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MORTALITY IN LIVE-BORN CHILDREN WHO WERE IN UTERO
AT TIME OF THE ATOMIC BOMBS

BoR B E E R O % L O£

HIROSHIMA AND NAGASAKI

E B

INTRODUCTION

Ample experiments indicate that ionizing radiation
shortens life in animals."* The JNIH-ABCC Life Span
Study of A-bomb survivors*® revealed higher mortality
in those exposed within 1400 m from the hypocenter than
in distally or nonexposed subjects, especially for vounger
ages, i.e. under 20 vears of age at the time of the bomb
(ATB). The difference in mortality was significant from
1950, the first year of systematic follow-up, to 1955, but
diminished steadily thereafter. Since the fetus might be
expected to be more sensitive to ionizing radiation, the
children exposed in utero are not included in the Life
Span Study. Past medical examinations of in-utero
exposed children revealed higher incidence of mental
retardation,”® reduction in growth and development®

and suppression of antibody production'

among those
proximally exposed. Yamasaki et al'' reported higher
neonatal or infant mortality among children exposed
in utero within 2000 m from the hypocenter as compared
with distally or nonexposed in Nagasaki. The number of

subjects, however, was very small.

This study was made to investigate mortality among those
exposed in utero to the A-bomb with a large scale and
well-designed epidemiological study, and to differentiate,
if possible, between true exposure effects and systemic
effects passed through the mother.

METHOD

Sample Considering the gestational period, children
horn from the time of the A-bomb, i.e. 6 August 1945 in
Hiroshima, 9 August in Nagasaki, to 31 May 1946 were
defined as in-utero children.

In-utero children were not included in the Life Span
Study sample, and even if they had been identified in the
source censuses, the in-utero population would have been
limited to subjects who were alive at the time of enumer-
ation. This loss of early deceased cases also applies to
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the ABCC in-utero medical study sample which was
established with the primary objective of clinically
examining the subjects thereby resulting in attention being
directed to identifving living subjects leaving doubt
regarding mortality prior to the selection of the sample.
Therefore, a new in-utero sample was defined, based
upon birth records, the ABCC Master File, and 1960
census data. A brief explanation of each of the three
sources follows:

City Office Birth Records There has existed in Japan since
the last quarter of the 19th century a system of compulsory
family registration. Vital events affecting the composition
of a family or the status of its members must be reported to
the office holding the family record. The latter is termed
the koseki®* An indispensable part of the system is the
legal or permanent address of the family, known as
honseki. Under the koseki law, all births must be reported
to the municipal office of the place of birth. The place
where birth records should be submitted was not specified
until | July 1947, but one copy of the report was forwarded
to the place of honseki for family registration. These
copies and original reports kept in the city office. therefore,
provide information on those whose honseki was in the
city or births occurring in the city. Although in a majority
of cases, the place of birth, the place where the report
was submitted and the place of residence of parents are
identical, it is difficult, if not impossible, to estimate the
number of in-utero children born to mothers residing in the
city ATB and whose birth records are not kept in the city
office. It is thought, however, that the number is rather
small and would concern chiefly those mothers who left
the city prior to the birth.

ABCC Master File The Master File is a central file
at ABCC in which all the subjects known to ABCC are
recorded. It was derived from previous random and
nonrandom surveys by ABCC and from referrals. Since
the date and means of entry to this registration differ
markedly for many cases this should be only an ancillary
source for in-utero subjects to supplement the sample
assembled using birth records.

1960 Census Data At the 1960 Census a supplementary
survey was conducted on A-bomb survivors residing in
Hiroshima and Nagasaki prefectures and children exposed
in utero were also surveved. Thus a roster was made of
all children exposed in utero residing in both prefectures
on 1 October 1960. No data are available, however, for
the dead or those who left the prefectures before 1960,
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* The official family registration system based on a permanent address (HONSEKI) Changes of address and vital events must be reported to the local
office of custody of the records. The record itself is the KOSEKI, the office of custody is the KOSEKI-KA.




TABLE 1 POTENTIAL SAMPLE SIZE
£1 FERAxokz sz

Hiroshima 8 Nagasaki K&
Eligibility and Birth record No birth record 1960 Birth record No birth record 1960
exposure status with or without Master File Census  with or without Master File Census
of mother other sources Witshn D(r:ewithout only other sources with or without only
Y IRORBE dERss 53 (g | 1960 Census WEDE o ks ns (1960 Census ;
Bk U RN wﬁﬂﬁtﬁgﬂa‘h*ﬁ““’“ EoEnme oRPECSEns BRI L oA, S gﬁ;ﬁ
BOLED) it gﬂsl énfﬁ%}m wio uD L) utfm uﬂl&gﬁ&ﬂ;}m wHos
FEhstmbat) Sihé!,d‘n’.ﬁf.
Eligible* i s o & 3900 1004 829 3558 412 286
0-1499m 270 58 70 55 7 11
1500-1999 331 89 121 85 12 9
2000-2999 530 130 162 342 47 56
3000-9999 862 186 231 1396 158 155
Not-incity #iffé& 1755 514 7 1651 182 45
Early entrant 152 27 168 29 6 10
WA Al
Not Eligible @8 &5 a2z 58 11 170 36 15
Honseki unknown 22 11 9 7 15 12
EWTHOELD
Distance unknown** 70 47 2 93 21 3
EBEETND L0
Total #t 3992 1062 840 3728 448 301

*Koseki (honseki} and distance from hypocenter known. SR &L B LA S ONMHFHB LT 0S40,

“*Includes distance and honseki unknown,

s0 this source, like the Master File, could be used only
as an ancillary source of data to supplement the Birth-
Record-based sample and for estimating mortality since
1960.

The total in-utero children obtained from all three sources
was 5894 in Hiroshima and 4477 in Nagasaki. The
exposure status of the mother and honseki of these children
has been determined for all except 161 Hiroshima cases
and 221 Nagasaki cases by checking against the Master
File or by field investigations. The number of unknown
cases being less than 5% is too small for serious bias in
the analysis although the effect of their exclusion cannot
be determined. The distribution of these children by
exposure status of mother, by city and by three sources
of data is shown in Table 1.

A matched sample was drawn from the aforementioned
roster of children with honseki and whose mother’s exposure
was known. All subjects in the groups within 1500m
were included in the study sample and comparison subjects
were selected from each of the distance groups 1500-
1999 m, 2000-2999 m, and 3000-3999m having the same
source, city and sex, and the closest match possible for
month of birth. From the nonexposed group two matching
subjects were selected for each index subject. The study
sample thus selected totaled 2388 in Hiroshima and 432
in Nagasaki.
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Ascertaining Survival Status The registering of deaths
in the koseki is compulsory under the koseki law in Japan.
Accordingly, if the honseki is known, the survival status
of that individual can be determined. Koseki was checked
for the entire study sample during July-October 1964.

During this check it was discovered that the koseki
information on file at ABCC was not entirely accurate
and the honseki for 64 or 2.6 % of the 2820 selected
subjects could not be found (Table 2). The predominant
reason was that the subject was not Japanese (43 cases)
while in the remaining 21 cases the reason is unknown.
It is known that under some circumstances, e.g. illegiti-
macy, Japanese children may not be listed on a honseki.
Failure of follow-up because of lack of koseki can scarcely
be regarded as a source of bias in the search for exposure
effects. The 64 “unknown” survival cases have been
excluded from subsequent tables and the resulting distri-
bution of children by distance from hypocenter is shown

in Table 3.
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TABLE 2 RESULTS OF KOSEKI CHECK

# 2

Number in sample

A

Kuoseki unavailable

T2 e oL U N

Non-Japanese

HAEALTLZuLO

Japanese, honseki unlocated
HEATHEEH, FEAWO LD

Esposure group 0-1499m
BT 1500.1999
2000-2999
3000-3999

Not-in-city i M4 4%

PR A O 8 R

Hiroshima Nagasaki
1] £
2388 432
59 5
41) 3
19 2
18 1
13 1
13 ]
12 &
3 0

Factors Other than Radiation Affecting Mortality
Fetal, infantile, and childhood mortality are influenced
by numerous variables such as parental ages, birth rank,
birthweight and duration of pregnancy. A number of
socioeconomic variables such as parental education,
parental occupation, and nutrition are also correlated with
infant mortality. If these concomitant variables were
dissimilarly distributed between the comparison groups,
serious bias in the analysis of mortality data might result.
To check on these factors, a questionnaire was mailed to
the parents using the last known address. The questions
included items such as birth order, birthweight, parent’s
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TABLE 3 FINAL SAMPLE USED FOR ANALYSIS BY EXPOSURE GROUP, SOURCE, SEX, AND CITY
#3 WITCHWARFEEREAR: BB ARFE - % - 805

Source WH &
Exposure group gt "Record L2258 Master File 24 %8 1960 Census EBAE Total &t
e Male % Female X Male B Female ¥ Male 5 Female & Male 3 Female &
Hiroshima LB
0-i499m 131 134 23 25 28 39 182 198
1500-1999 133 135 26 25 27 39 186 199
2000-2999 133 136 25 23 27 41 185 200
3000-9999 131 136 25 26 27 41 183 203
Natinscity 266 274 58 55 58 82 382 41
il 197
Total 3t 794 815 157 154 167 242 1118 1211
Nagasaki E§
0-1499m 27 28 2 4 8 3 37 35
1500-1999 26 28 2 3 4 3 32 34
2000-2999 27 28 2 5 b 3 a7 36
30009999 27 28 1 4 7 3 35 35
Not-in-city 54 56 4 10 16 6 74 72
it P 7 2
Total 3 161 168 11 26 43 18 215 212

survival status, parent’s birthplace, parental education,
parental occupation, size of living quarters, food cost per
month and nutrition. Parental age was available from the
Birth Record or Master File.

For nonrepliers a second, and if need be, a third
questionnaire was sent at intervals of 2-weeks. When a
letter was returned as undeliverable, the koseki was
checked and the questionnaire sent to the most recent
address recorded. If no response was obtained by these
three mailings, a field follow-up was conducted if in
Hiroshima or Nagasaki city or environs. Nonresponders
and unlocatable cases constituted only 7% of all subjects
in both cities.

RESULTS

Sources of Variation in Mortality Other than Radiation
Influence of socioeconomic and other variables upon
mortality is complicated because they are often associated.
For instance, maternal age and birth order are closely
correlated, and both can affect mortality rates, but it is
not obvious whether their. effects are attributable to the
same basic phenomena or to different ones. For this
study it is considered that the distance groups are suf-
ficiently homogeneous with respect to these variables so
as not to seriously affect mortality comparisons. Table 4
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summarizes the tests of significance with regard to the
distribution of the variables among the exposure groups
by cities, source of data, and sex.

Maternal Age The nature of this effect is complex but, in
general, infant mortality tends to be J- or U-shaped >
in birth order, or maternal age-specific rates. Table 4
shows that the exposure comparison groups differ signifi-
cantly by maternal age in Hiroshima for females with
Birth Records and for males without Birth Records but
who were identified in the Master File. In general, the
“not-in-city mother” is younger than the “under 4000 m
mother.” A similar tendency was observed in Nagasaki,
though the difference is not statistically significant. It
seemed, however, that maternal age is similarly dis-
tributed by distance among the subjects within 4000 m,
the not-in-city category being the atypical one.

Paternal Age Since maternal and paternal age are corre-
lated, one might expect a significant association of paternal
age with exposure, but no such association was ohserved.

Birth Order Since birth order and maternal age are elbsely
correlated, a significant association of birth order and
exposure would be expected. This was the case, in
general, the proportion of higher order births heing less
in the not-in-city group than in the subjects within 4000 m.
Significant birth order differences were observed for
“Birth Record” and “Master File,” but only in Hiroshima
females.

Birthweight Infant mortality is higher under 2500¢g, is
low from 2500-3000g, and then increases slightly as
birthweight increases.'?!3 Thus, if birthweight varied
by exposure group, differences in mortality might arise.
Birthweights appear to vary by distance from hypocenter
with 0-1499 m subjects tending toward lighter birthweights
and the not-in-city group toward heavier births. Signifi-
cant variations by distance categories were only seen
among Hiroshima females in the Birth-Record-based
sample and in the combined samples. But, in all compari-
sons the differences were small between the expected
numbers and the observed numbers of births in a given
500 g weight range for each distance category, based
upon the proportionate distributions of births by weight
for the combined distance experiences. The maximum
differences (observed minus expected) for each distance
category are shown in Table 5.

Socioeconomic Factors Infant mortality is higher in the
lower socioeconomic classes of Japan.!* Numbers of mats
per person, food expenditures, and consumption of dietary
staples i.e. fish, meat, eggs, and milk do not differ in
any consistent fashion among the exposure comparison
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TABLE 4 SUMMARY OF X ? COMPARISONS OF THE DISTRIBUTION OF CONCOMITANT VARIABLES
AMONG EXPOSURE GROUPS

#4 BERVNEEZHOGHOX? BEDESH

Variables City Birth Record #HE35 Master File 4 #® 1960 Census %M & Total &
£ = % Male % Female ¥ Male # Female % Male & Female % Male 3 Female
Maternal age BHEOER H . *e . 5 £ s 3 .
N g,
Paternal age L8O EK H n
N - =
Birth order 4 ME{Y H i a L 3 = i =
N .
Birthweight % EF &6 H i =
N = 2
Mother's residence at birth H » e _ : 5 . e =
ik o B o £ A N L s . E . . . =
Mother's current residence H e - « i = . - =
Mo RIE R N ad r . 5 2 » .
Current survival status of parents H - - » . E = . =
o B o ESE N = = ke 5 .
Type of schooling Father % H - - . .-
Ed S N - = 3 L
Mother & H . = - E - r - =
N -
Industry Father % H - - a = S = ae .
R N ) i
Mother 8 H = - . .
N = 5 R
Occupation Father ¥ H - e i = < Py =
BE N . = " "
Mother H - - . . . .
N = E
Number of mats per person H - i .
TASEY0EY N . *
Food costs per person per month H -
1hHO L ASENDER N - - - ”
Eating habit Fish ## H . " _
frEm N 3 *
Meat &R H - * 2 =
N . N B
Eggs B H . } . . )
N . - . .
Milk #+# H . - 3 = 3
N - = . >
-Not significant = 01001 * 0501 H-Hiroshima N: Nagasaki
HETLEw ne Boag



groups. However, the mother’s residence, current survival
status of parents, paternal occupation and schooling
distributions differ significantly by distance. Such tendency
was particularly significant in “Birth Record” cases in
the Hiroshima sample. Compared with the nonexposed,
relatively fewer exposed mothers resided outside Hiroshima
or Nagasaki City both at time of birth of the subject and
currently. Exposed parents had less education than the
nonexposed, and among exposed fathers professionals and
managers are relatively fewer than among the nonexposed.
Relatively more children with one or both parents dead
were observed in the exposed than in the nonexposed.
On the other hand, the distance categories within 4000 m
were similar when compared by these socioeconomic vari-
ables.

In general, these differences in distribution of concomitant
variables are such as to inflate mortality rates in the
exposed as compared with the nonexposed. However,
it is emphasized that there was no apparent difference in
distribution of these variables among distance subdivisions
of the exposed group. -

Relationship of Mortality to Exposure Total Deaths(all
causes) Total 18-year mortality in the five comparison
groups. i.e. those whose mothers were at distances of
<1500 m, 1500-1999m, 2000-2999 m, 3000-3999 m, and
not-in-city ATB was examined by city, source of data and
sex (Table 6). Mortality does not differ significantly
between the exposure comparison groups, by source of
material, city, and sex with one exception; in Nagasaki
males with Birth Records, mortality of those exposed
within 1500 m is the highest of the five comparison groups.
The mortality in the “1960 Census” portion of the sample
is significantly lower than in the other two sources, “Birth
Record” and "Master File.” This is because mortality in
the “1960 Census” group was available only after 1960,
for 4 years at the longest, while mortality in "Birth Record”
subjects was available from birth. Since the dates of
entry to the ABCC Master File registration differ, the
duration of follow-up on mortality for the “Master File”
portion is somewhat vague and shorter than the follow-up
available for the “Birth Record” portion. It is obvious,
therefore, that “Birth Record"” is best among these three
sources of material from the standpoint of duration of
follow-up, and since “Birth Record™ comprises the majority
(70%) of the total sample, it is better to concentrate the
mortality analysis to the “Birth Record” group. The
advantage of this restriction, elimination of the possible
bias in mortality, should more than compensate for the
disadvantage of reducing the sample size. Thus the

following analysis is confined to subjects known through
the Birth Record.

——
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TABLE 5 MAXIMUM BIRTHWEIGHT DIFFERENCES. OBSERVED MINUS EXPECTED, BY EXPOSURE GROUP
£5  WVERERGoR, BEH - RN MR

City Sex Not-in -city
e % 0-1499m 15001999 20002999  3000-3999 S
Hiroshima  Male % _5.3 +11.5 £2.9 4.8 +9.3
L& Female # ~7.9 +7.2 +8.8 ~5.0 0.3
Total d —10.8 —15:3 +11.0 =71 +18.7
Nagasaki Male 3 +2.9 +3.2 +2.4 +1.5 +4.3
sy Female % 0.7 +1.6 _2.4 2.9 +2.2
Total 3F +3.1 +1.6 —4.0 ~1.9 £6.7

TABLE 6 18-YEAR DEATH RATES /1000 BY EXPOSURE GROUP AND SOURCE
#6 BEEOFECE(1000AH2-0): e, YFREN

R Total Birth record Master File 1960 Census
Epanuce grom it mERE EELR 1960 FHB &
" Male B Female &£ Male £ Female & Male® Femaled Male¥ Female &
Hiroshima LE
0-1499m Rate JEC¥ 126.4 111.1 160.3 141.8 87.0 120.0 0 0
Deaths sE2t 23 Y22 21 19 2 3 0
1500-1999 Rate S ECH 1075 704 112.8 88.9 153.8 80.0 37.0 0
Deaths FECE 20 14 15 12 4 2 1 ]
2000-2999  Rate JECF 1243 110.0 150.4 147.1 120.0 87.0 0 0
Deaths #EC % 23 22 20 20 3 2 0 0
30004 Rate FELC#F 153.0 69.0 175.6 B8.2 200.0 76.9 0 0
Deaths # 8 28 14 23 12 5 2 0 0
Notsin-city  Rate JECF 707 73.0 94.0 105.8 34.5 18.2 0 0
ili N A A Deaths 7L % 27 30 25 29 2 1 0 0
Total it Rate JEL# 108.2 84.2 131.0 112.9 101.9 64.9 6.0
Deaths #Er-gr 121 102 104 92 16 10 1
X2 = test fitil *
Nagasaki E &
0-1499m Rate FELHE 324.3 114.3 370.4 107.1 1000.0 260.0 1] 0
Deaths #ECE 12 4 10 3 2 1 0 0
1500-1999 Rate JECH 625 117.6 38.5 142.9 500.0 0 0 0
Deaths S8 2 4 1 4 1 0 0 0
2000-2999  Rate FELCH 1892 111.1 2222 107.1 500.0 200.0 0 0
Deaths JEC#% 7 4 6 3 1 1 0 0
3000+ Rate J¥EL® 57.1 142.9 741 142.9 0 250.0 0 0
Deaths fEC-8 2 5 2 4 0 1 0 1]
Not-incity Rate JEC# 1757 2222 185.2 250.0 750.0 200.0 0 0
T Deaths & 13 16 10 14 3 2 0 0
Total @ Rate FECH 1674 155.7 180.1 166.7 636.4 192.3 0 0
Deaths 8 36 33 29 28 7 5 0 ]
X7 —test MiE * %
*.05-.01



Age-specific Death Rate Since the koseki check to ascertain
death began in July 1964, the duration of follow-up from
birth is 18 years.

Death rates per 1000 for each age within cities, sexes
and the five exposure comparison groups are presented
in Table 7. For each row, the significance of the differ-
ence between observed number of deaths and number
expected on the basis of random distribution by exposure
has been tested by x2.
no particular tendency in mortality between the exposure

Few significant differences and

comparison groups was observed at each age. For instance,
among the five exposure comparisen groups, infant mortality
in the group exposed within 1500 m is the highest, but
not significantly so, in two out of four comparisons (2 cities
by 2 sexes). Even with both cities and both sexes com-
the difference in
mortality is not significant. One might expect that radiation
effects on mortality, if they exist, should appear in the
early years particularly in infants under 1 year of age.

bined to increase the sample size,

Under 1 year of age, month of age-specific death rates
do not show any difference between the five exposure
comparison groups.

Cause of Death In view of the aforementioned lack of
differences in total and age-specific death rates, it seemed
unlikely that analysis of cause of death would be particu-

larly revealing. However an analysis was performed.

“vital statistics”
portion of the death certificate which is kept at the public

Cause of death was obtained from the
health centers. Copies of these records were ohtained
through JNIH. Unfortunately the “vital statisties” portion
of the death certificate is not always kept for a long time
in the public health centers. Since a majority of the
deaths occurred in the early vears, in many instances the
“vital statistics” portion of the death certificate was not
available, i.e. 81 out of 196 deaths in Hiroshima and 1 out
of 57 deaths in Nagasaki. It should he noted that this
could reduce the accuracy of the analysis of cause of death
in Hiroshima. The degree of inaccuracy introduced by the
failure to obtain death certificates for one-third of the
known deaths was surprisingly low (Table 8). The cause-
specific mortality ratios for the in-utero sample and for all
Even
diseases of the newborn, the cause of death most likely
to be underreported in the ABCC experience, failed to

of Japan for the study years are remarkably alike.

show more than a possible slight deficiency when compared
with the data for Japan; 22.4% and 24.5% respectively.
Table 9 shows the 18-vear death rates per 100,000 sub-
jects for each major category of cause of death, by city,
and exposure comparison group with sexes comhined. No
significant difference in mortality among the exposure
comparison groups was observed in each of 15 major
categories of cause of death.
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TABLE 8 CAUSE OF DEATH MORTALITY RATIOS (PERCENT OF TOTAL DEATHS WITH CAUSE KNOWN)
IN UTERO SAMPLE AND ALL JAPAN*

#£8 BAEBRLICEAARIZE T AWEABFECI (FEE oS L 2B CHloE s E)
- Cause of death ABCC Il'i L:E‘cl'{) All Japan
5 ; sample A
L apcepmmmr  C0F
001-138 Infectious diseases LW 16.5 16.6
140239 Neoplasms ekl 1.2 1.0
240-289  Allergy and nutrition FLAE—(EEEE CRROED 0.6 2.5
290-299 Blood disease M & U S o R 6.5 3.4
300.398 Nervous system, sense organs fR&£%, HHEHEE 0.0 1.1
400-468 Circulatory system WREREL 12.4 17.6
470-627 Respiratory system I T 5 5 45 20 26.5 g i
R30-587 Digestive system ER = 2.4 1.5
590637 Genito-urinary system IR #3 i 8 0.0 <{.05
690-716 Skin P A 1.2 0.6
T20-749 Bones A 0.0 0.2
750-759 Congenital Malformations e K A 0.0 2.5
TH0-776 Diseases of new-born RO EE 22.4 245
TRO-TH5 Il-defined conditions i W 75 W HE 4.1 3.5
800-999 Accidents LS 6.5 7.8

*Hased upon cause-specific deaths under 10 years of age in 1950 and™10-19 years of age in 1960,
1950 F I0RELLF & & (F1960 10 - 9B mIER ML 12 %7 ¢ .

**Includes only deaths for which death certificates were obtained.
EEBEMMAREREECHOAE S,

Month of Birth Tt is commonly said that in-utero children
are more sensitive to radiation early in pregnancy as
compared with the later stages. One might expect a
radiation effect on mortality, if it exists, to appear in the
first trimester of pregnancy. Table 10 gives the 18-year
death rates per 1000 subjects by month of birth, city, and
exposure comparison group, with sexes combined. In 2
out of 20 comparisons, significant differences in mortality
among the exposure comparison groups were observed. In
one of these two comparisons, August 1945 births, mor-
tality in the exposed within 1500 m is the highest among
the five exposure comparison groups. This number of
significant differences could occur by chance alone. In
order to make the sample size larger, the months of birth
were combined into trimesters of gestation,i.e., 1st tri-
mester: February - May 1946, 2nd trimester: November
1945 - January 1946 and 3rd trimester: August-October
1945, Table 11 shows order of magnitude of mortality
by trimester for the five exposure groups by city and sex.
No consistent pattern of ranked death rates for the tri-
mesters can be seen.

Maternal, Paternal Age, Birth Order and Birth Weight Spe-
cifie Death Rate As already mentioned, the concomitant
variables such as maternal age, birth order and certain
socioeconomic factors are dissimilarly distributed within
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TABLE 9 CAUSE-SPECIFIC 18-YEAR DEATH RATES/100,000 BY EXPOSURE GROUP

#£9 BEMOFEEMFECE (100,000 %7220 ) EESHEH
b T, Male % Female i
5 No_t-lu- Nat-in-
Total  0-1499  1500-  2000-  3000- city Total  0-1499  1500-  2000-  3000- city
i m 1999 2995 3099 - it mo1999 2099 3999
Hiroshima g
001-138  Infectious disease Rate JELCH 15113 3053.4 0 15038 30834 7519 981.6 14925 14816 1470.6  735.3  365.0
1 e Deaths ¥ 8 12 4 0 2 1 2 8 2 2 2 1 1
140-238  Neoplasms Rate FECE 0 0 0 0 0] 0 2454  746.3 [ 735.3 o 0
FEEW Deaths JEC 8 2 1 1
240-289  Allergy and nutrition Rate JEC¥ 1250 7634 0 o 0 0 0 0 ] ] 0 0
;;;;;5*5' Deaths JEC % 1 1
300-398 Nervous system, sense organs Rate FEC# 7557 1526.7 0 751.9 15267 3759 4908 746.3 [ 735.3 7353 3650
NEER, RS Deaths JEC8 6 2 L] 1 : | 1 4 1 1 1 1
470527  Respiratory system Rate ¥ECE 6297 15038 7519 7634 3759 981.6 0 1481.5 22059 14706  365.0
o & & Desths L8t 5 2 1 1 1 8 2 3 2 1
530-587  Digestive system Rate #LC# 26448 7634 7509 45113 61069 18797 14724 7463 14815 3676.5 22059  365.0
WL R Deaths S8 21 1 1 B 8 5 12 1 2 5 3 1
590-637  Genitowurinary system Rate JEC# 2519 0 i 7519 7634 il 245.4 7463 0 o 0 365.0
TEI B Deaths R 2 . 1 1 2 1 1
690716 Skin Rate JECH 1259  768.4 i i i i 122.7 0 1] i il 365,0
L] Deaths %8 1 ' 1 |
760776  Disease of new-born Rate FEC# 12594 7634 7519 3759.4 7634 7519  858.9 7463 7407 2205.9 1470.6 0
LA Deaths JECEC 10 1 I 5 1 2 7 1 1 3 2
780795  li-defined conditions Rate JECCH# 2519 0 0 0 15267 0 368.1 0 740.7 7353 7353 [
BELTMELEK Deaths ("% 2 2 3 | 1 i
800999  Accidents Rue FECE 6207 0 1503.8 0 0 1127.8 368.1 T746.3 0 735.3 0 365.0
K Deaths 2 5 2 3 3 1 1 1
Cause unknown * ¥ F FE &% 39 1 9 4 4 1" 42 11 4 3 2 22
Total deaths ElEn 104 21 15 20 23 25 92 19 12 20 12 29
Total subjects HEEER 794 131 133 133 131 266 815 134 135 136 136 274
Nagasski £8
001-138  Infectious discase Rawe JELCH 24845 0 0 37037 0 5556.6 2381.0 35714 0 0 0 53571
) Deaths #1584 1 3 1 1 3
300-398  Nervous system, sense organs  Rate  JECC# 6210 47087 ] 0 ] ] i ] 1] 1] 0 ]
MR G Death FECTEC L 1
470-527  Respiratory system Rate  JELC# 3105.6  7407.4 0 37037 0 87037  1785.7 0 0 0 0 B6357.1
I W 55 Deaths #ELC8 5 2 1 2 3 3
530-587 Digestive system Rate FECF 24845 0 0 37033 0 5555.6 47619 0 71429 3571.4 35714 71429
BB Deaths SEC % 4 1 3 8 2 1 1 4
750759  Congenital Malformation Rate HCE 9 0 0 0 0 o 5952 0 0 0 0 17857
L Deaths FEC & 1 1
760-776 Diseases of new-born Rate SEC# 68323 143148 38462 74074 74074 37037 59524 71429 TI429 71429 71429 35714
FiRome Deaths -8 11 s ! 2 2 2 10 2 2 2 2 2
780795  Illdefined conditions Rate FEC# 12422 37037 0 37037 0 0 0 0 0 0 0 0
BEETHECER Deaths -2 2 . 1
BOO-999  Accidents Rate FECC# 12422 74074 0 0 [} 0 595.2 0 0 0 0 1785.7
L Deaths 080 2 2 1 1
Cause unknown * $E |8 4 0§ 8 L} 0 L ] 1] 1] 1 L] 0 0 1 0
Total deaths ey 29 10 1 6 2 10 28 ] 4 3 4 14
Total subjects  1f & &4 % 161 27 26 27 27 54 168 28 28 28 28 56

*Death certificate not obtained
RCBEWAFAFENTO L0,
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each of the five exposure comparison groups and the differ-
ences are such as might lead to an inflation of mortality
rates in the group within 4000 m. Since these concomitant
variables are associated with each other, complete control
of such bias is difficult. However, as one of the ways to
eliminate the effect of such bias in the analysis, mortality
comparisons are presented within a specific category of
each concomitant variable. Table 12 sets forth 18-year
death rates per 1000 subjects for five specific categories
of maternal age by city and comparison group, sexes
combined. In 1 of the 10 comparisons, the mortality
differs significantly between the exposure comparison
groups: Hiroshima, age 25-29 years, where there were
no deaths in either the 0-1500 m or the not-in-city groups.
Mortality specific for paternal age, birth order, and birth
weight are shown in Tables 13-15. Again, one significant
difference in mortality was observed among the exposure
comparison groups but the comparison was not consistent
with an exposure effect.

LHEBTH—ZGHLTHELT, T0ERII00mEKHE
OEBBLCSTIRCHEB I3 MWL T VLS.
SnonEARTE, AECEELTVwE DS, 20k
LB EtIHICEBYSE3EETSLS. LALE
5, BRiFIZsnTioki4®hoEFaehitash
FEOVEQELT, AMAKFOBERTAOIECER
BRI A 5 2 K120, fEiE L BN o RO
W 5 2 O8RE K7zt + 5100044 72 0 O 18ER @
HicfhitoCEzR LA VokEn s, 1ookt
21z 0T, RO REA725 — 2988 0 IR B ©
FECHIZHEEN S 1F, ZOEHTRBOmERD
B, $-EERBOWThI L ECH Iz o720 £13-
1512, ABoFER, HEWME L FIRESFERN 0T

HEFRLE. BEBENLC, BCEoHEEN—HDHILC
BLTEBSALEY, TOEOEMIZEREE -1 -5
L&w.

TABLE 10 18-YEAR DEATH RATES/1000 BY BIRTH MONTH AND EXPOSURE GROUPS
BIRTH RECORD WITH OR WWT‘[OUT OTHER SOURCES

£10 HEBRH L UHBENOIBEMECHE (1000A Y A0 ) =t s2 (LOBEHECZEEAA2L0LE5T)
o Hiroshima o & Nagasaki faf
Moath of Birth Total Not-in- Total Not-in-
mER g 0-1499m 1500  2000-  3000- city 5  0-1499m 1500-  2000.  3000- city
1999 2999 3999 LR 1999 2999 3999 mmEs
1945
August  Rate 5ECE 137.0° 3333 667 1429 526  89.3  186.0  375.0 0 125.0 0 250.0
84 Subjects #R#% 145 27 15 28 19 56 13 8 3 8 8 16
September Rate %% 117.2 2174 833 1667 769  83.3 2308 5000 0 0 0 500.0
aH Subjects R & 145 23 24 24 26 48 13 2 3 2 2 4
October  Rate fEC# 136.6 1154 1429 1852 1923 926  129.0  200.0 0 200.0  200.0  100.0
1071 Subjects %tk 161 26 28 27 26 54 31 5 6 5 5 10
November Rate JEC-4: 100.0**  55.6 2667  166.7 385 0 241.4 0 0 200.0 4000  400.0
R Subjects @4z 130 18 30 18 26 38 29 5 4 5 5 10
December Rate (-4 129.0 76.9 714 1154  260.9 134.6  282.1 8333 3333  333.3  166.7  250.0
;225 Subjects H& &% 155 26 28 26 23 52 39 6 9 6 6 12
January Rate #-% 106.0 114.8 33.9 129.0 190.5 96.0 200.0 400.0 0 400.0 0 200.0
1A Subjects :g a8t 349 61 59 62 42 125 30 5 5 5 5 10
February Rate 0% 131.0 52.6 1351 157.9 1463 1467  169.2 3636  90.9 100.0 909 1818
ZhR Subjects @A 229 38 37 38 11 75 65 1 1 10 1 22
March  Rate #C# 1404 2759 1034 1379  90.9 1207  100.0 0 0 0 3333 166.7
8 Subjects gz 178 29 20 29 33 58 20 3 4 3 6
April Rate s # 81.4 250.0 0 83.3 40.0 83.3 75.0 0 0 1429 0 142.9
L Subjects @ #xn 86 12 13 12 25 24 40 7 5 7 14
May Rate it 161.3 0 0 400.0 3333 1000 1053 0 250.0 0 0 166.7
»H Subjects ti% g 31 5 5 5 6 10 19 3 4 3 3 6
Total # Subjects H&#i 1609 265 268 269 267 540 329 55 54 55 55 110

Significant at * 5%, and ** 1% level it *seunrv™oy%
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TABLE 11 ORDER OF MORTALITY* AS TO EXPOSURE GROUP AND TRIMESTER
BIRTH RECORD WITH OR WITHOUT OTHER SOURCES

| £ll WORTE LIRRMB O CHEAT— P RGO s 2B (hoBECEEh2 b0 L &1

City Sex Trimester Exposure growp  HRE
o % o Not-in-city
ifi 1 1 YL 4 16 01499 m 1500-1999  2000-2999  3000-3999  otin-city
ifi A A
Hiroshima  Male n 1 1 4 3 2 5
e 2 4 3 2 1 5
3 1 3 2 1 5
Female % 1 3 4 1 5 2
2 4.5 3 4.5 1 2
3 1 4 2 3 5
3 14.5 21 14.5 16 24
N 6 6 6 6 6
Mean i 2.4 3.5 2.4 2.7 4
Nagasaki Male o1 1 4.5 2.5 4.5 2.5
Fe 2 1.5 5 1.5
3 3 4.5 2 4.5 1
Female # 1 3 3 5 3 1
2 4 2 3.5 35 1
3 3 5 3 3 1
x 15.5 24.0 17.5 22.5 9.5
N 6 6 6 6 6
Mean ‘Ei 2.6 4.0 2.9 3.8 1.6

*Ranked 1.2,3,4,5: Highest to lowest mortality FECEER A RmO 1 o iE0 b £ T2 L &

TABLE 12 18-YEAR DEATH RATES /1000 BY MATERNAL AGE AT BIRTH AND EXFOSURE GROUPS
BIRTH RECORD WITH OR WITHOUT OTHER SOURCES

12 WEROBHEO SRS OISR OIS EROFECE (1000A %5 0 ) — HEiiED & 5 B
(k&R RIzEzhssnigh)

Hiroshima &% Nagasaki Rk
Maternal Age Not-in- Not-in-
B O W Total  0-1499m 1500  2000- 3000- ity Total 0-149%m 1500-  2000- 3000- eity
# 1999 29949 3999 e it 1999 2999 3999 A
25-29T  Rate A 131.6* 1] 90.9 166.7 600.0 1] 157.9  166.7 ] 500.0 a 333.3
Subjects @ &4 4 38 5 11 6 5 11 14 G 5 2 3 3
30-34 Rate BEL 122.7 121.6 97.6 166.7 115.4 118.4 205.1  285.7 250.0 142.9 62.5 269.2
Subjects @ &8 432 T4 82 72 52 152 78 14 ] 14 16 26
35-39 Rate b 116.1 142.9 h8.8 1324 151.2 104.0 159.1  250.0 71.4 ] 153.8 210.5
Subjects & # & 465 70 68 68 a6 173 88 12 14 11 13 a8
40-44 Rate F$ 118.5 178.6 1698 1000 120.7 80.9 137.0 #3.3 i 384.6 125.0 111.1
Subjects ¥ ®EH 363 56 53 60 58 136 73 12 13 13 8 27
45+ Rate FEL 4 129.4 183.3 92.6 180.5 0.9 90.9 197.2  363.6 142.9 66.7 133.3 312.s
Subjects #f ## 2 309 G0 54 63 66 66 71 11 14 15 15 16
Unknown {8 Subjects & & # & 2 1] 1 i] 1] B 1] 0 ] 0 1] i]
! Total & Subjects #f & #1609 265 268 269 267 540 329 b 54 55 5153 1160
|‘ *Significant at 5% level , HE KA 5 %
+There is no subject whose maternal age is under 25,
HMOERFEEL PO L oL L,
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TABLE 13 18-YEAR DEATH RATES /1000 BY PATERNAL AGE AT BIRTH AND EXPOSURE GROUPS
BIRTH RECORD WITH OR WITHOUT OTHER SOURCES

£13 WEROGEROERS L UEBRENOIBEROIECE (1000 AN 4 0 ) —HE L0 5 55
(boERBFEI-EEN23E0L510)
Hiroshima L5 Nagasaki f& #§
Paternal Age Total Notin-  Total Not-in-
CBROERB it 0-1499m 1500- 2000-  3000- ity 3 0-1499m 1500-  2000- 3000- city
1999 2999 3999 H AT 1999 2999 3999 HETE
25-2917 Rate RCE 0 0 0 ] 0 0 0 0 0 0 0 0
Subjects HR#% 2 1] | 0 0 1 4 0 2 0 1 1
30-34 Rate K& 129.6 181.8 0 1429 285.7 100.0 214.3 2500 0 o 0 285.7
Subjects HR s 54 11 9 7 7 20 14 4 1] 1] 3 7
35-39 Rate HCH® 122.6 169.5 93.8 127.3 145.5 103.2 194.0 166.7 285.7 125.0 90.9 285.7
Subjects MR s 359 59 64 55 55 126 67 12 7 16 11 21
4044 Rate KL ¥ 129.5 161.8 129.4 161.8 144.7 97.7 164.9 3158 66.7 76.9 200.0 142.9
Subjects HR &R 471 68 85 68 76 174 97 19 15 13 15 35
45+ Rate LXK 115.0 133.9 83.3 151.1 108.5 100.5 170.1 200.0 66.7 230.8 80.0 239.1
Subjects HRER 722 127 108 139 129 219 147 20 30 26 25 46
Unknown £ Subjects »& & 1 0 1 0 0 0 0 0 0 0 0 0
Total it Subjects @z 1609 265 268 269 267 540 329 55 54 55 55 110
4+ There is no subject whose father's age is under 25.
LEOFRYSRILTFOLENL L,
TABLE 14 18-YEAR DEATH RATES /1000 BY BIRTH ORDER AND EXPOSURE GROUPS
BIRTH RECORD WITH OR WITHOUT OTHER SOURCES
#Fl O BERG S & CERERNOIBEROIECE (10004 =0 ) — W EREO H 5B
(hnEHE-CEEh2608810)
Hiroshima [HE Nagasaki £
Birth order Not-in- Not-in-
Wt I Tatal 0-1499m {ggg gggg E‘éggg city Total  0-1499m ll.ggg gggg gggg city
it TN AE it iR
1 Rate FEL 88.0 151.9 60.6 72.7 113.2 57.4 1256.0 76.9 181.8 117.6 62.5 173.9
Subjects H& i 375 79 66 55 53 122 80 13 11 17 16 23
2 Rate HEH 1146 1224 130.4 120.7  94.3 108.3 72.7  200.0 0 250.0 0 52.6
Subjects H&H& 349 49 69 58 53 120 55 10 10 4 12 19
3 Rate #1119 2051 50.0 171.4 142.9 65.4 145.8  400.0 0 0 166.7 166.7
Subjects H®#H 277 39 40 35 56 107 48 10 9 11 6 12
4 Rate A 86.3  80.0 103.4 97.6 88.2 735 71.4 166.7 100.0 142.9 0 0
Subjects HR#EH 197 25 29 41 34 68 42 6 10 7 6 13
5 Rate EC#® 94.8 87.0 133.3 50.0  166.7 58.8  200.0 0 2000 222.2 2857
Subjects H&EH 116 23 15 20 24 34 25 2 2 5 9 7
6+ Rate L 838 385 B3.7 78.9  108.1 96.8 190.5 142.9 1111 2500 2000 230.8
Subjects HRE®X 167 26 35 38 37 3 42 7 9 8 5 13
Unknown #:% Subjects H@ &8 128 24 14 22 10 58 37 7 3 3 1 23
Total 3t Subjects HRER 1609 265 268 269 267 540 329 55 54 55 55 110
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TABLE 15 18-YEAR DEATH RATES /1000 BY BIRTHWEIGHT AND EXPOSURE GROUPS
BIRTH RECORD WITH OR WITHOUT OTHER SOURCES

£15 HAEREES EUCHBHENOIBEMOEC R (100020 —BEilsgn s o0

(fhoEREI-EFEh2L 08 5)

Hiroshima 15 % Naga_sa;ki Fog
Birthweight -
Hi A Not-in- : ~ Not-in-
p o v S+ ¢ A+ T+ S 1+
it 9399 mwre AR A B
<2000 Rate FELC# 83.3 0 0 333.3 0 0 0 0 0 0 0
Subjects tIEHEH 24 11 3 6 2 2 5 0 1 1 1 2
2000-2499  Rate FELCH 157.9 222.2 166.7 176.5 176.5 69.0 90.9  250.0 0 0 0 125.0
Subjects A S EE 114 27 24 17 17 29 22 4 2 4 4 8
2500-2999  Rate JEC#E 105.6% 1507 70.6 4.1 186.7 76.3 116.7 1] 100.0 83.3 250.0 142.9
Subjects MEHEH 445 73 85 81 75 131 60 12 10 12 12 14
3000-3499  Rate FELost T6.8 69.3 101.7 96.5 T4.4 60.2 131.6  136.4 35.7 250.0 370 176.5
Subjects H#FHLH T03 101 118 114 121 249 152 22 28 24 27 51
3500-3999  Rate FELEE 44.2 153.8 0 0] 41.7 47.6 125.00  500.0 142.9 125.0 0 0
Subjects M &HE 113 13 17 17 24 42 32 4 7 8 5 8
4000 + Rate FEL# 40.0 0 ( (] 0 1311 1] 0 0 0 ] 1]
Subjects HM®HH 25 3 5 3 5 9 T 0 1 3 2 1
Unknown 320 Subjects # & &4 185 37 16 31 23 TR a1 13 5 3 4 26
Total §t Subjects [ H &% 1609 265 268 . 259 267 540 329 55 54 55 53 110
*Significant at 3% level. @ RE 5% ) i
DISCUSSION £ =
Significant relationship of mortality in in-utero children HEBI8TEMOEBHES T EL S O E
by distance from the hypocenter with 18 yvears follow-up AEBAOECELOMIZHEZMEEZ LA+ 5
after birth was not demonstrated. This is not attributable TEAA LI, A, &E:C"-f“— ER I 1 = i
to the concealing effects of such concomitant variables A RIET WSO R, VENES E 2 s gEmEA f )
as parental age, birth order, or sociveconomic factors E3 MR FCE T REBWEEA A BTES .,
which also affect mortality, especially infant mortality. i, BRUMOISEN AR S LA oG EREOEE
This study of mortal'ity during 1':he first 1'8 years.nf life A &@JEE&)}JUJ&LL.—‘ DE LK
dcu?s not apply to d]_ffm:ences in mortality by distance aak BNE AR EELAEE, CHLAME =5
which may occur later in life. [t should be noted, however, B 9 : 3
that this study covers the early years of life when radiation WAL, BEROPEIRSE LT, B E (RS

effects would be most likely to appear, if they existed. NETHEIEFMBIS T 2HCEBREL TV EHIEH
From this standpoint, perinatal death, stillbirth and neo- BA~sTha, ZORMDG, HBRATHROC (FEE
natal death is important. Only the deaths among live-born FPEUHEROEC) EECHL. L L, FEHEILD
children have been observed since no data are available WTOERA L OT, FEROFECE TEE L2, (L
for stillbirths. Yamazaki et al'' reported that stillbirth GGz AU, FERE O 8IS AT O NG B R (2 e T
occurred more often in the children heavily exposed in HEORNBEERRO A& &: ExpnTwna, LaL,

utero as compared with those lightly exposed. However,

ZHIZRFERORNSEEH L LREFH S, HiE
MBI URCEKEL v L DRET AL 4
WhrFhizs@i a0, £HE L FEELAHENR

the number of subjects was small. Parents sometimes
reported early neonatal deaths as stillbirths, to avoid such
complicated procedures as the submitting of hirth and death

certificates together.  Such misreported cases might occur EREEL LT 4B TR d TR s, Bk
more frequently in subjects in this study because of the con- S U HEOREO D, Zok 2fliE, ZoMEENR
fusion after the A-bomb and the war. Since such cases FElzgudhd Lhgwv., 20k 2, 8o
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might be associated with exposure status of the mother, this
might induce a bias in the analysis. Therefore, negative
findings concerning mortality within 1 year of age by
exposure should be conservatively considered.

Although the cause of death could not be obtained from
death certificates in about one-third of the total deaths,
no relationship of mortality to exposure was observed for
any cause of death.

Miller® observed microcephaly more frequently in the
heavily exposed in utero children. However, the number
of microcephalics was small and there is little likelihood
that microcephaly would be reported as a cause of death.
No deaths were reported. Leukemia incidence in heavily
exposed A-bomb survivors is elevated.!s'® Only two
cases exposed in utero with definite leukemia were found in
the extensive leukemia detection program of ABCC. These
were at distances of 2075m and 9920 m from the hypo-
center ATB. The former is also in the present mortality
sample. With so small numbers no relationship between
leukemia and exposure in utero is suggested.

The exact importance of the present observations depends,
of course, on the estimated mean exposure to radiation
of the various exposure groups. The problem of estimating
individual radiation doses received from the atomic bombs
in Hiroshima and Nagasaki is still troublesome after 20
vears of study.* The so-called T57 Dose Scale, developed
on the basis of the reports of Ritchie and Hurst!? and
Arakawa,'® is based on distance from the hypocenter and
shielding. Individual doses so estimated are considered
accurate only to a factor of 2, i.e., the true dose may be
half or twice the T57D estimate.® One of the uncertainties
stems from the fact that the yield for neither of the two
bombs is accurately known. Efforts to refine dose estimates
are continuing. The T57D estimates are for whole-body
irradiation. The body of the mother provided shielding
for the fetus, and it is possible that dose per unit volume
to the fetus will be less. However because of the high
energy of the radiation, the attenuation factor may be
minor.

Dose estimates are not available for mothers of the subjects
in this study. As an estimation, therefore, the geometric
mean T57D estimates for JNIH-ABCC Life Span Study®
members has been derived for each 100 m zone, and, the
exposed mothers of in-utero subjects in each 100m zone
have been assigned the mean T57D value for that zone.
This is not ideal but it seemed that inaccuracies would
be minor compared to the 150-fold dose variation in
between 700m and 2000 m. The geometric mean dose
thus estimated for “Birth Record” in-utero children was
203.4 rad and 30.4 rad in the exposed group within 1500m
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BIELHEFs3rE Lt voT, RFLoEn %
L6 L93. LEHST, EBREZERLEXRRD
FECOBIBEEZ 20 A La s 20 EIE, B2HLIC
ERTILENFSS.

ERCHOBIFO L OV THCES» KBS AET
Sl TELh LN, BBLECEOMNEE, R
HizowvgdanwZEsnhrs .

Miller & (3, o 15 [ 15 #1920 05 D SHAE o0 B 4765 Lo &
PELE LL, MAROKEL LWL, FERELT
MEFEEZAZAMERIZ LAY 20, AHEIC L
ARCHOBBERLh - 1. BEGBREOHABREESE
RERLTWS.%5.% ABCCOLE&IZHASAHMHEER
HETE, EREBRNCcBFREEZOAS 2 A TR
Rahl. ERBEBR+HAFN20TBnEL0920m TH 5
A, BHEIRENFECHEY Y 7RIV, TWS. O
DEIILFAHSFZhOTLETIES SN, AOMKEBERA
B = O PBIEE TR & N4,

AWK REMRE, L5254, BERWOMLMLSTED
T ERBIIEGENS. KBE X UL 5
LEaTEZTABEAOKMBRHEET S 2 L12, #iEB
HNEORETE, IRARLLTHETSH5.1 Ritchie &
LU Hurst ", Z 5 UFIZ Arakawa ® OB H 1z X T T {E
HEh2ZubR3T5TERE, Bl ERE LY
ERcESuTEESATVLS. #EELEE+0ERD
RERAK2,, E0BRITIEBEFHO 2901 &
WL2fI220353.7 FHEEO0EDE, 2o
FOBRM LARS@RRFEECHBELTwEVI L2 S
BZ,Tws. BREFORELHEBTIENEHIT
WA, BEQLZA, CORECTMEETHEL L
HIEL 62 v, TOTHM RAEEMIE, 284z n+3
LOTHD, BEIHR T 28I 2 -TVADT,
HERICH S 2 EMY 2D 0BRIZEL1ZILE0VTH
529, L2LEHs, BrinF¥F-Rugthd- 20T,
RBEHEI LIPS EDPE LML,

ABENREOO00BE T IEREER LIS
bhiw, LEHF,T, BEL LT, TH-ABCCH&
BERY>TR3 O TI0ml toHBREEMIzNT S
TSTEEOERFFNTFAMEEKS T, #1000 mXMHE I
wiBAERROEBHIZ, ZoXBEOFEY TSTH R
Hut#tiELE ZhaHBEBSCELVA, 700m &
2000m &£ ORI I0FEL LB ROEBIZNT, Z0
HEhEoTHEERLLSEVHEIZZ L wEELLA
A, THEZRG | VA BHEREZIZ>0T, #HELE
B A ) P 2 A5 R 1, IR B 0 1500 m A il 5k 01500 —
199mTld, #h+h203.4rad HLU30.4rad ThHo



| | |

and 1500-1999 m respectively in Hiroshima; for Nagasaki T, KWTit, #h+h360.8rad & 28.6rad TH- 7.
the values are 360.8rad and 28.6rad respectively. The BROPRFEO S AV FIEOTHZ A& LA L.
median rad doses might be more appropriate and these 2O0fE, EBTREFNAFALIT0.4rad s 30.8rad T

are 170.4rad and 30.8rad in Hiroshima, and 301.0 rad
and 30.0rad in Nagasaki. The distance-dose curve shows
that dose is approximately 5rad at 2500 m and falling
rapidly, thus the average dose for those beyond 2000 m

HaT, EMTE, 301.0rad 230.0rad TH 3. S
BlzEp s EtdIc s, BRIEB0m THS rad TH
N, 2 CTRTI20T, WnllETERL~L00

can be considered negligible. However, in view of the 'ifﬁjﬂﬂ:i_&!:.ﬁl_'(- EARELEDNS. LAL, EEL
dosimetry problems mentioned these values are but rough SELEBRMNEOBEN S50 C, s ILEMEAI
approximations. + ¥4,

i L i, Mt IR E L UCHE
Experimental studies on irradiated mammals have resulted MAMNORRI- LML, BEERHCERSLULS

in reduced fetal and postnatal viability, as well as skeletal BOEENORY &L 25T LFRFL, BEHLTFAR
and visceral malformations.'®?' Organs at critical stages SOWREELEZT.YY RAEOELERLH3RER,
of development are highly susceptible to relatively low HEmEWERSEER-S L TEEVESEL L. &
radiation doses. High doses can produce abnormalities WRRIL, REOABRI SO TLRELREALT L

at any stage of development. Doses high enough to
produce developmental abnormalities do not necessarily
cause abortion or prenatal death 2223

HTE5, RAHRABLZRIATBEEOERE, ¥F7LEHK
EHh3VIEHERORCEEZSES EUERS L. 208

Russell?? reported that when mice were irradiated avith Russell ® (z X hif, v 7 RAIZXHB20R(~72ADLDs
. X-ray of 200r (LDsy in mouse is 400r), 16 out of 41 BA00RTHS. ) &, 2% 9 KA CRUL-EL, 41F

irradiated at 9% days postconception had spina bifida at
birth while none of 379 irradiated on other days and none
of 372 controls showed this abnormality. Little attention

P16 il — a HEY S 2, ZOBREZRLE
Lo, t0oP ICBALA3T9FbeTIZIFL L,

is given in the literature to postnatal death of the exposed ELMMEINRHPTLEIRAL A A BAEGRO
to radiation in utero and no animal experiments are compa- HE#OECIZo>0T, LB EAEESAT, Kif
rable with the present study. Wilson2* found, in addition HELWMTE S &9 L i ¥ESEIT 4 v, Wilson 13, i
to skeletal and visceral malformations in irradiated mice GRS & 2 (2w A0 IER AT B £ UG T

fetuses, structural abnormalities in the liver manifested
by absent or reduced hematopoietic activities and associ-
ated with high mortality. Job et al*® mentioned that

OIESEZ, FMOWE LoRFEEEDH-. E6i22h b
ORI E 22 b LA mfEhE - S EIGED

associated findings of anemia, diarrhea, hemorrhagic hitfe. Job H® T kAL, Wi, TR, Siffm, &
tendencies, weight loss and abnormal nervous phenomena Mol &7 & OFSRE WARIE L R o0 YA R0k, T A
seemed to indicate that death was due to direct radiation kA A B o b 0 L R L, BehtieRgt A 2
damage of vital tissues and not due to indirect damage 2R A 6 o MM 2 S R B & O T % .

through the body of the irradiated mother. For human

. - S il |
beings, Murphy et al*® noted pelvic radiation of pregnant ARISDWTIS, Murphy B 13, BROREBOMN

women resulted in a high incidence, 37% (28 of 75 AT 2k 0 PO S Rk L B AT %
children) of mental or physical abnormalities in the (L7 A th28 A ) O BUE T8 b iz £vr 5. MacMahon
offspring. MacMahon?7 reported a higher incidence of VLT RRRAIER o M AR E S b A A X S A S
leukemia and other neoplasms in children whose mothers Lo FkL, IR S £ 7 OO HEmOEER A

were exposed to abdominal or pelvie X-rays during the

BT e eLE. Mi & Hid & 3 -
pregnancy. Miller® reported higher incidence of micro- gl & W Miller ® 3, 3T B M e P9 908 T

cephaly and delay in growth and development among in- &, NREOBHCHEL S URERTOREZZH L.

utero children proximally exposed to the A-bomb. However, Hihg 5" i, Jedif 1250 T2000m Kl TRATRERLL
there is no data for postnatal death except that Yamazaki'! HO8A E4000 -5000m TORANEER > S BESMMN T
et al observed mortality among 98 subjects exposed in BAZHEHEE B AOFCESEEL, 2000m &£

utero within 2000 m with 113 randomly selected comparison i 7 = B
? BRIk, JLREC, RELLUHRE
subjects who had been in utero at 4000-5000 m in Nagasaki. AR X = -

Higher infant mortality, stillbirths and neonatal deaths RECOEFNBOZILEBELTVEHF, %mﬁ%ﬁﬁ
occurred in the group within 2000 m, however, the FPLuRMAHFES. LrL, ThERBVTREROR

e o

numbers are small. 2V TOEBIE LW,
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SUMMARY B 9

Mortality of a cohort of 2800 children in utero at the Gk GRS TRMEEIEA - S - 7~ RE2800A + B8
time of the A-bombs and divisible into five groupsby

mother’s exposure status was observed in Hiroshima and

DHEBIRE LS TIHIESLTZORCELZRE

Nagasaki. L=

No significant relationship between mortality and exposure HEOERSSE LA v, S#HISEHORETH,
was observed over 18 years observation for any specific

age or any cause of death. FECELBERLoM-ABLIMEEIRD AL & 5 1.
Though the comparison groups differ with respect to FRCI-HEL RIFTREBLUNOB T, HItBROFH
certain extraneous sources of variation in mortality, )

notably, mother’s age, and birth order, the failure to EEUHERMIIDVTI, KMBICBEN S5 L5,

observe significant differences in mortality among the
exposure groups is not attributable to the existence of

BABLIECEOHBEF BN 22 EE, &

this concomitant variation. OHEEFOL-OTIRREVEVLS.
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