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The International Commission on Radiological Protection, in its
publication No. 9i adopted by the Commission in 1965) recommended a
maximum permissible dose to the critical organs, gonads and red bone-
marrow, of 50 mSv in a year. It was acceptable for up to half of this,
30 mSv, to be received in one calendar quarter. The Commission
accepted that to provide flexibility it may be necessary to repeat
the quarterly exposure each quarter of the year on some occasions but
recommended a cumulative limit of 5O(N-18) mSv to the age N years.
The Commission believed that these cases would occur infrequently.
It was also recommended that because any exposure involves a degree
of risk, all unnecessary exposures should be eliminated and all doses
kept as low as is readily achievable, economic and social considera-
tions being taken into account.

During the last decade new information became available which
necessitated a review of the basic recommendations. This review,
published as ICRP 26 was adopted by the Commission in January 1977-
Certain clarifications were made at the 1978 meeting of the Commission
in Stockholm and published within ICRP 28. The system of dose
limitation now recommended by ICRP is essentially, that no practices
shall be adopted unless their introduction produces a positive net
benefit, all exposures shall be kept as low as reasonably achievable,
economic and social factors being taken into account, and the dose
equivalent to individuals shall not exceed the appropriate.limits
recommended by the Commission.

In its review of the dose equivalent limit the Commission has
found that with the previous annual limit of 50 mSv, the distribution
of annual dose equivalents in large occupationally exposed groups has
very commonly fitted a log-normal function with an arithmetic mean of
about 5 mSv, with very few values approaching the limit. The
Commission has also found that the resulting average risk within such
occupational groups is comparable with other safe industries and
therefore considers that a dose equivalent limit of 50 mSv should be
retained. The Commission assumes that workers who are exposed near
the dose equivalent limits are unlikely to be so exposed every year,
but recognises that some individuals may have a higher than average
risk. The Commission recommends too that continued exposure of a
considerable proportion of the workers at or near the dose equivalent
limits will only be acceptable if a careful cost benefit analysis
shows that the resultant risk is justifiable.

The Commission indicated in ICRP 9 that the dose limits were
intended for planning design and operation in foreseeable conditions
of exposure. In its review in May 1978 the Commission specifically
eliminated reference to the use of dose equivalent limits for the
purpose of planning.

Legislators and designers must take account of the advice
offered by ICRP but nevertheless use it in a practical way. ICRP
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offers no advice on the size of the occupational group over which the
achievement of an average dose equivalent equal to one tenth of the
dose equivalent limit would be acceptable. The development of public
and industrial awareness in many countries suggests that perhaps some
quantification of acceptable lifetime individual risks is required.
In the development of an index of harm (1) ICRP specifically rejects
the practicability of controlling the cumulative dose equivalent of
workers according to age and sex, regarding the achievement of an
adequate standard of protection to be more reliably ensured if a
single dose equivalent limit can be used for all workers. The
success of this philosophy is entirely dependent on the distribution
of dose equivalent within groups of workers remaining unchanged.
Furthermore, this philosophy allows individuals a radiation risk
comparable with occupational risks in high risk industries such as
construction and mining. This radiation risk is additional to con-
ventional risks in the.individuals occupation and does not neces-
sarily result in a corresponding benefit to that individual.

This paper considers methods of limiting individual radiation
risks by recognising the variation of risk with age at exposure,
taking into account both somatic and genetic risks and proposes a
simple formula for controlling individual cumulative exposure and
hence risk.

VARIATION OF BISK WITH AGE AT EXPOSURE

Two components of radiation risk can be identified, namely
genetic and somatic. In both cases dose equivalent received early in
life carries a greater risk than that received later. In the case of
the genetic component the risk becomes zero after completion of child
production. For somatic effects the latent period has the effect of
reducing the risk from dose equivalents received later in life. In
quantitative terms data on the variation of risk with age is sparse.
However, such data as is available has been used by ICRP (1) to pro-
duce a curve showing variation of radiation risk with age at exposure,
including both genetic and somatic components. The curve., Fig. k in
(1) may be approximated to a straight line represented &,s a function
of N:

R(N) = (2.82 - 0.0^251*010-5 mSv""1 ... where N is age at exposure
A cumulative dose equivalent limit, D(N), expressed as a

function of N may be proposed, where D(N) may be a continuous
function (e.g. D(N) = (N-16)2 mSv), or have a discontinuity
(e.g. D(N) = (N-16)2 mSv with a superimposed over-riding annual limit
such as 50 mSv).

If the resulting dose equivalents in years N and N-1 are Dpj
and %_-] respectively, then the cumulative risk to age N is:

where n is the age at commencement of occupational exposure.

Figure 1 shows cumulative risks with age for a range of dose
limit functions and Figure 2 shows the corresponding cumulative
limits of dose equivalent- Table 1 shows the resulting lifetime
risks for the same range of cumulative dose equivalent limit functions,
expressed as percentages, assuming exposure to age 65-
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The risk and cumulative dose equivalent curves are identified
as in Table 1. In the case of the cumulative dose equivalent
functions 3, h and 6 the over-riding limits of 50 mSv, 30 mSv and
20 mSv per year are dominant from ages Vf, 3^ and 26 respectively.
The latter two functions give very little benefit in terms of risk
and also lead to very restrictive exposure regimes.
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Pig 1 Cumulative risks with age. Fig 2 Cumulative dose limits with age.

TABLE 1 Lifetime risks for a rangé of dose equivalent limit functions.

Dose equivalent limit function Lifetime risk (%)

50 mSv per year
(N-16)2 mSv to age N
(N-16)2 mSv with 50 mSv limit
(N-16)2 raSv with 30 mSv limit
O.5(N-16)2 mSv
(N-16)2 mSv with 20 mSv limit
15 mSv per year
5 mSv per year

2.if
1.7
1.5
1.15
0.85
0.8
0.75
0.25

DISCUSSION

It will be seen from Table 1 that the lifetime risk to persons
annually exposed to 5 mSv is 0.25^- This represents the average
risk within a group of persons if their average exposure is one tenth
of the current dose limit of 50 mSv. It is suggested here that it•is
undesirable for individuals to be exposed to a lifetime risk much
greater than five times the average risk. Inspection of Table 1
shows that this can be achieved by limiting individual cumulative dose
equivalent to (N-16)2 mSv with a 50 mSv superimposed annual over-
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riding limit. If on the other hand the individual risk is limited to
three times the average then this is achieved by a cumulative limit
of 0.5 (N-16)2 mSv with no individual yearly limit.

The advantages of either scheme are:
i) Eetention of the facility to receive dose

equivalent of 50 mSv in individual years,
ii) Reduction of individual radiation risks,
iii) Limited dose equivalent from the age of 16

for training purposes.
iv) Higher dose equivalents in the second half

of the working life when work skills are
fully developed.

It is suggested also that planned special exposures should be
limited to the difference between exposures already received and the
ceiling given by the cumulative limit without any further need for
restriction within that planned exposure.

PRACTICAL APPLICATION

Either scheme may be applied by means of a complete table of
permitted cumulative exposure and age. It may in some circumstances
be more convenient to limit the average exposure over groups of
years. In the latter case the formula (N-16)2 mSv with a 50 mSv
annual limit gives almost exactly the same risk as allowing 10 mSv
per year from age 16 to 25, 30 mSv per year from age 25 to age ̂ +0
and 50 mSv per year above age ̂ 0.

CONCLUSIONS

On the basis that the current dose equivalent limit of 50 mSv has
been shown to give an average dose equivalent of 5 mSv within a large
group of workers, the individual risk within such a group can be
limited to no more than three times the average if a cumulative
individual limit of 0.5 (M-16) mSv is applied or to five times the
average if a limit of (N-i6)2 mSv with an over-riding annual limit of
50 mSv is applied, where N is the age of the individual.
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