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INTRODUCTION

The system of dose limitation recommended by the International
Commission on Radiological Protection (ICRP) CD includes the over-
riding requirement that dose equivalents received by individuals shall
not exceed appropriate recommended limits. Control of radioactive
waste disposal to the environment therefore necessitates an identifi-
cation of those members of the public who are the most highly exposed.
The actual doses received due to a given practice will vary because of
differences in age, size, metabolism and customs, as well as varia-
tions in the environment. The ICRP (1,2) considers that it is usually
feasible to take account of these sources of variability by the selec-
tion of appropriate critical groups. However, the way in which criti-
cal groups should be identified has not been precisely defined: it
has been for national authorities to interpret.

In the context of aquatic disposals of liquid radioactive waste
it is usual in the U.K. to consider each site individually when asses-
sing doses to members of the public, because of the many variables
which require to be taken into account. Standard practice is to
investigate each critical pathway by means of a survey of the habits
of the (usually) local population. A consistent approach to selection
of the critical group from habits survey data is required. In this
paper, criteria (mostly based on ICRP recommendations) for identifica-
tion of critical groups are discussed. Techniques are examined in the
light of these criteria and experience at the Fisheries Radiobiologi-
cal Laboratory (FRL), Lowestoft. Recommendations are made on how
critical groups should continue to be identified and characterised.

CRITERIA FOR IDENTIFICATION OF CRITICAL GROUPS

ICRP provides qualitative guidance For identifying critical
groups. Two important criteria emerge from paragraph 85 Df ICRP 26 (1):

(a) The critical group should be representative of those
individuals in the population expected to receive the
highest dose equivalent.

Cb) The critical group should be small enough to be relatively
homogeneous with respect to age, diet and those aspects of
behaviour which affect the doses received.

The way in which homogeneity within a sample should be tested is
laid down in paragraph 215 of ICRP 26 (1] (quoted): "The dose
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equivalent to a specified organ or tissue in a given population group
will normally be determined on the basis of a representative sample.
The spread of the observed values will be an indication of the homo-
geneity of the sample, and thus of the group, and will provide a
statistical basis -for judging whether the group has been suitably
defined." It is n;ot .jsi course possible to apply this test in prac-
tice. It is, however, possible to define the group such that the test
will be largely satisfied. As far as internal irradiation is concer-
ned, actual doses received will also vary with metabolic factors. The
test will be essentially satisfied if the range of habits within the
group is such that the expected metabolic variations will be predomi-
nant in determining the spread of doses. Preston et ail. (3) have
suggested this approach, and have presented a review of relevant meta-
bolic data. It was concluded that a range in habits corresponding to
a ratio of not more than 3 between the maximum observed and the mean
characterising the group would be sufficient.

With external exposure, there will undoubtedly be some variation
between individuals in weighted mean whole body dose equivalent owing
to physiological differences, mainly in tissue thicknesses. For pene-
trating radiation variations are, however, likely to be considerably
less than those caused by metabolic factors which affect internal
irradiation. For external exposure it is not therefore sufficiently
restrictive to accept the same factor for limitation of the critical
group.

Other criteria, based on ICRP recommendations (1) for methods
of selecting critical groups and guidance from earlier ICRP publica-
tions (2,4), may be summarised, with a little comment, as follows:

(c) Results should not depend heavily on the possibly capri-
cious or wishfully-described habits of very few extreme
individuals.

(d) The method should not result in the possibility of many
individuals exceeding the dose limit for the general pub-
lic if the critical group were to be exposed near the dose
equivalent limit. ICRP accepts that some extreme members
of a critical group will in fact receive doses somewhat
higher than the mean to which the appropriate dose equiva-
lent limit is applied, but states that doses received will
usually be overestimated because of maximising assumptions
used.

In addition the further practical considerations have been noted
by Shepherd C5):

(ej The method chosen should not allow ambiguous interpretation.
(f) It should not require an unjustifiably large survey effort.

The effort will depend on the size of the exposed popula-
tion, but the method should allow attention to be focussed
on the individuals expected to be exposed at the highest
rates (cf. (a)).

Cg) It should require little mathematical analysis - certainly
no more than is justified by the nature of the survey data,
which as collected are in many cases subjective and require
interpretive skill of the interviewer.
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METHODS FOR SELECTION OF CRITICAL GROUPS FROM SURVEY DATA

Preston et aim (3) and Shepherd (5) have reviewed methods exis-
ting up to 1974 far selecting critical groups. The methods are sum-
marised, and any of the above criteria which are unfulfilled by them
are given, in the table below.

Type of Method Criteria
method unfulfilled

Arbitrary (i) Selection of exceptional data (e)
(ii) Fixed fraction of exposed (f]

population
Statistical (iii) The deviant subgroup (a),tf).(g)

(iv) Statistically defined cut-off (f).(g)
(v).Extreme value theory (B) (b),(f]»(g)

Two additional methods may be described:
(vi) Cut-off based on homogeneity

This method derives from the discussion under criterion (b).
The lower limit for critical group membership is set such that the
ratio between the maximum observation and either the lower limit or,
less restrictively, the mean of the chosen group itself is equal to 3.
This method, as discussed above, would not be sufficiently restrictive
for external exposures. Given this, the only unsatisfied criterion is
(c); however, this is not serious since a mean over a number of
observations is subject to less sensitivity than the maximum observa-
tion itself, and for small populations there will be a greater chance
of successfully locating the extreme member.

(vii) The 'top thirty' method due to Shepherd (5]
That reasonable homogeneity in the critical group should be

observed, as well as criteria Cc) and (d), suggests that it is neces-
sary to choose a critical group whose size is relatively constant com-
pared with that of the exposed population. Shepherd (5) notes that in
a number of consumption rate surveys the numbers of individuals exceed-
ing observed levels appears in the upper region to decrease as the
power of about 3. This observation has some basis on the assumption
of an underlying log-normal distribution. A given homogeneity there-
fore implies a relatively constant size of critical group, numbering
about 3^ C= 30) for a maximum to minimum consumption rate ratio of 3.
This size applies to all of those more highly exposed and an estimate
of the surveyed fraction is required. The method may also be shown
to apply less well to exposed populations of less than a few hundred.

Applying the method to consumption rate surveys in which the
exposed population is higher than this gives critical group consump-
tion rates which agree fairly well (5) with those values accepted
after applying previous methods and taken as reasonable in the light
of experience. So far the method has only been applied to consumption
rate data. For occupancies, the exposed populations involved are
often small. Also, as already pointed out, the homogeneity criterion
is more restrictive for external exposures. The appropriate method is
then that of averaging the relevant extreme observations [method (i)).
However, for internal exposure due to occupancy, via inhalation as the
prime example, the last restriction would not necessarily apply.
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RECOMMENDATIONS

Data analysed at present fall mainly into two broad classes:
consumption rates in connection with internal irradiation and occu-
pancy data in relation to external exposure. It would.appear that
both the nature of the data and the way in which the criteria (parti-
cularly for homogeneity) apply differ sufficiently strongly between
the two classes that separate approaches should be made in identifying
critical groups.

For consumption rate data, provided the exposed population is
sufficiently large, method (vii) would appear to offer the most objec-
tive approach with the ability to satisfy established criteria. The
following may clarify the procedure. The consumption rate survey
should be carried out with particular emphasis on the higher rate con-
sumers. The proportion of those surveyed should be estimated as
objectively as possible. A logarithmic plot of numbers exceeding
observed levels of consumption will indicate if the inverse third
power law relationship is obeyed. If so the surveyed fraction of the
top thirty consumers can be chosen as representative of the critical
group. The critical group mean can then be calculated, and this
should be the arithmetic mean of the representative observations. If
the inverse third power law is not obeyed, as will be the case for
small populations of consumers, the homogeneity criterion can still be
applied to the observed distribution, as in method (vi). A lower
limit to critical group membership should be applied at a consumption
rate equal to one-third of the maximum observed.

Regarding external exposures, the exposed populations are often
small and the homogeneity criterion is more restrictive than for con-
sumption rates. It is recommended therefore that the simple approach
of method (i) be used. In many cases the more highly exposed persons
are fairly easy to identify; estimation of occupancies can often be
carried out fairly reliably since they may occur by the nature of the
persons' work.

Recommendations are also given in relation to internal irradia-
tion following inhalation during occupancy. Distributions of occu-
pancy encountered are described above. These require to be combined
with a homogeneity criterion likely to be of similar flexibility to
that for consumption rates. This combination is, then, similar to
that described for small populations of consumers and method (vi) is
appropriate. In some cases, the occupancy distribution will inevi-
tably . indicate that as for external exposure the critical group will
consist of a few of the more extreme observations.
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