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SUMMARY

For the first time, dose estimates have been related
to small head circumference induced by exposure in
utero to the atomic bomb. There was a progressive
increase with dose in the frequency of the abnor-
mality among persons whose mothers were exposed
before the 18th week of pregnancy. In Hiroshima the
minimum dose-producing effect was 10-19rad, but in
Nagasaki no effect was observed under 150rad. At
maternal doses of 150rad or more in both cities,
small head circumference was often accompanied by
mental retardation. The observations at low doses
in Hiroshima are not directly applicable to medical
radiology because of the possible influence of
neutrons (nil in Nagasaki)and perhaps to interactions
with other environmental disturbances, more wide-
spread in Hiroshima than in Nagasaki.

INTRODUCTION

The only teratogenic effect of ionizing radiation
demonstrated to date in man has been small head
circumference, more severe and accompanied by
mental retardarion in proportion to the mother's
proximity to the hypocenter of the Hiroshima atomic
bomb.1-4 The effect was virtually limited to persons
exposed in utero 7-15 weeks since the mother’s last
menstrual period. The original (1954) atomic bomb
survivor study sample has been enlarged and a fixed
cohort of persons in utero at the time of the atomic
bombs (ATB) of Hiroshima and Nagasaki has been
established. Dose estimates have been determined
for almost the entire sample exposed in utero.

METHODS

ABCC has constructed a fixed sample cohort of
Hiroshima and Nagasaki children who were in utero
ATB. The sample consists of a group of persons
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proximally exposed (within 2000m) to the atomic
bomb matched by gestational age and sex with
groups of persons who were either distally exposed
(3000-4999m) or who were not in the cities (NIC)
ATB.?> Hereafter these last two groups will be
referred to as nonexposed controls. The children in
this sample were scheduled for yearly clinical
examinations from 1956 through 1965 on days close
to their 10th through 19th birthdays.

Gestarional age for each member of the sample was
calculated from the date of conception, as estimated
by subtracting 38 weeks from the child’s date of
birth and adjusting for pre- or post-maturity. Head
circumference was said to be small if on one or more
examinations it was at least 2 standard deviations
below the average for the age and sex of the subject
in each city, and was on all previous and subsequent
examinations at least 1 standard deviation below
the average. The average used for comparison was
obtained from the combined data for children in each
city who were in the nonexposed group (previous
reports showed no significant differences in head
circumference, between those distally exposed or
NIC). 67 Mental retardation was judged by clinical
examination and history,4 and was diagnosed only
if so severe that the subject was unable to perform
simple functions.

Individual radiarion dose estumates in rad were
calculated for almost all the pregnant women in this
study. The estimates were based on shielding
configurations as well as distance from the bomb. 8

RESULTS

Data were available on head circumference, intelli-
gence, and dosimetry for 388 children in Hiroshima
and 99 in Nagasaki in the proximal exposed group
of the sample cohort (Table 1). These totals were
derived after exclusion of 49 children in Hiroshima
(36 never examined, 11 with inadequate data for
dose estimates, and 2 with Down’s syndrome due to
chromosomal defect before exposure), and 1 in
Nagasaki (never examined).

The relationship of gestational age to small head
circumference with or without mental retardation is
shown in the Figure 1. The more abundant data for
Hiroshima revealed that the frequency of effects and
their severity, as shown by marked mental retarda-
tion, were greatest when exposure occurred between
3-17 weeks of gestation. Some effect beyond the
17th week was noted in both cities.

The data were examined to determine the lowest
radiation dose at which an effect on head circum-
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FIGURE 1 SMALL HEAD CIRCUMFERENCE AMONG PERSONS EXPOSED IN UTERO TO THE ATOMIC
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TABLE 1 FREQUENCY OF SMALL HEAD CIRCUMFERENCE ACCORDING TO CITY,
GESTATIONAL AGE AND RADIATION DOSE

Fl CNTEAEOHHE: i, SRR & & RS R E B

Gestational Age (weeks)

Dose Hiroshima * Nagasaki*
0-17 18+ 0-17 18+
NIC, distal - 31/764 - - 10/246
0-9 rad 4(1) /637 4/65% 0/1 /9
10-19 6(1)/54 0/44 07 0/6
20-29 6/24 1/14 0/5 27
30-39 4/8 0/10 2/4 0/6
40.49 3/11 0/6 0/6 0/3
50-99 9(2)/20 2/24 0/9 0/11
100-149 2/4 0/10 0/2 1/5
150 + 5(5)/13 1(1)/8% 8(3)/9 2(1)/9
Unknown 1/7 0/3 /0 0/0
Total (in city) 40(9)/203 8(1)/185 10(3)/43 5(1)/56

* Among persons with small head circumference some also had mental retardation
(numbers given in parentheses).

ERFEAE B s N A BECHEBERE SIS LA L (T2 ZH).
+ Denominator includes one person with mental retardation and normal head circumference.
SRR B NTRAE B b RO LR AEEhTn S,



ference was detectable in the under-18-week gesta-
tional age period, the period of greatest suscep-
tibility.  The percentages of persons with small
heads in the several dose groups were compared with
the percentages of persons with small heads in the

nonexposed control group.

The Hiroshima data showed significant (P<.05)
excess in the group whose mothers received 10-19rad.
The prevalence of small head size generally became
greater as dose increased: 37 women received
S0rad or more before the 18th week of pregnancy;
16 gave birth to children with small head circum-
ferences. In the group that received 150+rad, all
five children with small head circumference had
mental retardation. Forty two women were exposed
to 50+rad after the 17th week of pregnancy; three
bore children with small head circumference, one
(in the 150+ dose group) was mentally retarded.

In Nagasaki the effect of low doses on head circum-
ference was seen only in two of four persons in the
30-39rad dose group. Nine women were exposed to
150+ rad before the 18th week; eight bore children
with small head circumferences of whom three had
mental retardation. Among the nine children exposed
to this high dose later in pregnancy, two had small
head size, one with mental retardation.

Height during adolescence was less than usual
among those exposed in utero within 1500 m from the
hypocenters.®.7 Hence, accompanying smaller head
circumference at high doses was small stature.
Stature in our study was said to be *‘small’’ if on
one or more examinations it was at least 2 standard
deviations below the average for the age and sex of
the patient in each city.

To examine the relation between small head circum-
ference and small height at low doses, the
percentages of children with small height according
to gestational age and dose are listed in Table 2.
While a significantly greater frequency in small
head size was noted at doses as low as 10-19rad in
Hiroshima and continued to hold for all higher dose
groups, only for doses in excess of 150rad was the
frequency of small stature significantly increased.
Of the 18 persons with small stature exposed before
18 weeks’ gestation in the two cities, 14 had small
head circumference of whom 10 were mentally
retarded. At high dosage (150+rad) seven of eight
children had small head circumference, with six
also mentally retarded.

DISCUSSION

Intrauterine radiation exposure induced small head
circumference at very low doses—the lowest yet
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TABLE 2 FREQUENCY OF SMALL HEIGHT ACCORDING TO CITY, GESTATIONAL AGE
AND RADIATION DOSE

#2 BEOBECLOOBE: §i, EEMRS & 0RO SR

Gestational Age (weeks)

Dose Hiroshima Nagasaki
<18 18+ <18 18+
NIC, distal - 37176 - - 16/246
0-9rad 5/66 1/65 0/1 0/9
10-19 2/56 1/45 0/7 0/6
20-29 1/26 1/14 0/5 17
30-39 0/10 011 0/4 1/6
40-49 0/12 0/6 0/6 0/3
50-99 2/20 0/24 0/9 0/11
100-149 /4 1/10 0/2 /5
150 4 5/13 0/8 3/9 1/9
Unknown 0/7 0/3 0/0 0/0
Total 15/214 4/186 3/43 3/56
known to produce a grossly detectable effect in man. AL 5T ROVBTHD. L,I_\'Q.Tl-i'ﬁmﬁi‘lo_lq rad @

The abnormality was found in excess among children O T AETE, 207kt l@; A
whose mothers received as little as 10-19rad in

: ! BEABED SN2, R E 2 GERY 208, B
Hiroshima. The dose to the fetus or embryo may be R e g A G A |- [l
still less, because to some extent the mother’s body  * feas 5 Frzia ‘ﬁfﬁ w5 CheR et

shielded the child. The effect may have been DEHECTHS G, L EH O AR & o
escaped if by good fortune the mother’s pelvis came lzd > -Baiit, BEizhshtwnadnsrslh
between the fetus and the radiartion. i,

The main stimulus to skull growth is brain growth.

i . HETONERIZHT 200 3 65, EEL L0
Radiation apparently causes general cell depletion

of the developing brain, with secondary small head RTHS. BARIZREE D OB LT —RIZHll o 8
circumference. When depletion is great enough, LELLESL, ZRMIZDHEEFEZAOTH A,
mental retardation occurs.?°1l  With less depletion ﬂ'k” AUV ST HGEEE AT Z 5.0 Mo
intelligence is within normal range, but may be LAEL RS, MEEEIERGEAN CEE A, L L#

reduced as compared with the child’s full potential
had he not been irradiated. [t appears therefore

ML T WTRAEICKE L 28B4 s g hiE, maE
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AT LHEOEBFHZ 2028 Lk,

that even small intrauterine exposures may deprive
the individual of some intelligence.

Because the sample was defined as of age 10 years, HEHLIOERENEL L > TRESNLOT, ZOH
statistical evaluation of head circumference could BELINT IR L 2 E A0 oo FEB LG Ic R E 2 1
not be made for children who died or were examined HFilZowTl, BT oSN ET429 =

only before this age. Six persons in the proximal
exposed sample were examined prior to age 10 bur
not subsequently.? The mothers of two received
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doses of over 150rad before the 18th week of Ve 2 AD BB AERISELIN - 150 rad L Lo B
gestation. Both children had small head size and & "-'1"\': T, A RO AL N & £ URIRER I A
were mentally retarded. Nine other persons not in b sz, F0iEs, BEEREE2000m .?Eilfﬂi‘(“ﬂu'V\J?ﬁﬂ.-\‘? I
our fixed cohort but believed to have been within EHEOM (MEEMCEE S ) 202108 kST
2000m ATB were examined prior to age 10 and had “,ﬁ BA A, RO EE A LM L AL WER1I0E O
mat{:‘mal radiation doses esumated.. Only one 412 150 rad Ll Fo @it 4 2 A2 bFr LETH -
received more than 150rad (at gestational age 10  HE DT HE R L B 5 B, T
weeks). The child was mentally retarded with small AT DRI IS R R RUE S8 6 2. i
head circumference. Inclusion of these cases, not SOMEGH S LiE, Hure %'ﬁ‘i[—:.‘;: R 15 T T 3 T
feasible in the statistical procedure used, would Thd-kd, LLEONESHREORESY - F 6l
have accentuated the high dose effect. HLE=THAHI.



Head circumference and height were very signifi-
cantly correlated in the nonexposed group. Hence
among the exposed group smaller height would alseo
be expected with smaller head circumference.
However, the occurrence of exceptionally small
height (less than 2 standard deviations of the mean)
failed to accompany small head circumference
except at such high doses (150+rad) that nearly all
of those with small height were mentally retarded.

In Nagasaki no effect on head circumference was
consistently seen at doses of less than 150+rad.
Similar unexplained differences berween the cities
in radiation effects have also been observed with
respect to leukemial2 and other cancer.13 [n each
instance progressive increases beginning at low
doses were observed in Hiroshima, but in Nagasaki
an effect occurred only among the heavily exposed.

The quality of radiation differed in the two cities.
At 10-49rad, fission neutrons accounted for more
than one fifth of the rotal (gamma +neutron) radiation
in Hiroshima, but only a negligible percent in
Nagasaki.8 Attenuation of neutrons by the mother’s
body would be even greater than for gamma radiation.
If the difference in effect on head size in the two
cities were due to neutrons, their relative biological
effectiveness (RBE) would have to be substantially
greater than that of gamma rays (RBE=1). In any
event, because a neutron influence cannot be
excluded, the low-dose effects in Hiroshima may
not be directly applicable to medical x-irradiation.

Although circumstances other than radiation exposure
may impair brain growth (e.g., malnutrition or severe
illness during early infancy) ' the general
increase in small head circumference according to
increasing dose in Hiroshima indicates that the
effect was due to radiation. Radiation dose fell to
nil at about 2000 m in Hiroshima (3000 m in Nagasaki)
whereas the thermal and mechanical effects of the
blast extended to about 4000m.l6 Because
Hiroshima 1is located on flat land, the area of
destruction extended in all directions, whereas in
Nagasaki it was localized to one of several valleys
that the city comprises. Nutritional and economic
deprivation in Hiroshima was consequently more
extensive than in Nagasaki. Thus, though small
head circumference in Hiroshima may be attributed
to low-dose radiation exposure, it is not known
whether the effect would have been as great in the
absence of other severe environmental disturbance.
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