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ABSTRACT

In 1977 the ICRP recommended that computation of the
occupational whole body effective dose equivalent include
individual organ dose weighting factors derived from risk
coefficients for stochastic effects. The pre-eminent
weighting factor of 0.25 was assigned to irradiation of the
gonads in order to account for heritable genetic effects
manifest in later generations.

As of 1990, there exists no positive significant
evidence for the occurrence of transmitted genetic effects
in humans after radiation of any form, dose, or dose rate.

To assign to gonads 25% of the health detriment from
radiation has no basis in medical experience. It
establishes a policy that may underestimate the proportion
of real mortality from other more radiosensitive organs, and
the policy could compromise unreasonably the occupational
stability of workers whose activities may involve gonadal
irradiation.

INTRODUCTION

The new Standards for Protection Against Radiation
(United States Nuclear Regulatory Commission, 1986)
incorporate the system of dose limitations recommended by
the ICRP (International Commission on Radiological
Protection, 1977). That system includes organ dose
weighting factors derived from risk coefficients for
stochastic effects. The pre-eminent weighting factor of
0.25 was assigned to irradiation of the gonads in order to
account for the detriment arising from heritable genetic
effects manifest in the subsequent two generations of
offspring from the person irradiated.
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This creates a dilemma in logic. As of 1990, there
exists no evidence for the occurrence of any transmitted
genetic effects in humans after radiation of any form, dose,
or dose rate. In this paper I wish to discuss further the
issue of creating new regulations to protect workers against
an unproven hazard.

ORIGIN OF THE GONADAL ORGAN WEIGHTING FACTOR

For purposes of radiation protection involving
individuals in a general population with normal age
distribution the average risk factor for hereditary effects
expressed in the first two generations was stated by the
ICRP as 4 x 10"3 Sv"1. Because the risk coefficient per
sievert for irradiation of the whole body was taken as 1.65
x 10"2, the organ we
was therefore 0.25.
x 10"2, the organ weighting factor for gonadal irradiation

It was concluded that the dominent stochastic effect
for gonadal irradiation was serious hereditary ill health
within the first two generations. Not included was possible
additional damage of the same magnitude to later
generations.

Variations due to gender and age were considered
insignificant, although the number of workers of
reproductive age was admittedly a fraction of the whole
population used to estimate the consequences of unit
genetically significant dose.

It appears as of the date of this writing that the ICRP
will publish revised recommendations in 1991 with new risk
coefficients based on the most recent Japanese A-bomb
survivor data and application of a dose and dose rate
effectiveness factor (Clarke, 1990; International Commission
on Radiological Protection, 1990)(Table 1, next page). For
workers, the new values for total and hereditary deteriment
are, respectively, 5.8 x 10"2 Sv"1 (6% per Sv) and 0.6 x 10"2

Sv" . This implies that the overall risk coefficient for
serious detriment to workers is 6.0/1,65, or 3.6-fold higher
than the estimates published in 1977. However, the
fractional contribution from hereditary detriment will be
about 0.6/6.0 or 10 %. Presumably the corresponding
weighting factor for hereditary effects in workers will be
decreased to 0.10 from 0.25.
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Table 1. Radiation risk coefficients of the ICRP for
workers (in units of 10*2 Sv"1) .

1977* 1991*

Fatal cancer 1.25 4

Hereditary effects 0.4 0.6

Non-fatal cancer - 1.2

Total 1.65 5.8

ICRP, 1977
+ ICRP, 1990

Derivation of the gonadal organ weighting factor of
0.25 (or 0.10) is straightforward, albeit arbitrary and
simplistic. The fundamental question concerns the validity
and numerical value of the risk coefficient, i.e., how
effective is radiation in causing discernible hereditary
effects?

ESTIMATES OF HUMAN GENETIC EFFECTS

Neither the authors of the BEIR V report (National
Research Council, 1990) or of the UNSCEAR report in 1986
(United Nations Scientific Committee on the Effects of
Atomic Radiation, 1986) saw fit to change substantially
their organizations' prior genetic risk estimates. Because
the risk coefficients are exceptionally low and the end
point conditions nonspecific (as regards causation by
radiation), diverse, and uncommon, extrapolation to effects
from low doses of radiation divided in time is of dubious
validity. Moreover, BEIR V generously reasons from data
derived from lower organisms: "The majority of new mutations
with detectable effects are harmful"; "The human data might
be biased too low for reasons that are not presently
understood"; and "...basing its risk estimates on the
approximate lower 95 % confidence limit for humans". In
addition, efforts to estimate doubling doses from the
Japanese data lead to values larger than those for animal
data (over 1 sievert), implying lower risks in humans
(National Research Council, 1990; Neel, 1990).

121



These problems are illustrated in Table 2, modified
from BEIR V (National Research Council, 1990). The
estimated extra genetic effects of an average population
exposure of 0.01 Sv (1 rem) per 30 year generation are
listed according to the type of disorder and based on the
assumption that the genetic doubling dose in humans is at
least 1 Sv. Superimposed on a total background prevalence
of about 47,000 cases, less than 50 extra cases per 0.01 Sv
(1 rem) per million persons per generation would be
predicted. Current technology simply cannot detect reliably
such a small increase.

Table 2. Estimated genetic effects of 0.01 Sv (1 rem) per
generation.

Cases per million liveborn offspring

Genetic disorder
category Natural prevalence Added cases per rem

Autosomal dominant 10,000 6-35

X-linked 400 0-1

Recessive 2,500 0-1

Chromosomal 4,400 0-6

Congenital anomalies 30,000 10

Modified from National Research Council, 1990

If the risk estimates for radiation carcinogenesis in
the bombed Japanese populations are used as the basis of
radiation dose limits for stochastic effects, it would seem
logical to look for hereditary effects in the same group.
Recently, Neel and coworkers (1990) studied the data
collected in Japan during the past 4 0 years and analyzed,
with the most up to date dosimetry, by the Genetics Program
of the Radiation Effects Research Foundation. They reported
finding no significant hereditary effects with respect to 8
indicators ( e.g., untoward pregnancy outcomes, frequency of
chromosomal changes, malignancies and altered sex ratios in
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the first generation, etc. ) conventionally used to identify
"genetic effects". For a single exposure they estimated an
acute doubling dose of 1.7-2.2 Sv, and, for chronic
exposure, 3.4-4.5 Sv, indicating again that humans are less
sensitive to genetic effects of radiation than assumed in
the recent past.

Thus, despite many years of study, no evidence for a
statistically significant excess of hereditary genetic
effects attributable to the high dose, high dose rate
exposures of the Japanese bombing victims has been found.

PRACTICAL IMPLICATIONS

In general, the kinds of occupational exposures to be
controlled by implementation of the new 10 CFR 20 are of
relatively much lower dose, of lower dose rate, and
protracted in time. Hence, the occurrence of transmissible
genetic effects due to workplace radiation must be even less
common.

Science generally operates experimentally using the
null hypothesis: if there is no discernible effect, the
independent variable (radiation) is taken to have no effect.
Other variables are then studied or new technology applied
to the same experimental question. For genetic effects of
radiation in humans, the null hypothesis has been verified
repeatedly.

A second difficulty with the ICRP-26 formulation is
assignment of detriment, i.e., death, disability, suffering,
and life shortening both now and far into the future.
Whereas the Commission acknowledged the problem, the risk
coefficients do not, I believe, reflect rapid progress in
prenatal diagnosis, genetic counselling, and treatment of
both congenital anomalies and disorders due to specific
chromosome defects.

What of an occupational exposure to the lower groin
area of a male worker resulting in a dose of 0.4 Gy (40
rads) to the testes, bone of the leg, muscles, leg and skin
above the knee? Because of the 0.25 weighting factor, the
absorbed dose due to the exposure will lead to a weighted
dose equivalent of over 0.1 Sv (10 rems). In contrast, if
the weighting factor were zero (or 0.06, as for "other"
organs), then the weighted dose equivalent, considering the
partial exposure of organs other than the gonads, might not
exceed the annual limit. Would administrative procedures
require that the worker be removed from his work in
restricted areas? Will the removal be for five years, as
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proposed by the new ICRP suggestions ?

This might be called an extreme situation.
Nonetheless, an important test of any mathematical model is
its durability when interrogated by numerical values within
the limits (here, radiation doses) proposed to be governed
by the system (of dose limitation).

Fortunately, no internally deposited radioisotope or
radiopnarmaceutical has thus far been shown to have highly
selective localization in the gonads. The hypothetical
event cited could occur only from machine-produced or highly
collimated photons.

Examination of the risk coefficients for the proposed
10 CFR 2 0 indicates a numerical value for "serious
hereditary effects" (not proven to occur) that is twice that
for red bone marrow, i.e., leukemia (definitely shown to
occur). Is it wise to codify such a contradiction? Isn't
it naive to believe that it will not come back to haunt our
professional activities?

Regardless of their original intent, the risk
coefficients published in 10 CFR 20 will be applied
inevitably to very large populations, yielding substantial
numbers that will be presented to the public (and acted
upon) as fact. Should professional health physicists permit
this to happen? Is this predictable scenario in the best
interest of the public's overall health?

PHILOSOPHICAL ISSUES

In the absence of logical development of a scientific
rationale for assigning risk coefficients to unproven
putative hereditary risks, legitimate questions about the
philosophical or political background for such actions are
appropriate. Is it really "conservative" to assign
numerical values for a human detriment that has not been
observed under circumstances in which other radiation
effects, i.e., cancer, have occurred without question? Is
it really correct to state, "Because genetic effects have
been observed in mice, they must occur in humans?"
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If one purpose of activities implementing the
regulations is to limit the risk of genetic or hereditary
effects (National Council on Radiation Protection and
Measurements, 1987; United States Nuclear Regulatory
Commission, 1986; International Commission on Radiological
Protection, 1977), by what means is the value of the
activities to be measured?

There may be undesirable risks associated with
governmentally sanctioned risk-aversive activities. Have
the many implications of widespread and deep seated fear
engendered by the phrase, "genetic effects of radiation",
been evaluated by those who write the regulations? In the
aftermath of the Chernobyl accident, how many women had
pregnancies inappropriately terminated or delayed because of
fear of the effects of radiation? It is possible that a
full analysis of the downside of having any heritable
detriment associated with radiation exposures has not been
made.

Given the proposed occupational limits aimed at
minimizing risks of late cancer, it would seem that no
gonadal limit (and no weighting factor contributing to
detriment) for heritable genetic effects is necessary.
Acknowledgement of this, together with judicious reeducation
of health professionals, politicians, media, and the public
would move radiation protection efforts toward more
cost-effective and authentically worthwhile activities.
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