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ANOMALIES OCCURRING IN CHILDREN EXPOSED IN UTERO
TO THE ATOMIC BOMB IN HIROSHIMA

LETCRETIEABRBRECRRALLER

GEORGE PLUMMER, M. D.

The development of congenital anomalies in the
fetus following therapeutic x-ray radiation to the
gravid maternal pelvis has been well known for
many years.! The present report is concerned with
the occurrence of congenital anomalies in a group
of infants exposed during the first 20 weeks of
gestation to the radiation from the atomic bomb
exploded in Hiroshima, Japan, on August 6, 1945.

MATERIALS AND METHODS i

Children born belween January 1, 1946 and May
1, 1946, of mothers who had been within the city
limits of Hiroshima at the time of the atomic bomb
explosion and still surviving at 4 15 years of age
were designated for this study. This span of birth
dates was chosen to obtain information on all children
who had been in the first trimester of intra-
uterine life at the time of the atomic bomb blast.
A total of 205 such children were discovered and

studied in the summer and autumn of 1950.

A history was obtained on each mother and child
by a Japanese physician, Information on the mother
included history of injuries and burns at the time
of the atomic explosion; symptoms occurring after
the blast which are suggestive of radiation illness
(epilation, purpura, fever, vomiting, diarrhea,
gingival bleeding and oropharyngeal lesions); termi—
nation of previous pregnancies and occurrence of
anomalies, including specific information regarding
the course and termination of the pregnancy under
investigation; location of the mother with regard
to distance and direction from the hypocenter of
the atomic bomb.
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A routine pediatric history obtained on each infant
included family history, birth, neonatal, nutrition,
growth and development and system review infor—
mation. A complete physical examination was made
by an American pediatrician at the Atomic Bomb
Casualty Commission (ABCC) clinic when the
child was 4 14 years of age, Anthropometric data,
including height, weight and head circumference
were obtained, together with an estimation of
mental development made by a Japanese physician;
also laboratory studies, including complete blood
count, urinalysis, serologic test for syphilis, stool
examination for parasites and chest roentgenogram.
No control children were studied at the time this
investigation was carried out; however, paired
controls have been selected since, and yearly
examinations of both groups are being performed.
The analyses and comparative results of these
subsequent examinations will be the subject of a

separate report.

-
.

RESULTS

Table 1 demonstrates the distribution of these
205 pregnant women by distance in meters from
the hypocenter of the atomic bomb explosion and
also lists the number of times various symptoms
were recorded at each distance. It is noteworthy
that only 11 (5% ) were within 1200 meters of the
hypocenter.

A history of burns, injury, epilation, purpura,
fever or gastrointestinal tract bleeding was recorded
101 times in 68 women; 20 of these women had
multiple symptoms. Injury accounted for 52 of the
101 symptoms, of which 33 were classified as slight,

It is the consensus of the members of the
Commission that the most reliable symptoms of
radiation effect obtained from histories are epilation
and purpura. In the present series, 8 women, all of
whom were within 1400 meters, gave a history of
epilation; 5, all of whom were within 1200 meters,
had purpura. It is apparent, therefore, that persons
within 1400 meters of the hypocenter have the
greatest likelihood of sustaining serious radiation
injury. The other physical factor which must be

considered is the amount of shielding, such as
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buildings, walls, fences and topography, which may BECHD, COEROBERIZOVGTIIEREIZFRR
protect the individual from the radioactive energy. 3,

This shielding factor will be discussed in more

detail later.

TABLE 1 DISTRIBUTION OF MOTHERS OF CHILDREN IN UTERO DURING
ATOMIC BOMBING BY DISTANCE FROM HYPOCENTER AND
SYMPTOMS OF RADIATION EFFECT AT EACH DISTANCE

# 1 KARERE0SEOELMSLOEENF s LTAEEC

B2 BMEESoER
No ; No. and Type of Symptoms at Each Distance
Distance in Meters from = ol ERF B SEROHIER L UHER
Hypocenter Women - il | GI Tract
BemooRR D lgrom KB | SR PR R | B | T
! ' ! = RB T
; . I J . = .
Under #3§ 1000 ‘ 4 2 2 4 3 ‘ 2 ‘ 1 14
1000~1199 7 ‘ 2 | 4 2 2 | 3 \ 1 14
1200~1399 I o8 2 ‘ 7 2 | 0 1 4 2 14
1400~1599 8 | .=0 [ 5 0 0 | 0 1 6
1600~1799 | 14 o| 5 0 0 | 0 2 7
1800~1999 | n 2| 3 0 0| 1 0 6
2000~2499 ‘ 41 5 16 0 0 | 3 2 26
2500~2999 | 24 2 4 0 o 0 0 6
3000 and over ‘ 80 1 6 0 0 0 : | 8
__BE ;
b g ‘ 205 16 2| 8 5 ‘ 10 10 101
68 women gave a history of 101 symptoms. 68D AIZI01OAERA > 72,

Congenital Anomalies. Table 2 lists the anomalies SERMEE A2 2k 205 BN AR ETIZRR
which were discovered in the course of examining LA dol L, % 2 o8aici i 288 0L
the 205 children and records the distance of the I OBMEATT Lies
mother from the hypocenter in each instance,

Microcephaly with mental retardation was the e b 4 e S NIEEA R L 2 <. OB

most frequent anomaly. This diagnosis was made
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exposed beyond 2500 meters had a normal head AEETHH, —HiX1200mEAH CHHE L. DIREES
size, whereas the one exposed within 1200 meters Hotz, LA S 1200m PO NEDBRSTH
had microcephaly. Seven out of 11 mothers within T ']‘ﬁﬁﬁﬁ.t[ﬁﬂﬁﬁﬁﬂ%ﬁ%ﬁ! +REA T
1200 meters of the hypocenter were delivered of LClo5, 1200m .t B 4 8EEAEC R L 7= 104 Biebviz

six times and all the cases were exposed within
1200 meters of the hypocenter. The two cases of

children diagnosed as having microcephaly and



mental retardation. This high incidence is unques-
tionably significant when it is contrasted to the
the 194 cases
than

absence of microcephaly among
who were exposed at distances greater
1200 meters,

PEDRVDIZHE~RSE, COERERIIELLL
{EETH3,

TABLE 2 CONGENITAL ANOMALIES FOUND AMONG 205 CHILDREN
EXPOSED TO ATOMIC BOMB BLAST WHILE IN UTERO

x® 2 205 B OEABEREICRER I ERERN
Anomaly | No. Distance of Mother from Hypocenter
3 W ' i BE OB B OB
Microcephaly with Mental Retardation 6 [ All under 1200 m
MaER 2 5 /NG i 2M1200mLLF
Mongolism | o One under 1200 m
EvITY XA 1200mELF 1%
One between 2500 and 3000 m
2500~3000m 1 %
Congenital Dislocation of Hips 4 One under 1000 m (also was microencephalic)
EXRERNEREA 000mLLF 1% (piETiHo712)
One between 1600 and 1800 m
| ) 1600—1800m 1 A
Two over 2500 m
' 2500mpEL L 2 4
Congenital Heart Disease 3 All questionable and all over 3000 m
EF DR | A LR <, i 43000mELL
Hydrocele 2 | Both over 2000 m
|55 . 9,8 | % & $2000mEl
Funnel Chest 1 Between 1200 and 1400 m
T S ] 1200~1400m
Calcaneo Valgus 1 Over 3000 m
b 3000mpl |-
Deformed Iris 1 Between 1600-1800 m
ILEDEE 1600~1800m
Deformed Ear (hereditary) 1 | Over 3000 m
RO#TE GRER) p 3000mELE
Congenital Strabismus 1 Over 3000 m
VENETEE!) 3000m Bl k-
Congenital Glaucoma | 1 Over 2000 m
R AN 2000m L |-
Partial Albinism 1 1600 m
S I=1 2 | ]
Total A & | 24

Microcephaly is the only congenital defect with
the
mother from the hypocenter. The other anomalies

demonstrable correlation with distance of

were widely scattered as to distance from the
hypocenter, and the incidences of the individual
anomalies were similar to those found in studies
on other populations in Japan. There was no cor-
relation demonstrable between any of the anomalies
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and such factors as mother's age, birth order, or
week of gestation at the time of A-bombing.

Cases Exposed within 1200 Meters. Table 3 lists
the pertinent data on each of the 11 cases who were
exposed within 1200 meters. The distances of these
cases from the hypocenter are well scattered
between 720 and 1190 meters. The mothers’ ages
ranged between 23 and 43 years; 3 were over 36
years. The distributions of the mothers’ ages in the
total series of 205 mothers showed that 75% were
within the age range of 21 to 36. The week of
gestation at the time of the atomic bomb blast is
noted for each case; 8§ of the 11 were in the third
and fourth lunar months. The distribution by time
of gestation of the 205 women revealed 63% of
them to be in the third and fourth lunar menths.
Sex distribution for the children in this group is
comparable to that for the total which was 104

males to 101 females.

-

The head circumference measurements on the 11
414 vyear old children contributed the most reveal-
ing data. The mean head circumference for 4 to
5 year old Japanese children found in tables pub-
lished by the Japanese Ministry of Welfare in 1951
is 50.241.64 cm for boys and 49.341.69 cm for
girls. Only 2 of these 11 children fell within 1
standard deviation of these means. One other child
had a head circumference within minus 3 standard
deviations of these means. All the rest had head sizes
at 414 years which are below the Japanese mean
circumferences of 4741.83 c¢cm for boys and 46.1
+1.63 cm for girls at one year of age. The mean
head circumference for 171 of the 205 children is
48.6+1.3 cm, These 171 include all who had head
circumferences measured except those whose
measurements were below 45cm; all with circum—
ferences smaller than 45cm were within 1200

meters of the hypocenter.

The three children with normal head circum—
ferences in this group merit some discussion with
respect to the mothers’ radiation symptoms and
to the shielding afforded the mother by virtue of
her location at the time of the atomic blast. Case
39, as presented in Table 3, was standing 950

meters from the hypocenter and was partially

BEA B s & ORR LI 2HIMBIRILIEY T & sl
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OFFEOEBRS i B 5 £ 75%1121~367F £ TORM
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DLTERE A, NAH 8 RIREW 3 2 A /42
1A Thot. —H, SEE 205 HORBADER
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mATH-. SONOENI ML ERZ WS
AB104i25 L TI1010MEIsE LTV 5,
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RLFEFLEN o, 19851ERERNRT LI
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1.3em T, ZOITIARIRIGEN S 45emELFTH - 72
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3

shielded by a concrete wall 4 meters high which
was 13 meters from her position. However, by a geo—
metric reconstruction showing the mother’s position,
the location and height of the wall, the location and
height of the bomb blast, it is evident that the wall
afforded no shielding whatever. This is borne out
by the fact that she experienced 75% epilation and
purpura following the bomb explosion. There is a
possible explanation of the normal head size and
development of this child: his mother was in the
sixth week of gestation at the time of exposure, an
earlier period in pregnancy than the other women
in this heavily-irradiated group. Hicks® has
demonstrated a critical period in gestation for the
production of nervous system defects by radioactive
materials in fetal rats. He found that radiation of
the gravid rat during the first eight days of
pregnancy produced no nervous system malforma—
tion, whereas severe malformations were found
when the radioactive insult occurred on the nin't_h
and subsequent days of gestation. There isa
possibility that such a critical period exists for
humans and that the present case was exposed
prior to that stage of his development.

Case 147 was sitting at the engawa (narrow
platform which extends around the outside of
Japanese dwellings) at the far end of the house
from the hypocenter at a distance of 1180 meters.
The mother experienced some purpura but no
epilation. Her child’s development was normal
and the head size was low normal. The shiclding
in this case consisted of several (hicknesses of
wooden walls.

Case 182 was standing outside at a distance of
1190 meters, completely shielded by a concrete
building. She experienced neither epilation nor
purpura, and the child’s head size and development
were normal. The eight other mothers were either
outside with little shielding or inside in front of
open windows or protected by only a single door or

wall.

Case 115 is interesting in that his development
was apparently within normal limits in spite of an
unusually small head circumference (43.3 cm). The

mother of this child experienced neither epilation
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nor purpura, although she was standing in front
of an open window facing the blast at a distance
of 1120 meters.

DISCUSSION

The relationship between the occurrence of
microcephaly and x-irradiation during intrauterine
life has been recognized for many years. Murphy,!
however, probably was the first to focus sharp
attention on this phenomenon. He studied a group
75 children who had been irradiated while in utero
during the course of radium or roenigen ray
therapy to the mother’s pelvis. Sixteen microcephalic
children were found among this group of 75. Four
other children exhibited other central nervous
system defects. An additional eight children ex—
hibited other anomalies or disturbances of health,
which makes a total of 28 children out of 75 who
suffered defects attributable to irradiation during
fetal life. The dosages of roentgen ray were not
known for this group, but one child with micro—
cephalic idiocy had been exposed to 4400 mg hours
of radium therapy while in mtero. The time of
treatment in pregnancy in Murphy's tables is
broken down to only "before 5 months” and
"after 5 months.” Two children with microcephaly
had been irradiated after five months; the other 14
were irradiated during the first half of gestation.

Hicks's investigation® on x-irradiated fetal rats
demonstrates a marked susceptibility of neuroblasts
to radioactive insult. He found, as mentioned above,
that no nervous svstem defects ocurred if the gravid
rat was irradiated with dosages up to 300 r the
first 8 days of its 21 day gestational period.
Irradiation of 150 r on the ninth and tenth days
produced anencephaly and encephaloceles; irradi-
ation on later days produced forebrain defects;
and irradiation late in gestation and early in the
newborn period produced cerebellar defects. Hicks's
explanation of the absence of effect of irradiation
during the first eight days is that during this
period the rat’s central nervous system is composed
of radioresistant primitive neurcectoderm and
that differentiation of the neurcectoderm and pro—
liferation of radiosensitive neuroblasts does not
occur until the ninth day of fetal life.
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The results of the present study demonstrate that
a fetus in utero may receive sufficient radioactive
radiation from an atomic bomb explosion to produce
central nervous system defects if the mother is
within approximately 1200 meters of the explosion
and is not well shielded. The only shielding in the
present study which apparently was effective in
protecting against irradiation was concrete. Single
wooden and mud walls were not effective shields.
The problems of radioactive back-scatter and
residual radiation do not appear relevant to the
discussion in the present study. The role of
individual biologic resistance to radiation could not

be determined from this study.

The relationship of period of gestation to sus—
ceptibility of the developing human central nervous
system to irradiation is not clearly defined by this
study, although in the only instance in the heavily-
irradiated group with epilation and purpura where
the gestation period was as short as six weeks, no
defect was discernible in the child. This sugéc:“:ts
the possibility that the nervous system of the human
may be resistant to radioactive material in its early
stages of development, but no conclusions can be

based on one case.

COMMENT

The design of this study was such that the source
of material was limited to children exposed during
the first half of intra-uterine life to the atomic bomb
blast who were still surviving at 414 vears of age.
This method obviously leaves large gaps in a
complete study of the effect of irradiation on
pregnancy. The cases omitted by virtue of this design
are those which resulted in abortions, stillbirths and
neonatal and infantile deaths. The probability is
great that some heavily irradiated fetuses in utero
were so severely damaged that death occurred
either prior to term or during early postnatal life.
Another group of cases missed by this study is
that in which exposure to the atomic bomb blast
occurred during the latter part of intra-uterine life.
It is evident from Murphy’s work?® and from Hicks's
animal studies® that central nervous system dama—
ges can occur following irradiation during later in

utero existence. A study designed to include the
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above groups of cases should have as its source of
material all pregnant women who were exposed
to the atomic bomb blast.*

SUMMARY AND CONCLUSIONS

A study was carried out on 205 415 year old
children who had been exposed to the atomic bomb
blast during the first hall of intra-uterine life,
Eleven were exposed within 1200 meters of the bomb
hypocenler, and the remaining 191 were bevond
this distance.

Seven of thes- 11 children exposed within 1200
meters had microcephaly with mental retardation.
This diagnosis was not made on any of the 194
children exposed at greater distances.

Correlation between head size and mental
development of the child with distance from the
hypocenter, symploms of radiation effects Tind

type of shielding of the mother is discussed.

The conclusion drawn from the present study is
that central nervous system defects can be produced
in the fetus by atomic bomb radiation, provided
that exposure occurs within approximately 1200
meters of the hypocenter and that no effective
shielding, such as concrete. protects the fetus from

direct irradiation.®*

* A study designed in this way has been carried out in Nagasaki by the Atomic Bomb Casualty
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Commission and the results are presently being analyzed.
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*%[t is impossible to publish accurate radiation dosage data for the exposed mothers because this is
restricted material. Obviously the dosage range must have been high to produce epilation and
purpuric phenomena.—Committee on Atomic Bomb Casualties, National Academy of Sciences.
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