


EDITOR’S NOTE
MEEOEIE

The ABCC Bilingual Technical Report series began in 1959. In
order that manuscripts which have never been published or are
available only in one language may be made a matter of record
for reference purposes, the 1959 series is being kept open
and items will be added from time to time.
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The ABCC Technical HReports provide a focal reference for the work of the Atomic Bomb
Casualty Commission. They provide the authorized bilingual statements required to
meet the needs of both Japanese and American components of the staff, consultants,
advisory councils, and affiliated governmental and private organizations. The reports
are designed to facilitate discussion of work in progress preparatory to publicatlon,
to record the results of studies of limited interest unsuitable for publication, to
furnish data of general reference value, and to register the finished work of the
Commission. As they are not for bibliographie reference, coples of Technieal Reports
are numbered and distribution is limited to the staff of the Commission and to allied
scientifie groups.
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DELAYED EFFECTS OCCURRING WITHIN THE FIRST DECADE
AFTER EXPOSURE OF YOUNG INDIVIDUALS TO THE
HIROSHIMA ATOMIC BOMB

EREEROBRNONEMCEBOEERBEEEC
EZHo ML EREEE

ROBERT W. MILLER, M. D.

The late effects of a single whole-body ex—
posure to external ionizing radiation of various
dosages have been partially determined for
experimental animals. Little is known of the
sénsitivity of human beings to such exposure.
Only in Hiroshima and Nagasaki is it possible
to study annually large numbers of individuals
of all ages who have been so exposed.

Laboratory experimentation and experience
from the field of radiation therapy have
indicated that rapidly growing, relatively
undifferentiated tissues are often more suscep-
tible than others to the effects of ionizing
radiation., Experimental work suggests that
the susceptibility of animals exposed early in
life to the effects of this physical agent may
be greater than that of mature animals.! The
Pediatric Department of the Atomic Bomb
Casualty Commission (ABCC) is attempting to
define these effects for the human being exposed
to the atomic bomb during infancy, childhood,
or intra-uterine life.

The search for specific late effects is also
guided by the results of animal experimentation
and by the inadvertent overexposure of human
beings to roentgen rays. A radiation-induced
Iymphoma similar to leukemia has repeatedly
been produced in mice.? Radiologistis develop
leukemia 9 times more often than do other
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physicians.™® Pancytopenia has been found as
a late effect of exposure of guinea pigs to
roentgen rays.® Cataracts have similarly oc—
curred in animals and man.” Radiation—induced
genetic mutations have been conclusively demon-
strated in the fruit fly® and in the mouse.®
Embryologic effects of this physical agent are
well established.'"* Skull defects have been
produced in rats. The births of microcephalic,
mentally-retarded children have resulted from
the accidental overexposure of women in the
first half of pregnancy to roentgen radiation
given as treatment for pelvic diseases.’ Among
other possible effects described by investigators
engaged in animal experimentation are retarded
bone growth, defective dentition,” and prema-
ture aging.®' ' [In addition to lymphomas,
radiation-induced tumors of many organs have
been observed in experimental animals.”* These
include tumors of the lung, ovary, t':terus.
mammary gland,*'* skin, bone,'* pituitary,'* and
fetal brain.™

PREVIOUS STUDY OF THE ABCC

Hematologic Effects

According to the work of Snell,” Yamasowa,®
Folley and his co-workers,*” and Lange and his
associates,” the only hematologic disorder found
at the ABCC which is seemingly related to
exposure to the atomic bomb is leukemia.
Hematologic surveys by Moloney and Lange®®
have provided the opportunity of studying the
peripheral blood before as well as after devel-
opment of leukemia and of seeking the earliest
hematologic change indicative of the ailment.
Moloney and Kastenbaum?® have shown that
there is no measurable effect of age or sex
on the incidence of leukemia among survivors,
but the incidence increases as the distance
from the hypocenter (the point directly under
the atomic bomb at the time of detonation)
decreases. The effect of proximity to the
hypocenter is more marked among those who
suffered severe acute radiation sickness.

Genetic Effects
Extensive genetic studies to date have
revealed no radiation effect on the children of
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individuals exposed to the atomic bomb.” These
observations, which are based on data obtained
from the examination of 72,107 children, concern
only the first generation.

Embryologic Effects

Yamazaki and his associates® have reported
that exposure of the embryo or fetus may be
fatal. Plummer® and Sutow® have presented
the results of studies of some of the survivors
who were in utere at the time of exposure
to the atomic bomb. In Hiroshima 10 had
microcephaly with mental retardation. There
were 2 such patients in Nagasaki. In Hiroshima
there were 2 patients with microcephaly, but
with normal intelligence.

Cataracls

Cogan and his associates’” and Kimura and
Ikui’* have described 9 patients from Hiroshima
and 1 from Nagasaki with probable radiation:
induced cataracts. There are 4 additional
patients in Hiroshima with lenticular changes
suggestive of a causal relationship to the
radiation exposure. Three of the former patients
and 2 of those with the suggestive changes
were between 13 and 16 years of age at the
time of exposure. Of the 27 patients less than
12 years of age in the study of Cogan and his
co-workers, 24 were between 2 and 6 years of
age at the time of exposure from the bomb.
None of these had cataracts related to radiation

exposure.

On the other hand, Sinskey®® has reported that
the incidence of polychromatic granular plaques
on the posterior lens capsule of 164 patients
who suffered more than 90 per cent epilation is
8.5 times higher than that of an equal number
of nonexposed individuals. These abnormalities
were usually visualized only on slit-lamp exami-
nation. The patients studied were between 15
and 45 years of age at the time of exposure.

Growth and Development

Anthropology: Data on anthropometry have
been collected and interpreted by Reynold.'-
Of 4800 children examined in 1951, 4200 were
re—examined in 1952, and 2700 were examined
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a third time in 1953. Nonexposed (control)
children in those years were chosen from those
who had moved into Hiroshima after the atomic
bombing. Prior to their arrival in this city
many had spent all their lives elsewhere in
Japan or in other countries. These children
tended to be larger in size and to mature earlier
than did those who were exposed to the bomb.
To minimize the dissimilarity of the early
history, the measurements of children within
1500 meters of the hypocenter were compared
with those in the city but beyond this distance
at the time the bomb was dropped. Those in
the distant group tended to be bigger and to
mature earlier than the children who had been
close to the hypocenter, and those who had had
severe acute radiation symptoms tended to lag
behind those who did not have these complaints.

Physical Fitness: No difference betweo_aq the
2 exposure groups was found when a step
test, hand dynamometry, and a neuromuscular
co-ordination test were performed."

Dental Development: No significant differ-
ence between the exposed and nonexposed
children was noted in the developmental state
of permanent molars among children 6, 12, and
13 vears of age.”” In a preliminary report,
Terasaki and Shiota*® described the presence of
a minor degree of hypoplasia more common
among the exposed group, but this may well be
the result of environmental influences and not
an effect of ionizing radiation. No differences
in root formation or in the time of eruption
of flirst and second permanent molars were
noted, Dental caries were more common in the
exposed group. This was especially true for
the deciduous teeth.

Other Studies of Possible Late Effects in
Children

Sutow*! has found that the incidences of
certain contagious diseases, as determined by
the medical history, were similar for both the
exposed and nonexposed groups. There were
no differences in the 2 exposure categories in
the blood pressure values, in the incidences of
healed or active tuberculosis, or in the incidence
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of abnormal findings by urinalysis. Abnormal-
ities in children 7 months of age and younger
at the time of exposure, were similar for both
groups.

PRESENT STUDY

The review of ABCC {findings summarized
above concerns data obtained before 1954. The
data presented below represent the extension
and continuation of the effort (until the begin-
ning of 1955) to find late effects of exposure
of young persons to the atomic bomb.

METHODS

In the Hiroshima ABCC Pediatrics Clinic,
4407 patients were examined between January
1 and December 31, 1954, The youngest were
in utero and the oldest were 10 years of age at
the time of the detonation of the bomb in 1945.

Table 1 shows the distribution of these
patients with reference to sex, age at the
time of examination, and distance from the
hypocenter (the point directly under the atomic
bomb when it exploded).

Those who were within 1800 meters of the
hypocenter, if they were not by coincidence
shielded, are believed to have been subjected
to some ionizing radiation. Most of those
beyond this distance probably received an in-
consequential amount. An effort was made to

'examine all survivors still living in Hiroshima
who were within 1800 meters of the hypocenter
and all who were between 3000 and 3500 meters
of it.

Estimates of the number of survivors accord-
ing to year of birth, sex, and distance from
the hypocenter have been obtained from the
Hiroshima ABCC Master File. Table 2 shows
the per cent of survivors, now between 9 and
18 years of age, who were examined in 1954.
The 19-year—old patients and all those between
1501 and 1800 meters have been omitted because
the census data are available only in groups of
500-meter and 5-year intervals. Table 2 shows
that more than one-third of the survivors in
each of the age and distance categories listed
were examined in 1954 at the ABCC.

CHEVWTERTHARB TH-AYRICTR AR
W, FHOBCHEIES SRt -7z,

RERETOHE

ABCC o 3§ 4 558y L7 Bl L O# 52 119544 LIRS
AFLA-ERIZET L0 TH 5, U TFomTERt
EHEHRC LN S RERREO-BIZET bhict
DEDFFE (1955FMET) #FRTLOTHS,

i iR

KR ABCC MR Tiz, 195451 A 1 B2 6RE
1231 H F COMIZ440THOME AR Lz, £Okk
FPERUSEOFRERBHCIZENIC S, RER

HIIERTH 7z

# 1L Zh baBosAiiEL 4R, RiEEeEk
A, FIT@BLEHLOERMRL-LDTHD,

1800m KT ONHRO TR T, o TWR T2
ST E LT, MR DEERREOR»ZT
TWHiLDLEZ LMD, LisL, 1800mBLED M=
BHole KA OBIZE - T, COEERIZIRAIC
BEEVLDTH S THA S5, £2T, IKEDI800m
REOHRI I 5H@EFELA, s ITEOL
B3000~3500m DI~ H s foBEBiconTTE A
FEniz{ s fricbhis

EED, N, 5 ICBEERNEEEROREE)
155D ABCCOEAR Az i3\ Thitebi iz, %2
IXI9MFEDHBETHIFIR 1 DISE E TOMIZH 5
LHEDEARYR T, T ECERIZEL TV -5,
45 LU1501~1800m DT HE L 22412, FosA%
SEHENGRGI, BERMNS 500m ks LTS
RESHDAMBR > T b THo. B2icth
i, FERIS DO BIRIEREI R S s g O 5
Sl L1954 ABCCTREX ZiT T 5,



Radiation and medical histories for each
patient were obtained by a Japanese physician.
Clinic visits were usually scheduled within 30
days of the child's birthday. Groups of patients
were transported between homes or schools and
the clinic by ABCC station wagons. The
patients were examined by Japanese physicians.
If an abnormality was found, an American
pediatrician checked the finding. In addition
to the physical examination, the patient received
a hematologic study (complete blood count,
differential count, hematocrit, and sedimentation
rate),

urinalysis, stool examination for ova

and parasites, roentgenograms of the chest
and of the left wrist (the latter for bone-age
evaluation), anthropometric measurements and
photographs, dental examination, evaluation of

visual acuity, and a serologic test for syphilis.
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After the data were recorded, the chart for

each patient was sent to the Biostatistics

TABLE 1  PATIENTS EXAMINED IN HIROSHIMA
January-December 1954
# 1 BEHEBTLEBRE
19544 1 H~12 11
|a*| 9 [10 |11 [12 |13 |14 |15 | 16 | 17 |18 |19 | Tota a5t
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Department where the information was coded,
punched onto IBM cards, and filed. However,
the information presented here concerning the
patients examined in 1954 was derived from a
review of the charts of all pediatric patients
during that year.
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TABLE 2 SURVIVORS EXAMINED AT THE HIROSHIMA PEDIATRIC CLINIC
IN 1954 IN SOME OF THE AGE AND DISTANCE CATEGORIES
*® 2 19544 EABCC/hERHI L TR EY>EE L -8l s
SR T UEEREET
Distance No. of 1941-1945% | No. of 1936-1940 *
B OBE Survivors [Number Examined % Survivors Number Examined %
(m) FREFER HEER BREEER sREN
Males !
1000 and less 39 18 46.2 33 18 54.5
S
1001-1500 478 318 66.5 381 166 43.6
| |
3000-3500 874 528 | 604 590 247 4.9
Females 4ir 5 ";
1000 and less 38 21 | 55.3 28 13 46.4
F 3]
1001-1500 527 343 65.1 350 132 37.7
3000-3500 769 | 438 57.0 i 565 195 34.5

*Year of birth. #hi-4

The patients seen in the Pediatric Clinic
were virtually all ambulatory and afebrile.
About three-quarters of them had no disease
(disregarding worm infestation and paranasal
sinusitis) that could be diagnosed under the
conditions of the study. Incidences of acute
illnesses could not be determined in this clinic.
For most abnormalities, the medical histories of
the patients served only to suggest the presence
of disease, but were not suffciently dependable
to serve as a source of data based on them
alone. Therefore, it would seem that only those
patients with subacute and chronic maladies
yield
heavily exposed with the lightly exposed and

satisfactory data for comparing the
nonexposed. It must be remembered that to
demonstrate a relationship of a disease to
ionizing radiation an increased incidence among
the exposed population must first be demon—

strated. Individual case analysis cannot be
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related to the effects of this physical agent.
In addition, of the illnesses detected as a result
of the medical examination, perhaps those best
suited for statistical study are ailments which
create deviations of physical or Ilaboratery
findings which are virtually incontestable and
most unlikely to be overlooked. This is the
reasoning which led to the selection of the
investigations reported here.

RESULTS
Microcephaly ¥

Table 3 shows the number of patients ex-—
amined as compared with the number known to
have been exposed in each age and distance
category. These patients were examined at least
once between 1950 and 1955. The gestational
age at the time of exposure is measured from
the date of the mother's last menstrual period.
Virtually all patients within 2200 meters under
15 weeks of gestational age and those over 15
weeks of gestational age within 1500 meters of
the hypocenter have been examined at the
ABCC.

The relative scarcity of patients of a gesta-
tional age less than 7 weeks may be the result
of the original plan for selecting patients.
None was intentionally included if born after
April 15, 1946. Thus, the youngest patient in
the study, if born at full term, was exposed
at 2 to 4 weeks of gestational age.

The sporadic nature of the incidence of
microcephaly makes the corresponding rates too
discontinuous for adequate comparisons to be
made. Instead, the scheme of presentation shown
in Figure 1 was adopted in order to contrast
the incidence of microcephaly between the
various gestational age groups for the different
distances from the hypocenter. The addition of

DYEN L ORREW BT D - TR,
Ok, BROBERRE NBEBOG TR HIEH
ERCETHL0E, BESHIVCERRERLLL
TEHHTHAT, Li-TREXhIEThONT
LW X D RS BERTHS 5, chaiz Sicigé
5L 5 RMEEE AR BIE - BB TH D,

B =
i ER EEF

23 UL, AFEHHRI s X OB R O i B
EBEER L OREA T, BIEIL195040: 519554
T TORC P { £ L —HiRELFIC\5, BB
ORI BRORI AERSLER L, FEE,
2200m RO HBIIZ & - I HREISHLL FO # & L
1500m Rl D Hiski= 8 - A AR ELL O # 4 Rok
#4'ABCC Cirichiliz.

Bl 7 LT o Bgd S e ey ol
EOHUHKIZES LD THA H, 194644 F15H
HgolE R s lER RN BBV . Licsis
T, ZOREETIRSFIEL, FER T
it 2 85 4 BOMCEIR LT 5 Z Lz B,

PEREOCREFTBRNTSH S0, —OBEHRLT
TEFLELLTHRBNELY, +achk#ircal
Vo EDMDELO L SRR HGT, [HihE)
EHEX MBS R L TR, 43 T5

* Microcephaly, as the term is used here, signifies a head circumference 2 or more standard
deviations below the average for children of comparable age and sex. Although those with the
smallest head circumferences were also of short stature, their head circumferences were still

disproportionately small with respect to height.
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patients not previously listed more fully defines
this contrast. Five mentally retarded micro-
cephalic children have been added to the 10
already known,***" and 16 microcephalic children
of normal intelligence have been added to the
2 described in an earlier report.”
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TABLE 3 GESTATIONAL AGE OF SURVIVORS AT TIME OF BOMBING
# 3 HREFEOREBREC 0T 2 Ik
Distanice: | 0—6 weeks 8 7-15 weeks i 16-25 weeks 33 26-40 weeks
SR No. No. No. No. No. No. No.
(m) ‘ Exposed Examined | Exposed Examined | Exposed [Examined | Exposed [Examined
W | Prkedl | BRR S | WM | B R | Wl d | Bl | MR
1200 and less
P 3 3 8 8 7 6 8 7
1201-1500 3 2 22 22 24 23 23 22
1501-1800 5 4 18 16 22 16 27 20
1801-2200 2 1 19 19 — = — ==

Mental retardation was diagnosed on the basis
of clinical opinion, history of poor school work
and unsatisfactory performance in 3 psycho-
metric tests given at the ABCC. These were
the Koga (Japanese designed)
test, the Goodenough draw-a-man test, and the
Bender-Gestalt visual-motor test.

intelligence

Figure 1 shows that all patients with mental
retardation and head circumferences more than
3 standard deviations below normal were
between 7 and 15 weeks of gestational age.
This group is comprised of all 8 patients who
were exposed within 1200 meters of the
hypocenter, 4 of the 22 exposed between 1201
and 1500 meters, and 1 of 16 exposed between
1501 and 1800 meters. One patient of normal
mentality but with a head circumference 3
standard deviations or more below average was
found in each gestational age group. However,
each of these patients was exposed at less than
1500 meters.

Of those with head circumferences between
2 and 3 standard deviations below average,
They
were 22 and 24 weeks of gestational age and

there were 2 with mental retardation.
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FIGURE 1 INCIDENCE OF PATIENTS WITH SMALL HEAD
CIRCUMFERENCES, HIROSHIMA ABCC
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900 and 1160 meters from the hypocenter,
respectively, at the time of detonation of the
bomb. Fourteen patients with this lesser degree
of microcephaly were of normal intelligence.
Ten of these were between the seventh and
fifteenth week of gestational age at the time
of exposure. Six of 22 patients exposed between
1201 and 1500 meters had this defect, as did
4 of 16 exposed between 1501 and 1800 meters.
Of the remaining 4 cases, 2 were among 4
individuals younger than 7 weeks of gestational
age who had been between 1501 and 1800
meters of the hypocenter, and 2 were among
23 individuals between 16 and 25 weeks of
gestational age who had been between 1201
and 1500 meters from the hypocenter.

10

B (m

900m s .k 001160m “Tdh » 7z, ZOFOEENFHED

5 BURIXTEDIETT NIEN Th - e 20 55104
CEEBRI VR 7 A 15 F T iR T S 5 . 1201
~1500m Wiz 5 22480 6 6, LU0 1501~
1800m XK=kt H16%h 4 B CHICET 5, &Y
4 FD 5% 2 £41311501~1800m O K T HE L 7= Hks
THEREOLD 4 HZD S5 HLITHDHHLITET, D2
£121201~1500m X[H THUE L /- [hiR16~2580 L ©
2P EHLRIETH D,



Table 4 lists in order of distance from the
hypocenter the patients with mental retardation
associated with head circumferences more than
2 standard deviations below the mean.

The first case number is 11, indicating that
those with lower numbers did not have micro-
cephaly with mental retardation; these patients
were younger than 7 weeks of gestational age
and were between 940 and 2200 meters from
the hypocenter. The absence of case numbers
between 11 and 50 indicates normal individuals.
Cases 76 and 80 appear out of numerical order
because these patients are from a different
gestational age group than all the others who
have this combination of defects. It can be
seen from the table that 13 of the 15 patients
were within 1310 meters of the hypocenter.
Two had mongolism (1210 and 1481 meters from
the hypocenter). Two patients, Cases 13 and 18,
were born prematurely. Except for 2 patients
(Cases 76 and 80) who were in the twenty-
second and twenty-fourth weeks of gestation
respectively, all were between the seventh and
Of the

13 patients whose statures were measured, 8

fifteenth weeks of intra-uterine life.

were 2 or more standard deviations below the
Nine of the 15 mothers of these
children suffered epilation and 6 had purpura

average.

as symptoms of acute radiation sickness. Two
patients had associated congenital dislocations
of the hips (Cases 12 and 21), 3 had strabismus
(Cases 12, 19, and 21) and 1 died of primary
carcinoma of the liver (Case 17). Cases 15, 21, 27,
38, and 50 have not previously been described.

Table 5 presents in order of distance from
the hypocenter, patients who were in wfero at
the time of exposure who have had serious
illnesses as determined by physical or pathelogic
examination. There is no apparent relationship
of the defects to each other, or to the gesta-
tional age at the time of exposure.

Bloud Disecases

Leukemia: Table 6 lists the patients 19 years

of age and younger whose leukemia was

diagnosed at the Hiroshima ABCC between
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TABLE 4 IN UTERO PATENTS WITH SMALL HEAD CIRCUMFERENCE ASSOCIATED WITH MENTAL RETARDATION
(Hiroshima ABCC)
# 4 NI AINED 3 ORI (F - 2 PSR
(IKks ABCC)
“ 1 - : Gestational | Age at Last Head " s
Case Bibiince Dg;:g::ﬂ);l Age at Time [ABCC Exam| Circumference Btatur k- Motlgerlz ?:;;mon
No. Sex | “u (days) of Bomb ABCC jii% it} (on) .Ulw.@ﬂl&fﬂf[ " Other Diagnoses
e (1 lm} I g zﬂ_ﬂ i (_“{EBES_} el (em) 4 F OB
L) (H) &L@fﬂ{g%{ﬂﬁm Yr [ Mo | Pt |[Meank gp,| Pt [Mean* ony| Epil | Purp
F 1A LXAI¥S AA LFY O MRE | W = =
|
11 |Fiz 725 280 10 7 6 |43.4(49.9| 1.0 | 105.3|, 114.3| 4.1 | Yes4y Yes 41 |
12 |Fi 790 280 12-13 5 | 0 |99.8(48.6| 1.0|Small|100.5 3.8| Yesdy | Yessy | Dirabismus, Cong. disl. hips.
paralysis AEAVERLEL, R EH
JBELD, BTG b e D0 AT
13 MY} 900 252 I 8 1 |41,5|50.8| 1.3 102,68 119.0{ 5.4 | YesHf Yes {f | Strabismus fi4)
L)
76 (MY 900 280 22 7 11 |[48.0 | 50.7 | 1.3 | 122.6) 118.0| 5.4 | Yesdy Yes 45
4 |Fir 920 280 15 8 3 |45.8|50.1| 1.1 106.4]| 120.0| 4.5| Yesdy No i
15 MY 990 280 13 9 0 |46.9(50.9| 1.2| — |123.0] 4.8 | Yesd# No i
16 MY 1030 280 10-11 8 0 |45.9(50.7| 1.3 | lt]'ﬁ.lI 118.0] 5.4 | Yes Ay No 4
17 |Fic 1050 280 10 4 7 | 43.3(48.3| 1.0 93.4] 98.0] 3.8 | Yesiy Yes 4f | Died—primary carcinoma of
| . | }g%r , Jan, ig 19534¢ 1 H -
80 MY 1160 280 24-25 8 1 |48.0|50.8| 1.3 | 113.6 119.0| 5.4 | Yes#j No %
18 IMUi 1200 238 11 8 3 |46.2|50.8| 1.3 | 105.6( 120.0| 4.5 | Yes A No %pémsznary tuberculosis
i
|
19 [Fir 1210 280 13-14 4 7 |43.4 | 48.3 | 1.0| 86.6/ 98.0, 3.8 ? ? Mongolism, stratismus.
i Drowned 1951
| W HE, R, 19015ERE
21 |Fi 1224 280 11 9 0 |[45.5|50.4 | 1.2 112.1] 121.8 4.7 | No No {ii | Cong. disl. of hips. Stabismus
e R 1 B 1
21 M% 1310 280 13 8 1 |46.9|50.8| 1.3 123.0] 119.0] 5.4 | Yesdf Yes 4§
38 Pl 1481 275 15 9 1 |44.8|50.4 | 1.2 111.7) 122.0 4.2 | No & ¢No fi | Mongolism &4
50 MY 1624 290 12 9 0 | 47.5|50.9| 1.2 125.9| 123.0] 4.8 | No No i
™ .




January 1, 1949, and December 31, 1954. These
patients were within 6000 meters of the
hypocenter, Only 1 patient was found to have
the disease as a result of the medical survey
described above under “methods.” All the rest
were referred to the clinic or requested an
examination because of signs or symptoms of
the disease. All but the 2 patients who were
1208 and 6000 meters respectively, from the
hypocenter have been the subjects of other
reports.™* Their clinical records have been
brought up to date, and are presented here in
greater detail than previously to draw attention
to the nature of the illness in young individuals.
The patients are listed in order of their

distances from the hypocenter.

From 9
of the 21, a history of epilation as a symptom

Nine of the 21 patients were girls.

of acute radiation sickness was obtained. Five
were said to have had purpura. Seventeen were
The
age distribution at the onset of the disease or

within 1500 meters of the hypocenter.

at the time of death does not indicate a period
of heightened susceptibility. The same is true
of the time distribution of these features of
the disease.
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O LEESERES OEMIS A oL TLARDO Z L0

q2i5.

TABLE 5 IN UTERO PATIENTS WITH ABNORMALITIES OTHER THAN INFECTION
OR MICROCEPHALY ASSOCIATED WITH MENTAL RETARDATION
# 5 BieL s LNABAORFTRED BT DO ENL - LRAEERE
Ca | Duration of | Gestational Age Age at |
N:e Sex Distance | Gestation at Time of Bomb| Last ABCC Didznauen
o | dep | B B (daye) S o g B %
w2 (m) IR M) ‘ UEREE O 3l ‘ ABCC s =
: - (3) (iE) &Eﬁ#ﬂi!&%
| A '
77 | Fir 950 | 294 21 | 1yr 5mo | Congenital dwarfism, strabismus,
| | nephritis xR, FE, Fik
17 | Fir | 1050 | 280 10 | 4yr 7mo | Primary carinoma of the liver
| FRBERE
124 | M5 | 1170 266 35 8yr 1mo Unidentified lipidosis
. TEEDENE
7| M| 14n 259 12 8yr 4mo | Psammoma of the brain
| , | I
142 M 1436 280 32 8yr Omo | Congenital absence of several pha-
| | langes myopia, microcephaly (-3 S
, | | D), normai Intelligence Je K E4F MK
I n, ¥R, /MR (=3 SD), AfEIER
102 | Fir 1450 ‘ 280 18 5yr Omo  Sacral meningocele with pyelo-
nephritis. Died May 13, 1954
i RBE, BEE Ak, 195495 13
AE
162 | MY 1730 287 38 9yr O0mo | Hypospadias FRiaTF#
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TABLE 6 TWENTY-ONE PATIENTS WHO DEVELOPED LEUKEMIA BEFORE
THE AGE OF NINETEEN YEARS
(January 1949-December 1954, Hiroshima ABCC)
# 6 VEERBOAMBBE2E
(1949 1 B~19544£127, K& ABCC)

Radiation Onset of '
Distance | ¢, Symptom mBg:_osr;a E‘Eﬁ%‘l Die Eg H Perlph Ma A T f Leukemi
X TRl A 7 rrow Autopsy ype o emia
R | | BURES Zab | ol VB B M k| 0 AmED
Epll |Purp Yr M0|Yr Mo | Yr: Mo'
£ Al A |
- i _ | Granulocytic
870 M% + 42 9 . 48 9 49 1 = e . - e
Prob., Lymph.
90 |M%| + | + (3¢ 9 51 95 12| + - — | e R
950 | M¥ | + - |3 3,5 1|5 3| -+ - - &
%60 |Fi| + | + |87 5|40 6|a9 8| + | + | - |LymRbocytic
Granulocytic
980 M5 + | -+ |35 12 |'63 & |4 2 -+ =k + i
Lymphocytic & Lym-
1050 |M% | + | — |35 5[4 9|51 5| + + sl o e
) vARE, ) voEE
Spleen Granulocytic
1 - Ly
1090 Fir | — 4+ |37 3|51 7|5 8 + + | — ?
| | 2
1100 |F&| + | + |32 12|51 8|51 9 + = | 2 (|fTiepcctic
: i | Lymphocytic
no | Fk| - | - (4 3|2 |5 10| + + Vv
: | Lymphocytic
1200 Fir - - 44 10|51 B8 l 51 9 + == = A 13
Alive | Granulocytic
1208 |M% | - | — |39 10|54 1|4 | + = - | A
2800 [Fee| - | - |@ 7|z 7|2 7| + | - | + |Lyoeneepue
120 |MB| - | - |e0 7|50 4|50 8] - + o g
1300 |ME| + | — |44 10(53 9|54 2| + + + I;-”’.’j‘ﬂh&‘@t‘c
ofis Granulocytic
1340 Fi 7 2 30 12 |49 3[(49 9 + + + i
Granulocytic
1450 M5 - - | 31 12 .46 7|49 12 i - + A
1530 | F&k| - | — |41 1|50 2(5 5| + - + ?
' b. Lymph.
2110 | M%| — | - 8 1 50 3|50 4| + - + | s
5420 M®E | - — 41 11 49 6|49 7| + - - ?
| | ,
6000 |MZ| — | — |38 10/54 4|58 9| + SO I
The aberrant cellular type in 7 cases was THCESE, THIC) v<RIE 2HZY ¥R
granulocytic, in 7 lymphocytic, in 2 probably ELBELh S REEHBRRLEWEN, B) 5 HOES

lymphocytic, and in 5 cases was uncertain. One BABITHE S, ) v AREETREES 1 ATz VS

A, s T,

patient with lymphocytic leukemia was also
shown to have lymphosarcoma.
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The biostatistical analysis of the incidence of
leukemia among survivors less than 10 years of
age at the time of exposure (born in 1935 or
later) is summarized in Table 7A and 7B.

The difference in the incidence of leukemia at
a distance of less than 2000 meters as compared
with that of 2000 meters and beyond is very
striking (Table 7B). The incidence of leuke—
mia in the former group is more than 10 times
that of Such an
incidence would occur less than once in 50,000
times assuming that the incidence of leukemia
follows a Poisson distribution. The comparison
of cases in patients exposed at less than 1500
meters from the hypocenter with those in pa—
tients beyond this distance reveals a difference
which is even more striking (Table 7A).

the more distant group.

TABLE 7

BRHERSI0E L T Th - e FEERRETS
B R i B A e A R IR T O R R AR L
T, 7 A (1934ELIEOHER) BXUET BIiTHRE
‘;-0

2000m ki £ 2000m LD FHC 3511 5 AIFERER

IS5 (X7 B). WIEICRT D Bl
RERRBEOTIICHK L TIONEL ALV AMSR
4 Poisson A HOERCHES Lo L ThiE, =0
I 5702 EHNE o 5 AAEREI250,000EN 1 EELTF £ Ls
5 Z &iTicAd 5. 1500mKH £1500m LR DR &
THEEDERVIVEIKREL LD (RTA).

INCIDENCE OF LEUKEMIA AMONG SURVIVORS BORN IN 1935

OR LATER WHO RESIDED IN HIROSHIMA DURING 1949-1954
® 7 1935 LABRIC A Lt IKEE GO BUREIT 3517 51949~1954F D 1 A R

A [ B
Categor, Distance Distance
o B (m) _ B (m)
Less than 1500 | 1500 and beyond Less than 2000 | 2000 and beyond
1500k 150011 2000K0E 20001 |-
|
Population 1,590 18,030 5,060 14,560
5]
No. of cases 10 4 11 3
fiE A3
Incidence per 1,000 6.29 0.22 217 0.21
1,000 2472 b a4

Hypoplastic Anemia: One survivor of less than
19 years of age is known by the ABCC to have
developed hypoplastic anemia. A girl exposed
to the bomb at the age of 414 years at a
distance of 1670 meters from the hypocenter
suffered only mild diarrhea with slightly bloody
stools 3 weeks after the exposure. In April,
1951, pallor was first noted. Hypoplastic anemia
was diagnosed. The patient died in February,
1954. A the

diagnosis.

necropsy confirmed clinical

Other Patients with Hemoglobin Levels Less
Than 10g/100ml: In 1954, 19 of the 2157
patients (0.88 per cent) within 1800 meters of
the hypocenter had hemoglobin levels of less

15

ERRMER D : ABCC ONA:TIRI9aK L, T oA 7E
HIC 1 AOMGIERER A RS B h T v 2. Fhid
414 FECREL LA E 1670m D b A ORI L, e 3
A H o3 M e e 5 EED TFRIA S - fof2it
DY THBH, 19514 4 HIZE - Thhd THIE EE
THHDICHSE, WERERMEBHE . O
BHEIT19544 2 AIZEE LT 5, BlROSTERS
BB oo Z LR S i,

mEeREEH 10g/100ml LUITICT 2 cEDROEE :
19544 E DB L i, MEREH 10g/ml LITFIZF
- 72 #411800m L8 §i##T1222504214 (0.98
%) H-o7-oizkiL, 1800mEHMOEEE TII215TA



than 10 g/100 ml, as compared with 21 of the
2250 (0.98 per cent) beyond this distance. All
cases occurred in subjects with chronic infection,
hookworm infestation, or iron deficiency. Of
these, 5 within 1800 meters and 3 beyond that
levels

distance had hemoglobin lower than

hiZ194 (0.88%) Ho7=. LThiBiEgRs,
ZEBRE, LV LERKZEEZCHESLhILDT
HH. D5 HIIMKEDOTEER TS558, &
LUIB00mMELROMRECET 5 3 AT, MEaRE
(% 8/100ml BAFTH -7,

8 g/100 ml.
TABLE 8  INCIDENCE OF VISUAL DISABILITY
(Hiroshima ABCC Pediatrics Department Jan.-Dec. 1954)
& 8 a4 7R 8B B2 £ X
(EEABCC/NEF, 1954551 A~127)
Distance from Hypocenter 0508 EE (m)
1500 and under | - I Over 1800
Age Groups ot e L . ) sBontE
(years) [ Wntth')gfeclwe Wnt%[')e_fectlve I Wltll‘rpgfective
s B ision 1sion 1s10n
Toal | moms | TORL | gyymw | TR | gomw
No. o | No. | ar 3 No. oy
wige | 7 B | 7 %L :
8-11 437 81 [ | A 2 | 5.0 | 981 39 | 4.0
12-15 491 42 | 8.6 | 45 39 | 8.6 | 906 74 | 8.2
16-19 171 35 | 20.5 166 | 35 | 21.1 361 | 33 9.1
o 1009 | 108 | 9.8 i 1058 9 | 9.1 |28 | 146 | 6.5
Age Groups Chi-square P Significance
SR A4 EFEME | e
8-11 6.250 .05-.02 i
12-15 0.116 .95-.90 -
16-19 18.768 001 =
e . 13.631 .01-.001 iy
Abnormalities of the Eye BODEE

Studies of cataracts among survivors of the
atomic bomb have been reported elsewhere.’
A detailed investigation of this defect among
those exposed to ionizing radiation early in life
has not been performed. Although small cata-
racts were occasionally seen on ophthalmoscopic
examination of individuals 19 years of age and
younger during 1954,

none interfered with

vision.
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Four patients had sequelae involving the eye
as a result of the blast effect of the bomb.
One had a scar causing ectropion, 2 had had
unilateral enucleations, and 1 had unilateral
optic atrophy.

Each patient examined during the year was
given a test of visual acuity.
Method :
chart at a distance of 20 feet with each eye
alternately covered. Those with vision of 20/70
or worse in 1 eye were listed as abnormal. Asti-

The patient read a Snellen eye

gmatism was not differentiated from myopia.
Patients with other defects of the eye which
were detectable by ophthalmoscopic examina-
tion and which limited vision were excluded

from the listing.
Table 8 shows the results obtained.

It was found that there was no significant_
difference in incidence between the sexes, so
the data for males and females have been
combined. In each age group there is a decrease
in the incidence of visual disability among those
more than 1800 meters as compared with those
within 1800 meters of the hypocenter. For those
8 to 11 years of age this difference is of doubtful
significance, for those 12 to 15 years old it is
not significant, but for subjects 16 to 19 years
of age it is highly significant. Further study
must be done to determine the nature of the
alteration in physiology.

Incidence of Chronie Otitis Media

Infection among those in the pediatric group
at the ABCC is uncommon. Chronic otitis media
is the infectious disease most often found in
Thus it
provides the only indicator presently available

individuals less than 19 years of age.

for comparing the susceptibility to infection of
exposed and nonexposed young people. As may
be seen in Table 9, the proportions of those
with chronic otitis media decreased as the
distance from the hypocenter increased in each
age group of males and all age groups combined
for both males and females, but these differences
were not significant according to the chi-square

test.
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TABLE 9

INCIDENCE OF CHRONIC OTITIS MEDIA AMONG PEDIATRICS PATIENTS

(January-December 1954)

# 9

DERHEEIT R

L

DI g DIERTR

(195442 1 A~128)

Distance from Hypocenter @@iﬂﬁ:%@lﬁﬁfﬁ (m)
1500 and under " Over 1800 and Nonexposed
Age Groups 15000 F ANLE0T - _| 1800L) |- 45 & O JE R
(years) | Otitis Media | [ Otitis Media | Otitis Media
i B Total i EH % | Total | b H % Total th B 4
&gt | No. | L. | AE ‘_ﬂ& ., | &t | No. |
| g | % b | % g | %
(A) Males H17 | |
8-13 353 16 4.5 353 | 14 4.0 806 27 3.3
14-19 202 i 6 3.0 195 5 2.6 399 7 1.8
o |
%;1 | gea 22 | 4.0 | 548 19 | 35 i1m8 34 2.8
(B) Females g
8-13 376 9 2.4 360 5 1.4 708 10 1.4
14-19 168 2 1.2 150 1 &7‘ 332 3 0.9
2§§ﬂ ‘ 544 11 2.0 510 6 1.2 1040 13 1.2
= |
(C) All ages combined '
SEERA 555 22 4.0 548 19 3.5 1208 34 2.8
Males 18 ‘ |
Females #43 ‘ 544 | 11 2.0 m0| 6 12|1m B' 1.2
| | . | .
Sex | Chi-square p Significance
i #1 FRE A B M
Male 57 1.712 .30-.50 ‘ No 7 L
Female 2 1.821 .30-.50 No 7oL

A statistically significant difference in the
incidence of this disease between boys (3.2 per
cent) and girls (1.4 per cent} was found. This
may be attributable to the greater participation
of boys in swimming in the rivers. Japanese
physicians and parents are of the opinion that
otitis media occurs commonly after indulging

in this sport.

To determine if the presence of chronic otitis
media affects the hematopoietic activity of
heavily radiated persons, the means for the
hematologic values of the peripheral blood of
patients in the 4 exposure categories were
compared (Table 10) and found to be virtually

the same.
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TABLE 10 HEMATOLOGY VALUES FOR PATIENTS WITH CHRONIC OTITIS
MEDIA IN THE VARIOUS DISTANCE CATEGORIES
(January-December 1954)
# 10 EHEHEENBERH EEEOMPE (195441 A~12H)
ézg- s |3 ﬁéﬁ'% - = SR §§ R
1 s | | 3
el PlEEEL s sEe Fistt
; o | m-ziEzERF g = EN<| = &l FoF°
Distancet Lo @ oE ["B=5:820 S:im]| 5| SRFRE e
= [T e Rom LBk C B g3
| & | *:ﬁgﬁﬁél‘m BT GSTEs
| L ~ 1 [ | Q‘ =
- -ﬁiﬁ!k!Tiﬁiﬁm.‘%ﬁé%%%;ﬁ%%ég“a
| |
}%n‘f@];““deri 33 4. zsi 11.9639. 795 fa 230, 1665751.6 3. 720.3 8.5 6.00.02, 0.5 18.2
1501-1800 |25 4.28 12.2 39.692.328. 530 Jamsa 1] 3.230.3 7.3% 5.30.2|0.5 4.0
1801-2999 74wwmmeMﬁmmmFo4awam&ﬁ3mj1u
3000-3500 ‘ 37 4.26 12.0239.593.028.330.4636951.6 4.529.5 8.1 5.30.2 0.5 16.2
| | | | | | |

* Distance from hypocenter in meters. D4 HOESE (J4iff m)

Tumors

Except for leukemia the number of malignant
and benign tumors among our pediatric patients
has been very small. Other than the patients
described above in the in ufero group, there has
been only 1 child with malignant disease seen
since 1951. That patient, who had Hodgkin's
disease, had not been exposed to the atomic

bomb.

Study of Death Rate

The death rates of the exposed as compared
with the nonexposed population may provide
a measure of the premature aging effect of
jonizing radiation. Of pediatric patients seen in
survey studies since 1951, the death certificates
of those who have succumbed are being analyzed,
but the data is not ready for interpretation at

this time.

Sequelae of the Blast and Heat of the Bomb

Of 2771 patients in the pediatric group seen
in 1954 who were within 3000 meters of the
hypocenter at the time of exposure, 24 had
sequelae other than well-healed scars (Table 11).

DISCUSSION
Embryologic Effects

Findings at the Hiroshima ABCC indicate that
until 9 years after exposure to the atomic bomb,
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TABLE 11 SEQUELAE OF THE BLAST OR THERMAL ENERGIES
OF THE HIROSHIMA ATOMIC BOMB OTHER THAN
WELL-HEALED SCARS, AMONG PATIENTS LESS THAN =
TEN YEARS OF AGE AT THE TIME OF EXPOSURE
(January-December 1954)
z 1 EBOETEFERENCIRL T TH - -EFCESHLRL
EESEINOBELV LB F ¥ -DBERE
(195451 A~127)

Disease Distance B E (m)

# B Within 2000 Total
Osteomyelitis 2 0 2
i g
Eye abnormalities l 3 0 4%
R o> S
Cosmetically or physically 9 4 14+
deforming scars
FELE f R Y o ol R
Paralysis 3 0 3
[

Foreign body (glass) 3 0 3
Z ¥ (¥7R)
i 20 4 26

#0ne patient's distance is unknown. 1£OBEDFELEAGOEERH
1 One patient's distance was 3180 meters (mild keloid).
14D EHOBLIES HOEESISIm (EED Y =4 F)

the only effect on the individual exposed in
ufero is limitation of head growth sometimes
associated with mental retardation. Although
the number of cases was too small to permit
conclusions to be drawn on the basis of statis—
tical analysis of the data, the pattern seems
quite clear: in the susceptible group (primarily
those 7 to 15 weeks of gestational age at the
time of exposure), the head circumference is
more often small and more markedly so if the
The
distribution of the 15 patients with mental

individual was close to the explosion.

retardation associated with microcephaly also
indicates a relationship to the distance from the
hy pocenter at the time of exposure. Small stature
is a common accompaniment of these defects in
the Hiroshima group. The facts that embryologic
defects have been produced experimentally by
ionizing radiation and that microcephaly with
mental retardation has occurred among children
born of women treated with this physical agent
while pregnant, leads one to suspect that the
ionizing radiation component of the atomic bomb
was largely responsible for the occurrence.
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Although there is a scattering of patients
exposed in utero who have had major ailments,
the differences in incidence between exposure
groups do not at present suggest that they are
sequelae of the exposure.

Most of the patients with mental retardation
associated with microcephaly were born of
mothers within 1500 meters of the bomb, and most
of these women suffered major acute radiation
symptoms, This suggests that to produce the
only radiation—-induced malformation known to
occur in the human, a large dose of this physical
agent is necessary. It is possible that different
environmental factors could protect or predispose
embrycs or fetuses to this detrimental effect,
or that lesser doses are sometimes lethal.

Blood Diseases

The data indicate that leukemia is induced in
individuals younger than 19 years of age as the
result of a single exposure to ionizing radiation.
There are no cases among those who were in
utero at the time of detonation of the bomb.
The incidence of the disease in the pediatric
group is about the same as that described by
Moloney and Kastenbaum® for survivors of all
ages who gave histories of major acute radiation
symptoms. Only about one-half of the patients
listed in Table 3 gave such a history. However,
the reliability of this information is less than
that for persons who were mature at the time
of exposure. None of the leukemia-affected
patients in the pediatric group lived longer than
2 years. To date, for young leukemic individuals
there seems to be no period of heightened
susceptibility related to the patient's age at the
time of exposure, to the time of onset or to the
time of death.

There is no evidence at present that in the
pediatric group aplastic anemia or other blood
dyscrasias are consequences of exposure to the
Hiroshima atomic bomb.

Eye Abnormalities

Cataracts: No further comments on this defect
among the pediatrics group can be made on

the basis of observations made in 1954.
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Visual Disability: The increased incidence of
visual bisability that exists for those now 16 to
19 years of age who were within 1800 meters
of the hypocenter requires further definition.
Detailed ophthalmologic examination is necessary
to determine the pathologic physiology in each
case.

Susceptibility to Infections

The present plan of the medical examination
performed at the ABCC does not give information
on the incidence and nature of acute infections.
In the pediatric group, the only chronic infection
which occurs with sufficient frequency to permit
such a study is otitis media. There was no
significant difference between the 2 exposure
groups in the charactristics of this disease 6
years after the detopnation of the bomb.

Tumors

In the period that has elapsed since the
detonation of the Hiroshima atomic bomb, there
is no evidence that tumors other than leukemia
have occurred.

Fear of Late Effects

Although there are no data to present in
scientific form, it is our impression, that, as
would be expected, the fear of late effects is
very common. The concern of parents and of
adolescents is occasionally detectable if rapport
can be satisfactorily established. It is possible
that the emotional disturbance that is so produced
is the commonest late effect that is potrentially
disabling. If accident proneness is a measure of
this emotional effect, the incidence of accidental
deaths for the exposed group will exceed that
for the nonexposed. Thus far, the data from the
pediatrics group are inadequate for evaluating
this.

Other Possible Late Effects of Exposure lo
Ionizing Radiation

Of the chronic ailments not mentioned previ-
ously in the report, none was apparently related
to the exposure to ionizing radiation. Furth
and his associates'® found an increased incidence
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of degenerative changes of the irises of one
strain of mice exposed to an experimental nuclear
detonation. Among the pediatric patients seen
at the ABCC there was no indication of a special
grouping of degenerative changes.

The rapport of physicians of the ABCC with
their patients is similar to that of the school
physician in the United States with the school
children. For this reason it is difficult to
administer drugs as stimuli to determine the
pharmacologic response of the persons examined
in Hiroshima. Therefore it is the current concept
that observations can only be made on the
“‘experiments” provided by stresses that coinci-
dentally take place. Only 1 such oppertunity
was recognized in 1954. The mean hematologic
values of patients with chronicotitis media were
compared to determine if the blood response
varied with the distance from the hypocenter.

-

No difference was found. =

Death Rate

This study, at present inconclusive, is consi-

dered to be one of the most important of those

being carried out in the 2 bombed cities. Animal
experimentation has indicated the possibility
that exposure to ionizing radiation may shorten
the life span. The application of this finding
to the human being is to be determined.

Table 12 simplifies the visualization of the
known late effects of ionizing radiation in man
or animals, and the sources from which the
information has been derived. Attention is called
to the abnormalities which have not occurred
among the Japanese survivors,

Sequelae of the Blast and Thermal Energies
of the Atomiec Bomhb

It is commonly thought that the number of
individuals now in need of surgery for injuries
produced by the burns and the mechanical
trauma of the atomic bomb is high. One per
cent of those examined in 1954 who were within
3000 meters of the hypocenter at the time of
detonation of the bomb have such defecis. Some
patients with these defects were not seen at the
ABCC because they are under the care of special
groups. It is doubtful that there are many
such patients less than 19 years of age.
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TABLE 12 = KNOWN LATE EFFECTS OF EXPOSURE TO IONIZING RADIATION *
¥ 12 EERMHBRMEMoEE*

. Asso ) Human ARj
Abnormality Experimentation X-ray R o,
RO Overon¥  ve | ABCC Finding
- | MWER O ambas | ABCCHE
Iée&.g(%mia yes # D yes H 0 yes &b
Aplastic anemia | yes & D — —
R R M
%&;qgcts ves 3 0 yes H 0 yes # 0
Genetic mutations yes 3D - =
BEIER
Infertility of individual irradiated in utero yes b — —
RS2 S0 b OO RYERE
Maldevelopment of the head following in utero yes &b yes H b ves # 0
exposure
IEAERGEOIRIT AR
Other anomalies following in utero exposure yes &b | B -
BRABEED TOMOATE
Retarded bone growth yes B 1) |  yes BbH ?
BRORTRE -
Hypoplasia of dental enamel ves 1 ves b | ?
B EREHOERTE |
Increased dental caries = ya 2
BEdEm |
Defective vision, cause unknown - - — ves H 8
Ehre, EEFH ' '
Premature Aging
B HE g
Loss of vigor yes 51 = —
LRDFER
Early greying of hair yes H D == =
EA=E =
Increased frequency of hypertension yes H 10 =3 =
EIMFERED FFE
Diminished resistance to infection yes H —_ —
i CH o 1171 81
Reduced life span yes & D = =
FFp
Tumors
{g&g yes & D = —
Ovary yes 3 h ?EL( ) . =
R |
Uterus yes &9 : = =
F=
Breast yes 59 ! == =
AR '
Skni yes 50 yes $9 —
bid ] .
Bone yes 59 | ysdbd | —
. % |
Pituitar]r yes 35 h | = —
TR

*See text for references. MRRIC OV TITARNLAEBMOT &,
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SUMMARY AND CONCLUSIONS

Thirty-three children who were exposed while
in utero to the Hiroshima atomic bomb have head
circumferences 2 or more standard deviations
below normal. Twenty-four of these were
between the seventh and fifteenth week of
gestational age at the time of detonation of the
bomb. The

microcephaly increases as the distance from

incidence and the severity of

the hypocenter decreases. Mental retardation
occurred in 15 of the 33 patients. The incidence
of this defect was also related to distance from
the hypocenter and gestational age. No other
embryologic effects of exposure to the atomic
bomb have been detected to date.

In 6 years ending in December, 1954, 19
persons who were within 2100 meters of the
hypocenter have developed leukemia before
attaining the age of 19 years. The annual
incidence of this disease among those who were
within 1500 meters and who were younger than
10 years of age at the time of exposure is

1:1000.

There are no cataracts that impair vision
among the present pediatric group. An increased
incidence of a mild visual disability, the cause
of which is thus far indefinfte, has been found
among those now 16 through 19 years of age
who were within 1800 meters of the bomb
center. The incidence of chronic otitis media
is the same for the 2 exposure groups, as are
the means of the hematologic values for the
patients with this ailment. There is no increase
in the tumor incidence of the exposed children
as compared with the nonexposed. There are
no data to prove it, but the impression is that
among the survivors the fear of late effects
may be common and potentially disabling. Of
those 19 years of age and younger, there were
2771 within 3000 meters of the hypocenter at
the time of detonation of the bomb who were
examined in 1954. Twenty—four of these had
sequelae of the blast or thermal effects of the
bomb other than well-healed scars. No other
abnormalities related to atomic bomb exposure
have been identified.
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The review of the literature and the data
presented in this report describe the late effects
of exposure of young subjects to ionizing
radiation or to nuclear weapons as known in the
early part of 1955. The new information
may be useful in the further definition of the
tolerance of humans to ionizing radiation.
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