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SUMMARY

Male mice exposed to a heavy dose of ionizing
radiation in fetal life have been found to be sterile.
This study was made to ascertain whether or not a
single radiation exposure produces sterility in
human males as in animal experimentation.

The male offspring of 61 women who received 100 rad
or more radiation during pregnancy as well as male
survivors exposed to the atomic bomb before 15
years of age were followed, and their marital and
reproductive histories studied. These data show no
evidence of total sterility in adulthood of males
exposed to ionizing radiation in utero or in the
prepubertal period.

INTRODUCTION

Sterility has been observed among male mice
exposed during fetal life to ionizing radiation. This
effect has been observed after exposures of less
than 200 R, and total sterility (all irradiated animals
incapable of reproduction) has occurred after doses
of 600 R or more. 14

The persons exposed in utero to the atomic bomb in
Hiroshima and Nagasaki in 1945 have now reached
the child-bearing age. Although the number that
have married and produced children is as yet
relatively small, a determination can be made as to
whether or not 100% sterility has been produced in
human males as in animal experimentation. In
making this evaluation, the occurrence of sterility
following heavy exposures to the A-bomb of prepu-
bertal males (under 15 years of age) was studied
at the same time,
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METHODS

ABCC has constructed several fixed sample cohorts
which permit to be made
heavily exposed and nonexposed persons. Dose
estimates in rad have been made on virtually all
members of the two fixed cohorts used in this study.>
One of the JNIH-ABCC In Utero
Mortality Sample,® consists of all live-born children
of women who were within 1500 m from the hypocenter
at the time of the bomb (ATB). From this sample all
males whose mothers had received whole-body radi-
ation of 100rad or more (sum of gamma and neutron
doses) in Hiroshima and Nagasaki were selected for
study. From another fixed cohort, the JNIH-ABCC
Life Span Study, all males who were under 15 years
of age ATB and received a dose of 200rad or more
in Hiroshima were selected for study.

comparisons between

these cohorts,

These males
are now 26 years of age or older.

In Japan each family has a regisuy known as the
koseki, which is maintained at the family’s traditional
ward office. To that registry comes information on
vital events concerning each family member no matter
where in Japan the event occurs.’” The koseki of all
persons in this study were examined and the marital
and reproductive data extracted. In this way, all
married males with natural children were identified,
and information on sex and present age of these
children was obtained.

RESULTS

Sixty-one women received 100rad or more during
pregnancy and subsequently bore male children.
As of 1 March 1972, marriages of eighteen of these
males had been recorded in the koseki. However,
four of them were married less than 9 months -- too
recent to have had children. For the remaining 14,
the distribution of births according to dose interval
and the estimated gestational age at the time of

exposure of the mother is shown in Table 1.
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MARRIED MALES EXPOSED IN UTERO WHO SUBSEQUENTLY SIRED CHILDREN BY GESTATIONAL

AGE AT TIME OF EXPOSURE AND RADIATION DOSE TO MOTHER

HIROSHIMA AND NAGASAKI,

1 MARCH 1972

#1 THROLHEEL - RN ERY ‘E.H‘E% T, BRI RS T 0 BEER o i B o SRR £ R 1 &
FRRAILR, TRE - KW, 197243 H 1 HEAE
Gestational age in weeks
. Total
Dose —-18 19+

Married With children Married With children Married With children

100-199 rad 1 1 4 3 5 4

200-599 3 0 2 1 5 1

600+ 1 1 3 1 4 2

Total 5 2 9 b 14 7




Four of the males were very heavily exposed in
Their mothers had received 600rad or more
of ionizing radiation. Two of the four have fathered
at least one child. The two without children had been
married about 16 months. In the next lower dose-
category, 200-599 rad, one of five males had fathered
at least one child. Of the four married males without
issue, three of them had been married less than 14
months prior to the date of the survey. The other
married male had been married 26 months and was
23 years of age.

utero.

Because the average time from date
of marriage to first live birth in Japan is about
20 months,® some of the childless marriages in this
population will probably turn out to be fertile in the
near future.

The radiation doses cited for in utero exposures are
maternal doses. Shielding of the mother’s boedy or
of the fetus by the mother’s pelvis may have reduced
the actual feral doses, more so for neutrons than for
gamma radiation. available data suggest
that these fetal exposures were substantial. It is
sparse though they may be,
that at very high doses total sterility is not produced
in human males exposed in utero as it is in experi-

However,

clear from these data,

mental animals.
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TABLE 2 CHILDREN BORN TO MALE SURVIVORS EXPOSED TO 200+ RAD BEFORE 15 YEARS
OF AGE BY AGE ATB AND RADIATION DOSE: HIROSHIMA, 1 MARCH 1972
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Mumber of children
Married  With children
0 1 2 3 4 5+

Ape ATB

-9 11 o T 4 1 32 21

10-14 10 4 17 5 36 26
Dose
2010-299 rad 11 6 8 3 1 29 18
300-399 3 4 4 3 14 11
400-499 1 1 7 9 8
500+ 6§ 2 5 3
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With respect to prepubertal males exposed to ionizing
radiation as contrasted with in utero exposures,
Table 2 shows no evidence of total sterility at very
high doses. Of the 68 married male survivors who
had been exposed to 200rad or more ATB, 47 had
In all, there were 92 children
born to this group where the male partner had been
exposed to 200rad or more whole-body radiation.
In the group exposed to 600rad or more, there were
21 offspring.

one or more children.
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DISCUSSION

Because the dose estimates were made on the
basis of retrospective inquiry of distance-shielding
configurations and acute radiation symptoms, they
are inaccurate to an unknown extent because of
failure to recall past events accurately. Also,
they are probably influenced to some degree by the
intervening enactment of legislation which provided
benefits to certain categories of survivors.

It is difficult to assess the quality of the exposure
data. For the in utero group, the dose estimate was
300rad or more in 13 instances. Because detailed
shielding history was not sought specifically for
pregnant females, an assessment of shielding
information was not made. However, in all cases of
exposure to doses 300rad or more, the exposure
distance was less than 1000m from the hypocenter
and the subject was reported to be either out in the
open or in a Japanese type house. For the 39 male
survivors under 15 years ATB who were exposed to
300rad or more, the exposure information was
rated "‘good’’ by field investigators in 17 instances.

If the data on location ATB and shielding history
are not too inaccurate, and there seems to be no
reason to suspect that they are, there is little
question that: (1) the maternal, and therefore the
fetal, doses were very high, and (2) there are enough
cases rated ‘‘good”’ in the high exposure groups
among prepubertal males to suggest that the radiation
exposure was substantial for these male survivors.

It is not possible to determine the precision of
exposure estimates for an event of the past. However,
to refute the hypothesis that high doses of radiation
to the male fetus will cause total sterility in
adulthood, one needs to show only a single exception;
the experience in Hiroshima and Nagasaki appears
to show several. Also, data for males exposed
prepubertally do not give any indication of total
sterility in adulthood.

More precise estimates of the frequency of sterility
in the heavily exposed as compared with lightly or
nonexposed groups must await the accumulation of
more data. Until that time, the possibility cannot
be excluded that a short interval of increased
radiosensitivity was missed in the small sample
under study. Indeed, in mice the time of greatest

sensitivity appears to be about 18 days of gestation.3
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