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1 Introduction 
 
On 20 October 2001, the International Commission on Radiological Protection 
(ICRP) approved the formation of a new Task Group, reporting to ICRP 
Committee 4, on the definition of the individual for the purposes of radiation 
protection of the public. The objective of the Task Group was to develop 
principles that would assist in defining the individual to be used for 
estimating dose and determining compliance in the ICRP system of protection 
for members of the public. The primary focus of the work of the Task Group 
was prospective assessments undertaken to demonstrate whether proposed 
facilities or actions would comply with radiological protection criteria. The 
Task Group recommendations would, however, apply in principle to 
assessments being undertaken retrospectively to demonstrate compliance 
with these criteria. 
 
The membership of the Task Group was as follows: 
 
John E Till (Chairman), United States Toshiso Kosaka, Japan 
David Cancio, Spain    Andrew C McEwan, New Zealand 
John R Cooper, United Kingdom  Ciska Zuur, The Netherlands 
 
Corresponding Members: 
 
Mary E Clark, United States   Donald A Cool, United States 
Kaare Ulbak, Denmark 
 
In early 2005, the Task Group produced a draft report which was issued for 
consultation on the ICRP website. A number of helpful comments were 
received. Taking account of these comments, a revised report was prepared 
for consideration by the Commission at its meeting in March 2006. This paper 
summarises that report. 
 
2 The Problem 
 
ICRP’s system of protection requires compliance with criteria set in terms of 
individual dose1. These criteria include dose limits and dose constraints 
specified for various exposure situations. Doses to members of the public, 
however, cannot be measured directly and in some cases, they cannot be 
                                         
1 In this paper, the term dose refers to effective dose as defined by ICRP. 
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measured at all. This is particularly true in the case of prospective 
assessments. The magnitude of the dose to a member of the public will 
depend, inter alia, on the person’s age, location and habits. These habits will 
include the amounts of different foodstuffs consumed together with the 
locations of the food production. 
For the purposes of protection of the public, therefore, it is necessary to 
characterise an individual receiving a dose that is representative of the more 
highly exposed individuals in the population. Up to the present time, ICRP has 
used the critical group concept for this purpose. Dose limits and constraints 
have been applied to the mean dose in the appropriate critical group. The 
critical group concept was first introduced in ICRP Publication 7 (1965) with 
guidance on the application of the concept being provided in Publication 26 
(1977) and Publication 43 (ICRP 1985). Since 1985, however, there have been 
developments in the techniques used to assess doses to members of the public, 
notably the increasing use of probabilistic techniques. There has also been a 
considerable body of experience gained in the application of the critical group 
concept over the past thirty years. These factors have prompted the 
development of this Task Group report and have had a substantial bearing on 
its recommendations. 
 
3 What is in a name? 
 
One of the first decisions of the Task Group was to use a different term to 
‘critical group’. The reasons were two fold. First, the adjective ‘critical’ has 
the connotation of a crisis, which was not what was intended by ICRP. Second, 
the noun ‘group’ is confusing in the context that the assessed dose is the dose 
to an individual. The term used by the Task Group to replace ‘critical group’ 
is the ‘representative individual’ which is shorthand for ‘the representative 
individual for the purposes of applying the Commission’s dose limits and 
constraints for members of the public’. 
 
4 Dose Assessment Process 
 
Characterisation of the representative individual is intimately linked to the 
process of assessing dose to members of the public. Dose assessment can be 
thought of as a multi-stage process (Figure 1). The first stage is to obtain 
information about the source, including data on the types and quantities of 
radionuclides and radiations emitted. The second stage is to obtain 
information about the environment, specifically the concentrations of 
radionuclides in environmental media arising from the source in question. The 
third stage of the process is to combine concentrations with habit data that 
are defined by an exposure scenario. The fourth stage is to use coefficients 
that either relate concentrations in air or soil to external dose rates (external 
doses), or that convert a unit of intake into dose (internal doses). Dose 
coefficients are estimated using models of radionuclide behaviour and 
radiation absorption in the body and have been derived and published by 
ICRP. The final stage is to sum the contributions from external and internal 
dose as appropriate.  
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The doses to the representative individual may be calculated using several 
different approaches that range from simple deterministic methods to 
probabilistic methods. In the deterministic methods, point values are taken 
for each of the parameters whereas in probabilistic calculations, distributions 
are chosen for parameter values. The guidance given by the Task Group 
addresses both types of calculations. 
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FIGURE 1  Dose Assessment Process 
   
Source   

   
  

Estimate concentrations of 
radionuclides 

 environment 

   
  

Combine with habit data 
- exposure rates 
- intakes of 
radionuclides 

 

habits 

   
  

Estimate doses  dose 
 
 
5 The Characteristics of the Representative Individual 
 
5.1 General Considerations 
 
In all computational approaches, there are a number of important factors that 
need to be considered in characterising the representative individual. The 
first of these is that the purpose of the assessment needs to be established. 
Assessments can be done for various reasons including establishing compliance 
with radiological criteria and evaluating the health impact on an exposed 
population. The Task Group’s guidance addresses assessments undertaken for 
the purposes of establishing compliance with radiological protection criteria, 
only. 
 
It is important that the dose to the representative individual considers 
appropriate contributions from all modes of exposures (eg, atmospheric 
discharges, liquid discharges, and direct external exposure). It is possible that 
in some assessments, one pathway or a few pathways dominate the exposure. 
Assumptions can be made so that only the pathways that contribute 
significantly to the exposure are taken into account. The key to which 
pathways should be included depends on the type of assessment, but the 
overall goal should be to ensure that no important pathway has been omitted. 
 
For a time period of about 50 years into the future, it is reasonable to assume 
that characteristics of individuals can be based on current habit data. The 
prospective assessment of annual individual dose can therefore be considered 
valid for a period of this order. For assessments of doses for long time periods 
into the future from disposals of solid radioactive waste, for example, the 
guidance in ICRP Publication 81 remains valid (ICRP 1998). 
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In assessing dose in prospective situations, it may be appropriate to recognise 
that institutional controls on land use (eg, designation as a national park or 
wilderness area) could be in effect. These controls might preclude types of 
activity (eg, residential use or arable cropping) in the designated area so that 
obtaining staple food supplies from the area would not be possible. Climatic 
conditions might also preclude or dictate potential for future habitation and 
locally produced foodstuffs (eg, in an arid zone, availability of water might 
preclude both extended residence and sustainable food production). Thus, 
currently there may be no agricultural production in the vicinity of a proposed 
facility, but such production could start during the facility’s proposed 
lifetime. The regulatory authority should determine if this agricultural 
production is to be assumed in a prospective assessment. Nevertheless, it is 
important to occasionally re-evaluate the selected characteristics during the 
lifetime of a facility to account for significant changes that might occur in 
demographic data and lifestyles. 
 
The spatial and temporal distributions of radionuclides discharged and the 
build-up of long-lived radionuclides over the lifetime of a facility should be 
taken into account. One example of this build-up is the accumulation in river 
or lake sediments of radionuclides from liquid releases. Such build-up could 
result in the most exposed individuals being distant from the facility or being 
exposed later in time. 
 
5.2 Individual-specific Considerations 
 
The characteristics of the representative individual are described by age-
dependent physiological parameters and habit data that include dietary 
information, residence data, use of local resources, and any other information 
that is necessary to estimate dose. 
 
5.2.1 Habit Data 
 
It is important that individual habits (eg, consumption of foodstuffs, 
breathing rate, location, use of local resources) used in the deterministic 
approach are average habits of a small number of individuals representative 
of those more highly exposed and not the extreme habits of a single member 
of the population. Consideration may be given to some extreme or unusual 
habits, but they should not necessarily dictate the characteristics of the 
individuals considered. An exception may be the habits of a single individual 
that might reasonably be expected to continue for an extended period of time 
by that individual or others. 
 
When distributions of habit data are employed in a probabilistic approach, 
the habit data considered should include the range of all possible values found 
within the relevant population. The distributions of habits should be 
appropriate for the location or situation under consideration. For example, if 
discharges to a coastal environment are the subject of an assessment, the 
distributions of habits should at least reflect the behaviours of residents of 
coastal communities. 
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If specific habit data for a local population are not available (eg, fish 
consumption from a coastal area with a local discharge of radionuclides into 
the marine environment), values may be derived from appropriate national or 
regional population data. A distribution of these data may be used in 
probabilistic assessments, or a value for habit data on the distribution may 
be selected for deterministic calculations. Established national databases 
suggest that the 95th percentile of consumption rates for many staple foods 
tend to exceed the mean value of the distribution by approximately a factor 
of 3 (Byrom et al 1995). The Task Group considers that using the 95th 
percentile of behaviour in deterministic calculations is a cautious assumption 
for defining an intake rate in the absence of site specific data. 
 
Generally, one exposure pathway for a particular source will dominate the 
dose to the representative individual from that source. If more than one 
intake route for radionuclides provides a significant contribution to dose, it 
may not be reasonable to assume that the 95th percentile habit data are 
applicable to all routes; the more dominant route should be assigned a 95th 
percentile intake, and a lower value assigned to other pathways, consistent 
with the requirements that assessments represent a set of habits that are 
reasonable and sustainable.  
 
In selecting habit data for the representative individual, reasonableness and 
sustainability must be considered in all cases. 
 
Reasonableness implies that the habit data realistically apply to an individual 
and are not outside the range of what persons encounter in day-to-day life.  
 
Sustainability addresses the degree to which the selected habits can be 
continued over the time frame of the assessment. Habit data need to be 
sustainable. For example, the total dietary intake should be consistent with 
credible calorific requirements. Habits should correspond to an individual’s 
personal requirements. It is inappropriate to assume, for example, that the 
same individual receives daily nutrient requirements independently from each 
of several different pathways (eg, agriculture and fishing). Also, it is 
inappropriate to assume that all foods consumed in an area are grown within 
that area if it is apparent that the location and land area available could not 
support the assumed dietary intake. Similarly, the intakes of wild game from 
an area should not exceed feasible game-capture rates. In the case of 
significant contributions to the dose from external exposure, reasonable 
estimates of times spent in areas of elevated exposure rates are required. In 
general, maintenance of exposure situations for a period of at least five years 
would be considered sustainable. 
 
Recommendations have been previously made by the Commission that are 
applicable to situations where the characteristics of the representative 
individual are being derived from local habit data. The Commission has 
previously stated for deterministic assessments (ICRP 1985) that the 
necessary degree of homogeneity in habit data in the highest exposed group 
depends on the magnitude of the mean dose in the group as a fraction of the 
relevant dose limit or constraint. If that fraction is less than about one-tenth, 
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the group should be regarded as homogenous if the distribution of individual 
dose lies substantially within a total range of a factor of 10 (ie, a factor of 
about 3 on either side of the mean). At fractions above one-tenth, the total 
range should be less, preferably no more than a factor of 3. 
 
In all cases, care should be exercised to avoid selecting extreme percentile 
values for every variable to prevent excessive conservatism in the 
assessment. Such a result could lead to a significant and unrealistic 
overestimation of the dose to the representative individual and might unduly 
burden the design of medical or other facilities. Taken together, the selection 
of parameter values must represent a reasonable and sustainable exposure 
scenario. 
 
5.2.2 Age-specific Dose Coefficients 
 
It is generally recognised that for external exposure in the environment, there 
is little variability in dose per unit of exposure with age. For intakes of 
radionuclides, however, the Commission has issued age-specific dose 
coefficients (dose per unit intake, Sv Bq-1) for members of the public in six age 
ranges covering the time period from the newborn infant to age 70 years (ICRP 
1996). It has also issued dose coefficients for the embryo/fetus for 
radionuclide intake by the mother (ICRP 2001) and dose coefficients for the 
new born child for radionuclides in the mother’s milk (ICRP 2005). These 
coefficients allow the calculation of dose for specific groups in the 
population. 
 
Is it always necessary or desirable to estimate doses to these eight age 
groups? The application of dose coefficients for the eight groups should be 
weighed in relation to the ability to predict concentrations in the environment 
from a source and the ability to account for uncertainties in habit data for 
individuals exposed. Uncertainties in estimates of dose, particularly for 
prospective calculations, are generally not significantly reduced by increasing 
the number of age categories for which dose coefficients have been provided. 
Thus, the precision implied by using the full set of dose coefficients is not 
warranted in the estimation of prospective dose to the public because of the 
uncertainties involved. Three other factors guided the Task Group’s 
considerations. 
 
1) Importantly, most facilities are expected to operate for a period of at 

least 50 years. Therefore, compliance is being determined for an 
individual who is being exposed for a number of years. This 
fundamental concept of continuing exposure to the same individual 
justifies the use of a limited number of age categories that cover 
several years of a person’s life.  

 
2) The dose coefficients provided by the Commission give the committed 

dose from intake in a single year. This conservative accounting of dose 
assures individuals are protected over a lifetime of exposure, 
regardless of the number of years they are exposed. For example, in 
the case of actinides, dose coefficients take into account the integrated 
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commitment for a lifetime of exposure, which overestimates dose to an 
individual in any given year. 

 
3) The Commission allows averaging over a five-year period in evaluating 

compliance with the dose limit (ICRP 1991) and, therefore, a similar 
approach involving averaging may be appropriate for establishing the 
number of age groups to be considered in prospective assessment of 
continuing exposure. Experience to date also indicates that age 
categories can be combined without impacting protection of members of 
the public in these situations. 

 
Taking all of these factors into account for the purpose of compliance with 
the dose constraint for continuing exposure, the Task Group recommends that 
the annual dose for representative individuals should be defined by three age 
categories. These categories are 0 to 5 years (infant), 6 to 15 years (child), 
and 16 to 70 years (adult). The shorter time period is selected for the infant 
age category, when dosimetric characteristics are changing most rapidly, to 
avoid any unwarranted reduction in the importance attached to doses to 
younger age groups. Use of these three age categories is generally sufficient 
to characterise the radiological impact of a source and to assure due 
consideration of younger, more sensitive populations. For practical 
implementation of this recommendation, dose coefficients and habit data for 
the 1-year old (infant), 10-year old (child), and adult should be used as 
representing the three age categories. These recommendations are 
summarised in Table 1. 
 
The 0-to-5-year old category does not include the fetus or breast-fed infant. 
In most cases, the dose to the fetus or breast-fed infant will not be 
substantially different from the assessed dose for the 0-to-5 year age 
category. However, some radionuclides, principally isotopes of phosphorus 
and the alkaline earths, can deliver significantly higher doses to the fetus and 
breast-fed infant. The Task Group recognises the fetus as deserving a 
comparable level of protection to that afforded the other age groups. 
Therefore, if assessed doses to the other age groups include significant 
contributions from radionuclides known to give rise to relatively high doses to 
the fetus or breast-fed infant, and they are approaching the value of the 
relevant dose constraint, the dose to the fetus or breast-fed infant should be 
separately assessed to ensure that the quantitative recommendations are 
respected. In light of the fact that this intake will only be received over a 
very limited proportion of the individual’s lifetime, the Task Group considers 
that an appropriate level of protection can be achieved by comparing the 
assessed dose to the fetus or breast-fed infant with a dose constraint that 
could have a higher value than the one normally applied to members of the 
public. The value of the constraint applied to the fetus or breast-fed infant 
should not, however, exceed the dose limit for members of the public. 
 
The Task Group continues to encourage the use of all available age-specific 
dose coefficients in planning for and responding to accidents. However, the 
consolidated age categories proposed by the Task Group in this report may be 
acceptable in some accident situations, especially when prospective 
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assessments are being made of future consequences of the accident or in 
determining remediation alternatives. This decision should be made by 
appropriate regulatory authorities. 
 
TABLE 1  Dose coefficients recommended for determining compliance with the 
dose constraint 
Age category (y) Name of age category Dose coefficient and habit 

data to be used 
0 – 5 infant 1 year old 
6 –15 child 10 year old 
16 – 70 adult adult 

 
6 Determining Compliance 
 
With deterministic methods, the assessment results in a single value of dose 
that is compared with the relevant constraint to determine compliance. 
Compliance with radiological protection requirements is achieved when the 
value of dose to the representative individual is less than the dose constraint 
and radiological protection has been optimised. 
 
For probabilistic assessments, defining the representative individual and 
determining compliance from a distribution of doses is usually more complex. 
There are many acceptable approaches and numerous distributions of dose 
may result. Therefore the Task Group does not prescribe a specific method to 
be used for probabilistic assessments. 
 
For some probabilistic assessments of dose, it is possible that essentially all 
doses on the distribution will be predicted to be less than the relevant dose 
constraint. In this case, compliance is readily demonstrated. In all other 
situations the Task Group recommends that the representative individual be 
defined such that the probability is less than about 5% that a person drawn at 
random from the population will receive a greater dose. 
 
If such an assessment indicates that a few tens of persons or more could 
receive doses above the relevant constraint, then the characteristics of these 
people need to be explored. A sensitivity analysis of chosen parameter values 
should be considered to determine if the most appropriate distributions have 
been used. Attention should also be given to suggestions from members of the 
public of existing or likely exposure situations that might reflect extremes in 
the population. Such contributions may not have been included in the initial 
analysis. Although those contributions most often correspond to low 
exposures, experience has shown that they sometimes point out potentially 
significant exposure pathways that have not been addressed and that warrant 
further investigation. If, following further analysis, it is shown that doses to a 
few tens of persons are indeed likely to exceed the relevant dose constraint, 
actions to modify the exposure should be considered. 
 
Assessments may be undertaken retrospectively for the purpose of 
determining whether a facility has complied with radiological protection 
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criteria. In the case of the Commission’s dose limits, failure to comply may be 
a legal matter. Failure to comply with dose constraints, however, need not 
necessarily be regarded as a failure of protection. The Task Group suggests 
that the importance attached to estimated doses above the dose constraint 
should be evaluated on a case by case basis. In some cases, it may be 
expected that these doses will continue for only a short time and may thus 
warrant no action. However, if doses to the representative individual are 
estimated to have exceeded the dose constraint and these doses are expected 
to continue for a protracted period of time, a decision should be made by the 
operator and the regulator as to whether a reduction in the source is 
required. Such a situation might warrant additional monitoring to reduce 
uncertainty in the dose estimate or verify the magnitude of dose. The above 
considerations should be separate from any decision regarding whether the 
previous design or operations were in compliance with their basis of 
authorisation. 
 
Regardless of the approach taken to determine compliance, the Task Group 
stresses that application of the total system of protection, utilising both 
compliance with the relevant constraint and optimisation of protection, is 
necessary for radiological protection. Table 2 summarises the dose 
assessment methods described in this section. 
 
 
TABLE 2  Summary of methods used for determining dose to the 
representative individual 

Calculation Method  
Probabilistic Deterministic 

Environmental 
concentration data 

Distribution of 
estimated or measured 
concentration 

Single values for 
parameters 

Habit data Range or fixed values 
for habit data 

Average value for the 
more highly exposed 
group or 95th percentile 
of appropriate national 
or regional data 

Dose coefficient Fixed value based on 
age 

Fixed value based on 
age 

Dose to the 
representative 
individual 

Method selected by 
operator or regulator. 
Representative 
individual is identified 
such that the probability 
is less than about 5% 
that a person drawn at 
random from the 
population will receive a 
greater dose 

Product of above values 
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7 Conclusions 
 
A Task Group of Committee 4 has developed a report on defining the 
individual for the purposes of radiation protection of the public. The report 
expands and develops the critical group concept giving guidance for both 
probabilistic and deterministic assessments. The name ‘representative 
individual’ is now proposed to replace the term ‘critical group’. 
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