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INTRODUCTION

Radioactive substances have been used in some consumer products
for many years; other uses may be developed in the future. The
possibility that the public might be unjustifiably exposed to radia-
tion from these products is a reason for the development of systems
of control whereby such products are required to be approved by
national authorities before they can be supplied to the public. The
basis of these controls should be the application of the ICRP prin-
ciples of justification and optimisation of protection together with
consideration of individual doses in comparison with dose limits.
In this paper we explore the difficulties and judgements which are
involved in applying these principles to radioactive consumer
products. These problems should be explicitly recognised in the
process of establishing radiological protection criteria for use by
national authorities, or indeed, before attempting to harmonise
international practices and thereby facilitate international trade.

JUSTIFICATION

ICRP has recommended cost benefit analysis as the 'ideal'
mechanism for determining the acceptability of a proposal involving
exposure of people to radiation, and have expressed the principles
of justification and optimisation in mathematical notation (i).
The aim of cost benefit analysis is to identify all the positive and
negative aspects of a proposed practice, to quantify them in a
common unit, usually money, and thereby determine whether the pro-
posal provides a net benefit to society as a whole. In view of the
quantitative nature of the technique, it might be regarded as a
sufficient basis for objective decision making. This however is not
the case. The major advantage of its application, in theory or
practice, lies not in the removal of subjective judgements but
rather in requiring their explicit recognition. It is therefore
valuable in assisting the development of consistent policy criteria,
but of itself does not necessarily provide a simple and unequivocal
solution.

The analysis initially draws attention to the distribution of
doses and benefits between both those involved in supplying the
products and the public. However, frequently the only concern of
the national authority is consumer protection as separate regulations
cover occupational exposure. In defining the scope of the analysis
the national authority is therefore likely to restrict its attention
to estimating the net benefit to the public and ignore the occu-
pational aspects.

The measure of net benefit to be attributed to the consumption
of a product can, in the theory of cost benefit analysis (2), be
derived from what is known as the "consumer surplus". This repre-
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sents the sum of the maximum additional amounts of money that con-
sumers would be prepared to pay for the product (ie above that
actually paid). This is a measure of the net value to the consumers
from their own viewpoints. However in practice, this perceived net
benefit from a product is likely to be distorted both by advertising
and misinterpretation (or ignorance) of the associated hazards.
Indeed, it is partially because of this inability of consumers to
correctly assess these radiological hazards that national authorities
need to exercise control over such hazards. Thus even where the
product buyers are the sole recipients of the benefits and the
radiological detriment from a product, this measure of net benefit
cannot automatically be assumed to reflect public preferences.

In most cases radioactive consumer products will expose non-
users as well as users to radiological hazards, and the protection
of these individuals provides a further reason for the control of
such goods. However, if money is the common unit to be used in cost
benefit analysis then this detriment will also need to be expressed
in monetary terms. The difficulties and judgements of applying cost
benefit analysis to value radiological detriment in this manner are
comparatively well known and are described elsewhere (3)« Once this
conversion has been made, then for any product a measure of the net
benefit to the public as a whole could be obtained, e.g. by sub-
tracting the detriment cost from the consumer surplus. Even so the
demonstration of an overall positive net benefit is not a sufficient
criterion for the purposes of justification without some reference
to the scale of the individual doses, particularly to non-users.
Moreover, compliance with the ICRP dose equivalent limits may not be
considered sufficient, and some lower maximum acceptable dose level
may need to be specified using subjective judgements.

Quite apart from the subjective judgements involved in inte-
grating the results from cost benefit analysis into a decision
making framework, the technique requires a substantial amount of
data. It requires realistic (as opposed to cautious).. assessments of
the dose distributions from normal use, misuse and accidents, and
iincontrolled disposal, as well as extensive market research to obtain
lata on the likely demand for the product. The generation of these
lata, even with products already on the market, would involve
onsiderable costs in terms of time and efforts These costs will
normally be out of all proportion to the scale of the radiological
iroblems associated with such products.

OPTIMISATION

Many of the comments made above are, of course, equally rele-
vant for the application of the principle of optimisation to radio-
active consumer products. This may be illustrated by reference to
i worked example recently carried out to develop a standard for the
jiiality control of gaseous tritium light sources (GTLSs) intended
Tor use in liquid crystal digital (LCD) watches (U). Three manu-
I'acturers were involved in the study and each was already undertaking
:iome form of quality control to detect inadequately sealed GTLSsc
The changes in costs and benefits resulting from changes to their
procedures were analysed. The following is a summary of the
findings :
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1. The analysis was only 'objective' in the numerical optimisation
of parameters and the results were in general different for each
manufacturer, depending on the relative cost effectiveness of their
quality control procedures. In deriving a standard to be applicable
to the whole industry subjective judgements were therefore required.
One such judgement was that those parameters which had only a mini-
mal effect on radiation exposure would be ignored.
2. While the primary concern was consumer protection the analysis
focused on changes in manufacturing costs as a parameter reflecting
changes in price and net benefit to consumers. In one case imple-
mentation of the derived optimum quality control parameter would
have resulted in reduced costs to the manufacturer but increased
detriment to the public. As it is not possible to ensure that the
cost savings would be passed onto the public, it was considered
undesirable to adopt this optimum parameter. However, in situations
where implementation of the derived optimum quality control parameter
would have resulted in reduced detriment to the public albeit at
higher costs to the manufacturer, it was considered reasonable to
adopt the optimum parameter; the manufacturer could then recover the
higher costs by increasing the price for his GTLSs.
3« The results were very sensitive to both the monetary value
assigned to the unit of collective dose equivalent and the assessed
dose per unit of tritium evolved.
k- The effort involved in what initially appeared to be a rela-
tively straightforward analysis was substantial. It was however,
considered to be worthwhile in this instance as it highlighted some
of the practical problems involved in optimisation and as there was
the possibility of very wide scale distribution of LCD watches with
G-TLSs.

CONCLUSIONS

It may be concluded that the role of quantitative cost benefit
analyses in determining the acceptability of consumer products is
likely to be limited. A more pragmatic scheme is likely to be
sufficient. Por justification purposes, one such scheme could
involve the restriction of doses to individual users and non-users
perhaps in relation to a qualitative description of the benefits.
For optimisation purposes, a more practical approach could again be
adopted involving, for example, the selection of the least hazardous
radionuclide in its intrinsically safest physical and chemical form
(5,6). Such a basis for the control of radioactive consumer products
would substantially reduce the effort required by the national
authority. However if this control is to be applied in a consistent
manner, it requires the development of specific criteria which will
inevitably incorporate subjective judgements on, for example, accep-
table levels of exposure. The explicit recognition of the. judgements
involved will clarify the development of such criteria both nation-
ally and internationally.
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