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SUMMARY OF THE BEIR V COMMITTEE'S
ESTIMATES OF GENETIC RISKS
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ARGONNE, Illinois 60439, U.S.A.

The Committee on the Biological Effects of Ionizing Radiations
(BEIR V) of the Board on Radiation Effects Research, Commission on Life
Sciences, National Research Council - U.S. National Academy of Sciences,
was constituted in late 1986. The charge to the Committee was "to
conduct a comprehensive review of the biological effects of ionizing
radiations focusing on information that had been reported since the
conclusion of the BEIR III (1980) study, and to the extent that available
information permitted, provide new estimates of the risks of genetic and
somatic effects in humans due to low-level exposures of ionizing
radiation". In other words, the BEIR V Committee was expected to do more
than simply update, or give its stamp of approval to, those risk
estimates put forth by its predecessors. There were two prominent
reasons for the charge. One, the dosimetry of the two nuclear weapons
detonated in Japan in early August, 1945 had been revised with major
changes occurring in Hiroshima. Two, an additional ten or more years of
mortality data from the Japanese studies had become available. While the
importance of these points to the estimation of somatic risks is evident,
there was also significant additional data available from the genetic
studies. Therefore, this Committee placed more emphasis on the results
of those genetic studies than previous committees had done. We did,
however, carry out an extensive review of the data from animal studies in
order to provide as broad a basis as possible for our judgements.

The BEIR V Committee reviewed and incorporated into the report all
past and present genetic risk estimates and the methods of their
derivation. Of the two principal methods available, we preferred the
doubling-dose method over the so-called direct method. Neither method is
without considerable uncertainty, but the analysis of data from the
studies in Japan in conjunction with the data from animal studies led us
to prefer the doubling-dose method. The animal data provide a broad
range of doubling doses with a median value of 100 to 114 cGy for long-
term low-dose-rate exposure. These median values are lower than the
median from human studies, but they approximate the lower 95£ confidence
limit of the doubling dose estimated from human data. There appears to
be a real difference between humans and animals (read mice, because
nearly all information is from inbred mouse strains or their Fx hybrids),
with humans having the higher doubling dose. The BEIR V Committee
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believed that a doubling dose of 100 cGy would be a prudent value leading
to conservative estimates, that is, risk estimates that are probably on
the high side.

The estimated risks themselves are not remarkably different from
those generated by previous BEIR committees, the United nations
Scientific Committee, and other published estimates. This should come as
no surprise to those familiar with the problems of genetic risk analysis.
Everyone has to use the same data base, and any strikingly different
estimate cf risks would probably be put aside as "unsound". The
differences that do emerge reflect differences in emphasis and judgement,
and these do not involve major departures from present understandings of
mammalian genetics.

With respect to the spontaneous burden, which is subject to the
doubling dose, the BEIR V Committee has made one small departure from
others. We have proposed that a large number of small genetic factors
influence nearly all the major causes of morbidity and mortality in the
human population. In sum, we account for about 1.24 x 106 genetically
influenced events in a population of 1 x 10€. However, no estimate was
made of the contribution thai new mutations might have upon the vast
majority of these events. There is no reasonable basis to estimate
quantitatively the contribution of an increased mutation rate on the
1.2 x 106 zases of morbidity and/or mortality from cancer, heart disease,
or other major afflictions listed as part of the current incidence. The
risk estimates, therefore, reflect only those increases expected to occur
in dominant, recessive, sex-linked and chromosomal disorders, plus a
limited number of congenital abnormalities. Up to one half of the
induced genetic increment occurs as dominant genetic defects, initially
(first generations) in the category of clinically severe defects and
ultimately in the class of clinically mild defects. Congenital
abnormalities account for most of the remainder. The estimates given in
Table 2-1 of the report are shown in Slide 6.

The BEIR V Committee estimates that between 100 and 200 added
cases per million live born will be observed at genetic equilibrium if
the population is exposed each generation to a dose of 0.01 Sv (10 mSv or
1 rem). Nearly one half are attributed to the clinically mild dominant
defects and the balance to congenital abnormalities. The estimate range
of 100 to 200 encompasses the value of 115 recently given by UNSCEAR.
BEIR III estimated a range of 60 to 1100, but this wide range was due to
the assumptions: (1) that the mutation component for the 90 000
spontaneously occurring irregularly inherited defects was 5% to 50%; and
(2) that the doubling dose ranged between 50 and 250 rem. BEIR V assumed
a 5% to 35% component for no more than 30 000 abnormalities and a
doubling dose of 100 rem. We note, however, that the upper limit risk
estimate might be much greater than the values given if it were possible
to quantify the mutational component, no matter how small, of the
overwhelming number of degenerative and neoplastic diseases in the
population.



General Principles (inherited from BEIR-I)

• Use relevant data from all sources, but
emphasize human data when feasible.

• Use data from the lowest doses and dose
rates for which reliable data exist.

• Use simple linear extrapolation between the
lowest reliable dose data and the spontaneous rate.

• If cell stages differ in sensitivity, weight the
data in accordance with the duration of the stage.

• If the sexes differ in sensitivity, use the
unweighted average of data for the two sexes.
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Chapter 2, p69

— Attempts to estimate doubling doses from
data on Japanese survivors have consistently
led to values larger than those from animal
data.
— The data suggest a real difference, with \
the estimated lower 95% confidence limit of :

the human data approximating the median of
a large number of values obtained in mice.
— The committee has adopted what it considers
a prudent position in basing its risk estimates
on the approximate lower 95% confidence limit
for humans.
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~ The BEIR V committee believes that
the doubling dose in humans is not likely
to be smaller than the approximate 1 Sv
(100 rem) obtained from studies in mice.



Chapter 2. p71

The Doubling Dose Method

Induced burden = spontaneous burden x (doubling dose)'1

x mutation component x dose
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Estimated Spontaneous Burden (per 1000 live births)
(excerpts from Table 2-5, p 91)
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TABLE 2-1 Estimated Genetic Effects of 1 rem (0.01 Sv)
per generation

Added cases/106liveborn/rem/generation

Type of
disorder

Current
incidenca/IO" 1st generation Equilibrium

Dominant

Severe

Mild
X-linked

Recessive

Chromosomal

Unbal. x-loc.

Trisomies

Congen. abn.

Other

Heart

Cancer

Other

2500
7500

400
2500

600
3800

20,000-30.000

800.000^

300,000

300.000 ,

5-20

1-15

< 1

< 1

< 5

<1

10

no estimate

25 £

75

< 5

very slow increase

very little increase

<1

10-100

no estimate


