eq. (11) (para. 434) as:

I a

KWe^R'-dt
o

where the symbols are as defined in Annex II. The values used for the intervention level of 
dose ILR, the breathing rate B, the dose per unit intake by inhalation Dinh and the time 
integral of the resuspension factor are taken from Tables VI, XIII and VII and from Fig. 3 
(or para. A218) respectively.
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Commentary: The DILs for relocation given here are very sensitive to the assumed resuspen- 
sion factor and its variation with time, both of which may vary considerably with climatic 
conditions, the nature of the surface and the mechanical disturbance it experiences. For these 
reasons the DILs should not be applied generically and values should be determined on a case 
by case basis. In the absence of reliable data on the resuspension factor and its variation with 
time, the DILs may, however, be used as indicative measures (at least for temperate climates) 
of the potential significance of this exposure pathway. The DILs are applicable to oxide forms 
of the nuclides considered. For other chemical forms of plutonium which are more biologi
cally transportable (e.g. nitrates), the tabulated DILs would decrease by a factor of about 1.5. 
The DILs for other nuclides would be relatively insensitive to their chemical form, at least 
for forms of practical concern.

The limiting DILs given here are in general determined by the adult or ten year old 
child, depending on the nuclide considered. The variation in the DIL with age at intake is not, 
however, large, being at most by a factor of about two and in general considerably less. This 
variability is negligible in the context of the uncertainties associated with the resuspension 
factor.
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TABLE XXVm. DERIVED INTERVENTION LEVELS FOR RESTRICTING FOODSTUFFS: INGESTION OF ‘FRESH’ AND 
‘PRESERVED’ FOODSTUFFS

DIL and measured quantity Exposure pathway Relevant protective measures Accident phase

Peak concentration (or concentration at Ingestion of ‘fresh’ and Restrictions on production Intermediate
the time of preservation) in foodstuff ‘preserved’ foodstuffs or consumption of foodstuffs
(Bq ■ L"1 or Bq • kg"1) or
Peak concentration (or concentration at
the time of preservation) in pasture vegetation
(Bq-kg'1 fresh weight)

Derived intervention levels for ‘fresh’ foodstuffs, assuming the intervention level o f  dose in Table VI applies to each food category separately 
(for broad application, subject to simple scaling; values in the final column should be re-evaluated for the particular case and specific circumstances o f  interest)“

Fresh Milk Milk products Exposed fruit Other fruit Meat etc. Water and
foodstuff and vegetables and vegetables beverages

Radionuclide Peak Peak Peak Peak Peak Peak Peak Peak
concentration in concentration in concentration in concentration in concentration in concentration in concentration in concentration in 

milk pasture grass milk product fruit or vegetables fruit or vegetables meat pasture grass drinking water
(Bq-L"1) (Bq-kg"1 (Bq-kg"1 (Bq-kg"1 (Bq-kg"1 (Bq-kg"1 (Bq-kg"1 or fresh beverage

fresh weight) fresh weight) fresh weight) fresh weight) fresh weight) fresh weight) (Bq-L"1)

Sr-89 2 X 10“ 9 X 105 3 X 105 1.5 X 105-f 3 X 104-f 8 X 104 2 X 107 7 X W J
Sr-90 1.5 X 103 5 X 104 2 X 104 1.5 X 104-f 8 X 102-f 5 X 103 1 X 106 1.5 X 102
Zr-95 1 X 105 7 X 107 1.5 X 106 5 X 105-f 8 X 104-f 2.5 X 105 3 X 107 1.5 x 104
Ru-103 1 X 10s 4 X 109 2 X 106 6 X 105-f 1.5 X 105-f 1 X 105 9 X 107 3 X 104
Ru-106 1 X 104 4 X 10® 1.5 X 105 5 X 104-f 4 X 103-f 5 X 103 2.5 X 106 7 X 102
1-131 2 X 103 7 X 103 3 X 104 1.5 X 104-f 9 X 103-f 1 X 104 1 X 10s 1.5 x  103
1-133 3 X 104 4 X 105 5 X 105 4 X 105-f 3 X 105-f 2 X 105 9 X 10s 7 X 104
Cs-134 1.5 X 104 6 X 10“ 1 X 105 4 X 104-f 3 X 103-f 7 X 103 3 X 104 6 X lO2
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Cs-137 2 X 104 9 X 104 1 X 105 5 X 104-f 3 X 103-f 1 X 104 4 X 104 7 X 102
Ce-144 1 X 104 1.5 X 107 2 X 10s 6 X 104 -f 4 X 103-f 4 X 103 3 X 107 8 X IQ2
Pu-239b 2 X 10' 4 X 108 2 X 102 4 X 104 -f 4 X lO '-f 4 X 101 2 X 107 4 X IQ2
Pu-241 1.5 X 103 3 X 1010 1 X 104 4 X 106-f 2 X 103-f 2 X 103 1 X 109 4 X 104
Am-241 2 X 10' 4 X 106 2.5 X 102 8 X 102-f 4 X lO '-f 4 X 103 2 X 10s 8 X 10°
Cm-242 3 X 102 8 X 107 6 X 103 1 X 104-f 6 X 102 • f 1.5 X 103 7 X 106 1 X IQ2
Cm-244 2.5 X 101 6 X 106 4 X 102 1.5 X 103-f 7 X 1 0 '-f 8 X 10' 4 X 105 1.5 X 10l
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VO
^  TABLE XXVIH (cont.)

Derived intervention levels for ‘preserved’ foodstuffs, assuming the intervention level o f dose in Table VI applies to each food category separately
(for broad application, subject to simple scaling; values in the final column should be re-evaluated for the particular case and specific circumstances o f interest)*

Preserved
foodstuff

Milk Milk
products

Exposed fruit 
and vegetables

Other fruit and 
vegetables

Meat etc. Grain Beverages

Radionuclide Concentration 
in milk at 
time of 

preservation 
(Bq-L-1)

Corresponding 
peak con

centration in 
pasture grass 

(Bq-kg-1 
fresh weight)

Concentration Concentration 
in milk pro- in fruit or 

ducts at time of vegetables at 
preservation time of 
(Bq • kg '1) preservation 

(Bq-kg-1)

Concentration 
in fruit or 

vegetables at 
time of 

preservation 
(Bq-kg-1)

Concentration 
in meat, etc. 

at time of 
preservation 
(Bq-kg-1)

Corresponding 
peak con

centration in 
pasture 

(Bq-kg-1 
fresh weight)

Concentration 
in grain at 

time of 
preservation 

(Bq • kg’1 
fresh weight)

Concentration 
in beverage at 

time of 
preservation 

(Bq-L-1)

Sr-89 7 X 103 3 X 105 1 X 105 3 X 104-f 3 X 104-f 3 X 104 1 X 107 3 X 104-f 7 X 103
Sr-90 1.5 X 102 7 X 103 2.5 X 103 8 X 102-f 8 X 102-f 7 X 102 2 X 105 7 X 102-f 1.5 X id 2
Zr-95 1.5 X 104 1 X 107 2.5 X 105 8 X 104-f 8 X 104-f 7 X 104 1 X 107 7 X 104 -f 1.5 X 104
Ru-103 3 X 104 1 X 109 5 X 10s 1.5 X 10s -f 1.5 X 105-f 1.5 X 105 1 X 10s 1.5 X 10s -f 3 X 104
Ru-106 7 X 102 2.5 X 107 1 X 104 4 X 103-f 4 X 103-f 4 X 103 2 X 106 4 X 103-f 7 X id 2
1-131 1.5 X 103 6 X 103 2.5 X 104 9 X 103-f 9 X 103-f 9 X 103 1 X 10s 9 X 103-f 1.5 X 10s
1-133 7 X 104 7 X 10s 1 X 106 3 X 105-f 3 X 105-f 4 X 105 2 X 107 3 X 105-f 7 X 104
Cs-134 1 X 103 6 X 103 9 X 103 2.5 X 103-f 3 X 103-f 1.5 X 103 7 X 103 2.5 X 103-f 6 X 102
Cs-137 1.5 X 103 7 X 103 1 X 104 3 X 103-f 3 X 103-f 2 X 103 8 X 103 3 X 103-f 7 X 102
Ce-144 8 X 102 8 X 10s 1.5 X 104 4 X 103-f 4 X 103-f 4 X 103 3 X 107 4 X 103-f 8 X 102
Pu-239b 1 X 101 2.5 X 108 1.5 X 102 2 X 103-f 4 X lO '-f 3 X 101 1.5 X 107 3 X lO '-f 4 X 102
Pu-241 8 X 102 2 X 1010 7 X 103 2 X 10s -f 2 X 103-f 1.5 X 103 6 X 10* 2 X 103-f 4 X 104
Am-241 1 X 101 2.5 X 106 1.5 X 102 4 X lO '-f 4 X lO '-f 2.5 X 101 1 X 10s 3 X lO '-f 8 X 10°
Cm-242 1 X 102 3 X 107 2 X 103 6 X 102-f 6 X 102-f 6 X 102 3 X 106 6 X 102-f 1 X 102
Cm-244 1.5 X 101 3 X 106 2.5 X 102 7 X lO '-f 7 X lO '-f 5 X 101 2 X 10s 5 X lO '-f 1.5 X 10l
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“ Basis o f derivation: The DILs for restricting foodstuffs given here, expressed in terms of the concentration of a nuclide in a foodstuff or in 
pasture grass, for exposure by ingestion of ‘fresh’ or ‘preserved’ foodstuffs, have been estimated from Eq. (13) (para. 440) as:

ILF-f
DIL = --------------

Ig ‘ Ding' Gg

where the symbols are as defined in Annex II. The DILs for drinking water have been estimated from Eq. (16) (para. 456) as:

Iw-Ding( l - e - xRT)

where the symbols are as defined in Annex II. The values used for the intervention level of dose ILF, intake rates Ig and Iw, and doses per unit 
intake by ingestion Ding, are taken from Tables VI, XIV and VIII respectively. Values for the factor Gg are given in Table XV for ‘fresh’ food
stuffs and in Table XVI for ‘preserved’ foodstuffs. The radioactive decay constants XR are given in Table V and the time T over which water con
sumption from this source is assumed to continue is taken, cautiously, as 1 year. The ratio f (the ratio of the concentration in the foodstuff prior 
to food processing/preparation to that in the form consumed) has been left as an explicit variable in many of the DILs tabulated here and its value 
is to be inserted by the user. This convention has been adopted because of the potentially large variation in this factor depending upon the foodstuff 
and methods adopted for preparation and processing. The values adopted should be particular to the circumstances of interest. Sources of data for 
this parameter are discussed in para. A229 and Table XVII. For those DILs where the ratio f is not included as an explicit variable, it has cautiously 
been assigned a value of unity (i.e. the foodstuff is assumed to be in a form as consumed, or no loss is assumed in its preparation).

The intervention level of dose in Table VI has been assumed to apply to exposure from the intakes of a given category of food (as opposed 
to exposure from the total dietary intake) in estimating the DILs (see paras 510-511); moreover, the DILs are based on the total intake of a given 
food category being obtained in a ‘fresh’ or ‘preserved’ form.

Commentary: The DILs, expressed in terms of the concentration of a nuclide in a foodstuff (with the exception of the DILs for water) can be applied 
more generally, subject to simple scaling to account for any differences in the assumed intervention level of dose and in the values adopted for 
the parameters in Eq. (13). Values in the final column for drinking water or beverages should be re-evaluated for the particular case and circum-
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TABLE XXVHI. (cont.)

stances of interest. Particular consideration should be given to the following in judging the need for, and extent of, any scaling of the DILs to
transform them to circumstances different from those for which they were derived (see Section A2):

— The intervention level of dose: the DILs have been derived subject to the assumption that the intervention level of dose (see Table VI) applies 
to exposure from the intakes of a given category of food (as opposed to exposure from the total dietary intake). Moreover, the DILs for ‘fresh’ 
and ‘preserved’ foods have been evaluated assuming the dietary intake of a given food product to be obtained totally in one or other of the two 
forms. The DILs would need to be revised for different choices of intervention level of dose or where the intervention level of dose was intended 
for application to the exposure from the total dietary intake (see paras 510-511). Equally, some revision of the DILs would be necessary if it 
were judged that only a fraction of the total dietary intake of a given food product was obtained in either the ‘fresh’ or ‘preserved’ form (see 
paras 510-511).

— The annual intake of each foodstuff (see Table XIV).
— The assumption that the total annual intake of a given product is obtained from the same source or location (i.e. the assumption that the total

annual intake is initially contaminated at the same level: see paras 443 and A225).
— Delay before consumption: ‘fresh’ foods are assumed to be consumed with relatively little delay following their production or harvest.
— Agricultural practice: the DILs for animal products were derived assuming continuous outdoor grazing throughout the year with no supplemen

tary feeding. Where there are major differences in agricultural practices from that assumed, it is unlikely that revised DILs could be estimated 
by simple scaling of the tabulated values; in such cases the DILs should be re-evaluated from first principles for the particular circumstances 
of interest.

— Environmental transfer: the transfer of deposited nuclides to foodstuffs has been evaluated using the food-chain models and data in Refs [24, 25]. 
Where the environmental conditions differ from those assumed in Refs [24, 25] the values of the transfer factors Gg (see Tables XV and XVI) 
should be recalculated for the particular conditions of interest.

— Animal type: the DILs for animal products were derived for cattle. Those expressed in terms of concentrations in milk and meat can be considered 
broadly applicable to other animal types (i.e. sheep, goats). Those expressed in terms of concentrations in pasture would, however, be lower 
by a factor of about 10 for sheep and goats [53, 54].

— Chemical form of the deposited nuclide: the DILs, with the exception of iodine, are applicable to the nuclides deposited from the atmosphere 
in the oxide form. In general, the DIL will be relatively insensitive to the chemical form, at least for forms of practical interest. Notable excep
tions to this generalization are isotopes of plutonium, where the DILs for concentration in pasture grass, exposed fruit and vegetables and water
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would be reduced by a factor of up to about one hundred if the isotopes were deposited in a biologically more transportable form. In estimating 
DILs for plutonium isotopes deposited in an oxide form, it should be noted that different doses per unit intake were adopted depending upon 
whether the isotope was ingested as surface contamination (and therefore in the oxide form) or as biologically incorporated material (e.g. in 
milk), for which the transfer across the gut is much greater (see Table VUI).

— Losses during preparation: the ratio f of the concentration in the foodstuff before preparation/processing to that in the foodstuff as consumed 
may vary significantly with the foodstuff and the method of preparation, and the value of f is to be inserted by the user. It should be set to unity 
where the DILs are intended to apply to foodstuffs in forms as consumed. The ratio should be chosen realistically and may only exceed unity 
where the DIL is intended to apply to a product that will undergo some form of preparation before consumption.

— ‘Preserved’ foodstuffs: the DILs for ‘preserved’ foodstuffs have been evaluated subject to the relatively extreme assumption that the total annual 
intake of a given foodstuff is obtained following the accident and consumed uniformly from storage throughout the subsequent twelve months. 
Larger DILs would result if, for example, only a fraction of the annual intake were harvested and consumed in this way. The local/regional 
practices with regard to agriculture, food distribution and consumption will have a major influence on the estimation of DILs for ‘preserved’ 
produce (see paras 444-446).

— Additivity over food products: reference should be made to paras 510-511.

The DILs tabulated are the most restrictive of those calculated for an infant, child or adult. In general, the most restrictive DILs are for 
children, but this is not always the case, in particular for meat consumption and intakes of actinides.

The DILs for drinking water are specific to the assumptions adopted in their evaluation (i.e. that the annual intake of drinking water is contami
nated initially at the same level and that the only loss mechanism is radioactive decay — see paras 455-456). Other than for short lived nuclides, 
these assumptions are likely to be very pessimistic and should only be regarded as indicative of the potential significance of this pathway. Because 
of the potentially wide variation in the characteristics of water supply systems, DILs for drinking water should be determined on a case by case 
basis particular to the circumstances of interest.

b The DILs for Pu-238 and Pu-240 are the same as those for Pu-239.
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Annex II

DEFINITION OF SYMBOLS USED

a Year
B Breathing rate (m3- s -1)
Cg(t) Concentration of a nuclide in foodstuff g at time t (B q-kg-1)
C0 Initial concentration of a nuclide in a foodstuff (B q-kg-1)
£>0 Dose rate to skin per unit concentration of a nuclide in air (S v -s -1

per B q-m -3)
D7 Whole body (or effective) gamma dose equivalent rate per unit deposit

o f a nuclide on the ground (Sv • s - 1 per Bq • m ~2)
D7j Gamma dose rate (at height one metre), in the open, per unit deposit

of nuclide i on the ground (S v -s -1  per B q-m -2)
Ding Committed dose equivalent per unit intake of a nuclide by ingestion;

this may refer to an effective or single organ dose, depending on the 
context (Sv-B q-1)

Dinh Committed dose equivalent per unit intake of a nuclide by inhalation;
this may refer to an effective or single organ dose, depending on the 
context (Sv-B q-1)

Dsk Integrated dose to skin per unit deposit o f the nuclide on skin or
clothing (Sv per Bq • m ~2)

DCF Dose conversion factor relating the DIL to the intervention level of
dose

DIL Derived intervention level for a particular protective measure;
expressed in terms of the level of a radionuclide in an environmental 
material (or dose rate) relevant to a pathway of exposure 

DIL(i,p) Derived intervention level for a given protective measure for nuclide
i in an environmental material for exposure by pathway p 

DIL(gross Derived intervention level for the time integral o f the gross 
beta/gamma) beta/gamma activity concentration in air for a given protective 

measure and exposure pathway (B q-s-m -3) 
f  Ratio of the nuclide concentration in the foodstuff in a form in which

it is to be measured (and for which the DIL applies) to the concentra
tion in the foodstuff as consumed 

Fj Fractional abundance (activity) o f nuclide i in the total deposit of
radioactive material on the ground 

Gg Ratio of the integral over one year of the nuclide concentration in food
stuff g to either the nuclide concentration in that foodstuff at a specified 
time tp or to the initial nuclide concentration in pasture grass 
(B q-a-kg -1  per B q-kg-1)

Ig Annual intake of a foodstuff g (k g -a-1)
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Annual intake of drinking water (k g -a -1)
Intervention level of dose for a given protective measure identified by 
the subscript: subscript E refers to evacuation, S to sheltering, I to 
stable iodine, R to relocation and F to food restrictions (Sv) 
Time-dependent resuspension factor for the resuspension of nuclides 
deposited on the ground (m _1)
Measured level o f a nuclide i in an environmental material relevant to 
pathway p
Fraction of the gross beta/gamma activity in the postulated release 
contributed by nuclide i
Shielding factor from external gamma radiation provided by buildings: 
the ratio of the dose inside a building to that outside 
Time-averaged shielding factor to take account of shielding of external 
beta radiation afforded by clothing, being seated, etc.
Time-averaged shielding factor for gamma radiation to take account of 
the relative periods spent outdoors and indoors and of the shielding 
provided by structures while indoors 
Assumed period over which water consumption continues (a)
Time period, referred to as the ‘short term ’, over which projected 
doses are to be assessed for comparison with the intervention levels of 
dose in the early phase; typically, the ‘short term ’ can be interpreted 
as about a week (s)
Time at which the DIL is applicable, being the time at which the con
centration should be measured for direct comparison with the DIL (or 
alternatively, the time to which a measured concentration should be 
normalized before comparison with the DIL)
Deposition velocity of a nuclide from the atmosphere to skin and 
clothing (m -s_1)
Occupancy factor: fraction of time spent indoors 
Effective decay constant ( s -1 or a -1)
Radioactive decay constant ( s ' 1 or a -1)
Weathering decay constant for the removal of nuclides deposited on 
the ground (s~ ‘ or a -1)
Integral over one year of the whole body dose equivalent rate per unit 
dose rate from the nuclide at time zero (Sv per S v -s_ l)
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