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Since 1946 a continuing program investigating the potential
genetic effects of the atomic bombs detonated over Hiroshima and
Nagasaki has been in effect. This is a joint United States-Japan
program, the U.S. side under the aegis of the National Academy of
Sciences, funded by the Department of Energy, the Japanese side under
the Ministry of Health and Welfare. Over the years, the program has
involved studying the children of survivors receiving increased
radiation at the time of the bombings and the children of non-irradiated
controls with respect to the following indicators: congenital
malformation, sex ratio, viability at birth, survival of live-born
infants, physical development at various ages, occurrence of balanced
reciprocal chromosomal translocations and sex-chromosome aneuploids in
children over age 12, cancer with onset before age 20, and mutations
altering the electrophoretic mobility and physiological activity of a
series of 30 proteins. My associates and I have recently analyzed all
the accumulated data for a radiation effect, employing the revised
procedures for estimating gonadal radiation exposures which became
effective in 1986 (DS86) (cf. Neel et al. , in press). The basic
statistical procedure employed has been to obtain a linear regression of
indicator on the combined gonadal exposures of the parents.

There is no statistically significant regression of indicator on
dose for any of the indicators. In view of the large body of data on
the induction of mutations by ionizing radiation in a wide array of
plants and animals, we accept that some mutations were produced in the
survivors of the bombings. On the thesis that we are in an estimating
rather than hypothesis testing mode, we have elected to take the data at
face value and explore their implications for the genetic doubling dose
of radiation for humans. The genetic doubling dose is defined as the
amount of acute or chronic ionizing radiation which will have a
mutational impact on a population equivalent to the role of spontaneous
mutations each generation.



Table 1 summarizes the results of the various analyses. The term
UPO refers to an "untoward pregnancy outcome," defined as a stillbirth
and/or congen tal defect and/or neonatal death. The regressions on dose
of the five indicators where such regressions can be derived are given
in columns 2 and 3. For UPOs, F-̂  mortality, and F-̂  cancer, only a
minority of the children affected can be attributed to spontaneous
mutation in the parental generation. The total incidence in the
controls, the estimated contribution from spontaneous parental mutation,
and the percent of the total the latter constitutes, are given in
columns 4, 5, and 6. For sex-chromosome aneuploids and protein
variants, the ntutntional contribution has been determined directly by
family studies. From these data, two kinds of doubling doses can be
derived, "minimal" and "probable." The minimal doubling dose for the
various indicators, at 99%, 95%, and 90% probability levels, are
presented in the last three columns of Table 1. Inasmuch as the various
indicators are all essentially independent of one another but derived
from the same study population, both the regression and the mutational
contributions to the indicators can be combined additively to yield an
estimate of the probable doubling dose. The calculation of a doubling
dose by this approach is shown in Table 2. The division of the summed
contributions of spontaneous parental mutation (.00632-.00835) by the
summed regressions (.00375) yields an estimate of 1.7-2.2 Sv. (The
range indicates the uncertainty in the estimate of the parental
mutational contribution to the indicator but does not include the
considerable statistical error of estimate.) For technical reasons, the
data on sex-ratio, physical development, and reciprocal chromosomal
tre.nslocations do not enter into this calculation, but these indicators
also do not show an exposure effect.

Since most human radiation exposures are low level, chronic or
intermittent, low-LET in nature, it is important to develop a chronic
radiation equivalent for these findings. The average joint parental
gonad exposures for those receiving significant amounts of radiation are
. 4 - .5 Sv, depending on the particular study; the dose curve is highly
skewed to the right. Under these circumstances, we feel the appropriate
dose rate factor to be applied in extrapolating to the effect of chronic
radiation is 2. This leads to a doubling dose estimate for the chronic
irradiation of humans of between 3.4 and 4.5 Sv. The error to be
attached to this estimate is large but indeterminate, but the estimate
is based on conservative assumptions.

This estimate is at some variance with the estimates of the
genetic risks of human exposures to ionizing radiation which have
prevailed over the past 30 years on the basis of extrapolations from the
mouse paradigm. Thus, various national and international committees
have suggested that the doubling dose for acute ionizing radiation is
some .40 Gy, with limits of .10 to 1.0, and for chronic, between .5 and
2.5 Gy. We have recently completed a review of all the relevant
literature on mice (Neel & Lewis, in press). There are many
difficulties in comparing survival curves in the offspring of the



Table 1. An estimate of the genetic doubling doses that can be excluded at specified confidence

levels by these data.

Regression Observed Mutational Hutational Lower confidence limit (Sv)

Total Contribution Component 99% 95% 90%

Trait B S V a Background Background* (%, b r a)

(a) (b)

UPO 0.00264 0.03856 0.0502 0.0017 - 3.4 - 5.4 0.14 - 0.18 - 0.21 -

+0.00277 +0.00582 0.0027 0.23 0.29 0.33

F-L Mortality 0.00076 0.06346 0.0458 0.0016 - 3.5 - 5.7 0.51 - 0.68 - 0.81 -

±0.00154 +0.00181 0.0026 0.83 1.10 1.32

Fx Cancer -0.00008 0.00104 0.0012 0.00302 - 2.0 - 4.0 0.04 - 0.05 - 0.07 -

±0.00028 ±0.00033 0.00005 0.07 0.11 0.15

Sex-chromosome 0.00044 0.00252 0.0030

aneuploids ±0.00069 ±0.00043

0.0030 100 1.23 1.60 1.91

Protein -o.ooooi o.ooooi 0.000013 0.000013

variants ±0.00001 ±0.00001

100 0.99 2.27 7.41

*per diploid locus
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Table 2. Summary of regression of various indicators on parental

radiation exposure and of impact of spontaneous mutation on

indicator.

Regression/Combined Contribution of

Trait Parental Sv Spontaneous Mutation

UPO +.00264

Fj_ mortality +.00076 [ .0033-.0053

Protein mutations -.00001

Sex-chromosome aneuploids +.00044 .0030

FL cancer -.00008 .00002-.00005

.00375 .00632-.00835

polytocous mouse with those for humans. Furthermore, the contribution
of spontaneous mutation in the parental generation of mice to congenital
malformation and cancer in their offspring has not been elucidated, so
that estimates of the doubling dose cannot be based on these traits.
One is reduced to the use of specific phenotype-specific locus methods.
The findings from the eight studies of this type thus far published are
summarized in Table 3. The average of these estimates is 1.35 Gy.
Given the relatively large experimental doses employed in the mouse
experiments (usually 3.0, 6.0, or 10.0 Gy), it would be conservative to
use a dose rate factor of 3 for extrapolation to the effects of chronic
radiation. The resulting estimate is about 4.0 Gy -- again with a large
but indeterminate error. I suggest that the lower estimates of the past
stem particularly from reliance on the Russell 7-locus system, which
there is now reason to suspect is unusually sensitive to the mutagenic
effects of ionizing radiation.

The steps which might be taken to firm up the estimate on humans
will be discussed briefly.
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Table 3. A summary of the gametic doubling doses for acute, "high dose" radiation of spermatogonia

yielded by the various specific locus/specific phenotype systems developed in the

laboratory mouse.

1.

2.

3.

4.

5.

6.

7.

8.

System

Russell 7-locus

Dominant visibles

Dominant cataract

Skeletal

malformations

Histocompatibility

loci

Recessive lethals

Loci encoding

for proteins

Recessive visibles

Data summarized

in:

Searle, 1974

Ehling et al, 1965

Liining 4 Searle,

1974

Favor, 1989

Ehling, 1966

Bailey 4 Kohn,

1965

Sheridan & Wardell,

1968

Lyon, 1959; Lyon

et al, 1964

Lyon, 1959;

Searle, 1964

Neel & Lewis,

in press

Lyon et al, 1964

Doubling

Dose (Gy)

.44

.16

1.57

.26

>2.60

.5l\

)

• 8 0 > 1.77

I
4.00 j

.11

3.89

Calculated

by:

Neel & Lewis,

in press

Liining &

Searle, 1971

Neel & Lewis,

in press

Liining 4

Searle, 1971

Bailey 4 Kohn,

1965

Luning &

Searle, 1971

Bailey &

Kohn, 1965

Bailey &

Kohn, 1965

Neel & Lowis,

in press

Heel & Lewis,

in press

Origin of

treated males

101 x C3H

various

101/El X C3H/E1

101

C57BL/6JN

DBA

C3H/HeH x 101/H

CBA, C3H

various

C3H/HeH x 101/H

I

Av. 1.3 5


