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PREFACE

This report, one of a series of comparable broad analyses,
presents a segment of data from a continuing binational
epidemiologic investigation. The research protocol was
jointly authorized under agreements signed by the Directors
of Japanese National Institute of Health (JNIH)and Atomic
Bomb Casualty Commission (ABCC). The research plan
and texts of the agreements are presented in bilingual
Technical Report 04-59.

Presentation of these periodic analyses of data from the
JNIH-ABCC long-term studies is possible only through
the continuing cooperative research efforts which involved
many former as well as current professional staff members.
The authors of this report were responsible for the present
analysis and interpretation, as well as for the text.

Bilingual presentation was authorized on the basis of
review by the Japanese and American professional staff of
ABCC; and by the Kyogikai jointly appointed by Dr. Keizo
Nakamura, Director of JNIH and Dr. George B. Darling,
Director of ABCC.
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INTRODUCTION

The Life Span Study, conducted jointly by the Japanese
National Institute of Health (JNIH) and the Atomic Bomb
Casualty Commission (ABCC) is a major component
for the integrated research program on the late effects
of the ionizing radiation on the survivors of the atomic
bombings at Hiroshima and Nagasaki in 1945. Details of
the sampling procedures and methods of follow-up have
been published' and are only briefly stated here. The
sample includes nearly 100,000 persons whose names
were found in various censuses and listings in 1950-53,
and contains both survivors at all distances and others
who were not in the cities at the time of the bombings
(ATB). Mortality information is obtained by consulting
the family rosters (koseki*) maintained by municipal offices
under the Japanese Family Registration Law. Cause of
death is obtained from the Japanese Vital Statistics
Schedules. Dosimetry is based on methods developed by
the health physics group at Oak Ridge National Laboratory
(ORNL).*#

In previous reports®® mortality rates were analyzed in
terms of current age. There is however, one difficulty
with such analyses when the period of study is prolonged,
as it is here: That persons of different ages at the be-
ginning of the study have their experience mixed together,
and effects which happen to be present for particular initial
age groups only may become lost to view. Thus, those
aged 10 at the bombings were 15 in 1950 at the initial
point of this study of mortality and were 25 in 1960. In
an analysis by current age, the mortality rate for age 25
is a compound of the experience of those who were 25 in
1950 (or 20 ATB), and so forth up to 1960 (who
were 10 ATB). Since it is not unlikely that late radiation
effects on mortality may depend. even strongly. on age
at irradiation, it seemed desirable to undertake an analysis
which would be controlled on a cohort basis, that is. in
terms of age ATB rather than current attained age.
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in 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 c:sludr is the koseki-ka.



The mortality rates observed within a fixed cohort may
vary with time in a complicated way. Since, as time
passes, the surviving members grow older, mortality rates
will on that account increase, but the rate of increase is
much greater at ages beyond 40 than between ages 10
and 30, when change is minimal. On the other hand, as
is well known, in recent years, particularly since the end
of World War I, mortality rates have declined markedly,
especially because of the great reduction in infectious
disease, notably tuberculosis, as a cause of death. This
reduction has been particularly dramatic among young
persons. Thus mortality rates have been subjected to two
conflicting forces—aging and improved medical care.

These effects are illustrated in Table 1, wherein mor-
tality rates in 1950 and 1955 are shown for cohorts of
fixed age ATB. These calculations are based on the
1950 and 1955 Life Tables for Japan.”’ For those
below age 30 ATB, mortality in 1955 was actually less
than in 1950, and the reduction in infectious disease
death rates evidently more than offset increases in death
rates attributable to increasing age. However, for those
aged 40 or more ATB, death rates increased with.the

passage of time.
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TABLE | AGE COHORT MORTALITY IN 1850 AND 1955 - DEATH RATE /100,000
1 19505 & L F1955E O SE R HI A T 100,000 HFECHE

e Male 5 Female %

E;;;Bgﬂ 1950 1955 Ratio i % 1950 1955 Raio it
Age EB  Rate® Ageff# Rate ¥ Agefi#s Rate ¥ AgeS® Rate #

09 5-14 109 10-19 a0 B267 5-14 95 10-19 72 7579
10-19 15-24 314 20-29 294 9363 15-24 277 20-29 216 798
20-29 25-34 437 30-39 327 JT483 25-34 299 30-39 Z2R5 7143
30-39 35-44 561 40-49 602 1.0731 35-44 495 40-49 450 HUH
40-49 45-54 1073 50-59 1415 1.3187 45-54 204 549 947 1:1779
50-59 5564 2477 6069 3563 1.3484 FGEE 1690 60-69 2299 1.3604
60-69 6574 6170 70-79 2786 1.4240 65.74 4351 70-79 6367 1.4633
70-79 75-84 13468 80-89 18416 1.3674 75-84 10945 80.89 15314 1.3992

SURVIVAL IN RELATION TO DISTANCE

Table 2 shows the proportions of survivers on 30
September 1959 for cohorts defined by 10-year age class
ATB, sex, city, and distance from hypocenter. Five
distance classes are employed: Those within 1400 m
{most of whom had radiation doses ranging from 50 rad
to several hundred rad); those 1400-1999 m (most of whom
had radiation doses less than 50 rad); those 2000-2499 m;
those more than 2500 m but present in one of the cities;
and those not present in the cities. For the three latter

WLRPSOBERFEEFELOMR
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EHENIZL 5. BEEKFGELTHOnkBEN LD (K&
FGOEONZHBRIE0radl) EH 5 KA rad 2 F
£), HOO-19¥mD{ D(% < 1350rad L T), 2000 -

U¥WmO L0, 50mUREOE O, H&CEEBRCHET



TABLE 2 PROPORTION OF SURVIVORS 1 OCTOBER 1950 - 30 SEPTEMBER 1959 BY DISTANCE FROM HYPOCENTER,
AGE ATB, SEX, AND CITY

%2 190F1WH1HA 51995 9HNEHOMI-E T 3EES: BLkro0BmE - BBFER - & - BiH

Distance B2 m

Age Not-in-city

ATB <1400 1400-1999 2000-2499 2500+ fNEwEr b0

RS 15 Number Proportion Number Proportion Number Proportion Number Proportion Number Proportion
- EE " X E- 4 EXE ® EE%E b1 R R
Hiroshima @& Male &

0-9 498 97188 1330 99173 1302 99230 1809 98727 736 98820
10-19 485 96908 1379 98042 012 97480 1861 96453 699 97365
20.29 231 03074 447 .95525 321 96263 669 85964 638 97334
30-39 391 92070 727 93948 493 94523 1113 .93889 652 95983
40-49 522 .8b441 1032 B6T25 735 86395 1539 .B6745 21 89470
50-59 385 74026 760 .76526 611 .T1685 1154 71924 92 78830
60-69 140 47144 390 48461 319 47335 525 46476 30 51032
70+ 31 .22581 81 28395 73 19178 114 .33333 14 17687

Total ¥t 2683 86955 6146 .BR86T 4766 .B7998 8784 .B7829 3132 92036
Nagasaki E& . -

0-19 576 96875 962 98337 1268 97950 1505 97076 1423 98384
20-39 284 .93310 376 .93351 216 94907 654 .93119 661 94705
40-59 255 .80392 501 83034 459 75817 758 82190 690 81884
60+ 23 .39130 81 .4B148 109 .38532 106 .40566 95 41053

Total # 1138 91124 1920 91251 2052 .B9478 3023 90506 2869 91670
Hiroshima K& Female %

0-9 525 98476 1331 .09324 1261 99762 1851 99514 699 99695
10-19 787 98348 1569 98089 1058 98015 2344 97441 586 JOR784
20-29 717 97352 1405 .97650 1024 97363 2118 .97639 607 98706
30-39 624 .95352 1510 L96557 1174 97275 2129 .95913 347 87760
40-49 656 .91920 1369 92038 1042 90975 2021 .92429 166 93985
50:59 346 .82975 841 LBH019 663 84331 1184 .83783 73 82391
6G0-69 172 .5B139 458 61790 379 59102 632 63924 84 62985
704 42 14286 137 30657 140 28571 186 34946 31 31087

Total # 3869 92533 B620 92701 6741 92049 12465 92776 2593 04292
Nagasaki Ei§

0-19 758 97889 742 98213 1099 98366 1326 STT8T 1816 .98463
20-39 387 95866 e 96814 701 96053 808 96853 1079 96754
40-59 175 85714 155 .BBTT5 381 85989 637 86711 532 88497
60+ 42 30952 17 e 55 AB8T6 98 .39333 64 43382

Total 3t 1362 93685 1286 .93238 2236 91969 2869 .93353 3491 94217




groups radiation dose is believed to have been minimal,
probably under five rad at a maximum and. for most
persons, less than one rad. The proportion of survivors,
where necessary, was calculated by the life-table method.

The figures suggest that survival was poorer than aver-
age among those within 1400 m and was better than aver-
age among those not in the cities ATB. Statistical tests
of this impression were made by ranking the survival
rates within each age class. Thus, for Hiroshima males,
aged 0-9 ATB, the group within 1400 m, having the lowest
survival to 1959, is ranked 1 while the group 20002499 m
is ranked 5. In Hiroshima, eight age groups were used,
but in Nagasaki, because of the smaller sample size, only
four age groups could be employed. There were, therefore,
16 age-sex specific rankings for Hiroshima and eight for
Nagasaki. The results are shown in Table 3. It will be
seen that, of the 16 age-sex groups in Hiroshima, in nine
instances those within 1400m had the poorest survival
rate to 1959, and in no instance did they have the best
survival. Ten X7 tests were made, of which three re-
turned significant results, all in Hiroshima: these within
1400 m had significantly low ranks (high mortality)while
those in the zone 1400-1999m and those not in the city
had significantly high ranks (low mortality). Average
rank in Nagasaki tended to parallel that in Hiroshima but,
presumably because of the smaller sample size, failed to
demonstrate statistically significant differences between
the distance classes.

e
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IENEBROBTF225L, 99FFTIZETIEGE
FRETH - M0nmEk@BOBELEL, TLEEEN
BELV0-UVmOFEL5 L LA RETIEEDD
ERBERABOAY, ESTRY Y TAEFAVZVOT
1-o0EBE T EXRVAZ LIz LE. ERE3BLHIS
30T, LBTII6H, RETCEISHIEFENENR
FREBTACLILS. HIMMBEOEREMI T LD
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TABLE 3 RESULTS OF RANK TEST ON AGE-SEX SPECIFIC GROUPS
#3 R IERIBEC o TERE L NG N E 0 RS R

Rank Distance EERE m

Not-in-city

WA <1400 1400-1999

20002499

2500+ i1 IR R F A o A2

Age-sex groups Hiroshima

W — 127
1 9 0 » zmn 3 2
2 4 2 6 4 0
3 2 7 1 4 2
4 1 5 5 3 2
5 0 2 2 2 10
2
X4 ft=a 15.9 9.6 5.8 0.9 19.0
Test g = " NS NS .
Age-sex groups Nagasaki
ER—HRE E g
1 1 0 2 2 0
2 2 1 2 3 0
3 2 1 1 2 2
4 0 3 1 1 3
5 0 3 2 0 3
2 5on
x dfi-4 7.0 45 0.7 3.3 5.8
Test g2 s NS NS NS NS




MORTALITY AND DISTANCE

From the results presented above it seems clear that
mortality has been higher in survivors within 1400 m than
in those at greater distances and, indeed, since it is
known that mortality from leukemia has been high in this
group®® the finding is not unexpected. Figure 1 presents
the nine-year mortality (that is, the complement of the
proportion surviving) by 200 m intervals for those within
2000 m classified by age ATB in 20-year groups, by city
and sex. While, particularly for the younger ages, the
data are subject to considerable sampling variability, there
is a clear impression that for those aged 0-19 ATB, mor-
tality declines with increasing distance. For those 20-39
ATB, a similar trend may exist, but there seems to be
little evidence for distance-related mortality effects for
those aged 40-59 or 60 and over ATB.

MORTALITY AND ESTIMATED DOSE

In Figure 2, mortality has been plotted in relation to
estimated radiation dose for the four age-ATBclasses, sepa-
rately for Hiroshima males and females. The estimated
doses are those designated T57D calculated using ORNL-
supplied attenuation factors for Japanese houses and York's
air dose curves.”?® Limitations on these dose estimates
have been previously discussed.® In order to increase
the amount of information available, data on the ‘reserve’
component of the Life Span Study sample* have been
included. From Figure 2, it seems plain that among
those aged 0-19 ATB mortality during the period 1950-59
is related to estimated radiation dose, in approximately
linear fashion. However, there is little evidence for a
relationship between dose and mortality among those aged
20 or more ATB.

These findings are consistent with the hypothesis that
the young of most species are the most radiation sensitive.

MORTALITY AND ACUTE RADIATION SYMPTOMS

The symptoms of acute radiation injury observed among
the Life Span Study sample members have been discussed
previously.® Briefly, the proportion with symptoms within
1200 m was lower in Nagasaki than in Hiroshima because
much larger numbers of survivors near to the hypocenter
were heavily shielded. However, the proportion with
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* Those who had their honseki in Hiroshima and Nagasaki cities or adjacent areas were eligible for the proper part of the sample and have been
utilized as subjects of the Life Span Study. Those who had their honseki outside of the specified areas, but otherwise eligible, were placed in

the reserve part and are not used as subjects of the Life Span Study.
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symptoms beyond 1200 m was consistently higher in
Nagasaki than in Hiroshima. The highest incidence of
symptoms was observed in the age group 20-39 ATB
and the lowest among persons 60 and over. No remarka-
ble difference was seen in incidence of symptoms between
sexes.

Incidence of Symptoms The various symptoms ap-
peared to be closely related to exposure to A-bomb
radiation. The Joint Commission report® considered
nausea, vomiting, anorexia, epilation, hemorrhage diathe-
ses, oropharyngeal lesions and diarrhea to be acute signs
related to radiation exposure. Some of these, e.g., vomit-
ing or diarrhea, are not specific to radiation injury.
Nevertheless, these were early and significant signs in
persons who received large doses of radiation. For the
Life Span Study, three major symptoms, epilation, hemor-
rhage, and oropharyngeal lesions were coded since these
were regarded as more specific to radiation injury.

Epilation  Epilation is one of the specific signs of
radiation injury and occurs suddenly about 17-21 days
after exposure. It is reported that epilation does not
occur following doses of less than 200rad, although
there is considerable individual variation. The Joint
Commission report showed that 40 % of 20-day survivors
developed epilation. However, no data is available on
the incidence of epilation in relation to age and sex.

Figure 3 shows the incidence of epilation in the
Hiroshima sample in relation to estimated T57D dose.
Epilation is classified in two categories: severe, and
moderate and slight combined. The incidence of epila-
tion was closely related to radiation dose but the nature
of the relationship varied greatly by age group ATB
and sex. The highest incidence for fixed dose occurred
in age group 20-39 and the lowest in age group 60 and
over. The incidence in females was apparently higher
than in males.

Hemorrhage Hemorrhagic diathesis, especially
purpura is considered to be one of the specific acute
radiation signs. Since bleeding due to mechanical injury
ATB is likely to be confused with the radiation syndrome,
there is some doubt regarding the specificity of hemor-
rhage. However, as shown in Figure 4, the incidence
of hemorrhage is a function of radiation dose and the
highest incidence is observed in those aged 20-39 ATB
and the lowest incidence in those aged 60 and over.
Differences in incidence between the sexes are not im-
pressive.
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FIGURE 1 MORTALITY 1950-58, DEATH RATE /100,000 BY AGE ATB, SEX. CITY
AND DISTANCE FROM HYPOCENTER
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FIGURE 2 MORTALITY, PROPER PLUS RESERVE SAMPLE BY AGE SEX AND DOSE
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FIGURE 3 PERCENT WITH EPILATION BY AGE, SEX AND DOSE
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FIGURE 4 PERCENT WITH HEMORRHAGE BY AGE, SEX AND DOSE
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FIGURE 5 PERCENT WITH OROPHARYNGEAL LESIONS BY AGE, SEX AND DOSE
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Oropharyngeal Lesions Oropharyngeal lesions are
usually associated with epilation and purpura. The
Joint Commission reported that of those with neither
epilation nor purpura, only 11% had oropharyngeal
lesions. The characteristics of oropharyngeal lesions
observed in the present sample are the same as those
of the other two acute radiation signs. Incidence is the
highest for ages 20-39 ATB and lowest for ages 60
and over. Differences between the sexes are small

(Figure 5),

Dose - Symptom Relationship  Figure 6 shows the in-
cidence of each of the three major radiation signs plotted
in logarithmic scale against the estimated radiation
dose in arithmetic scale. The relation between symptoms
and radiation dose can be approximated as a straight line
over the dose range 100 to 500 rad.

Mortality and Acute Radiation Imjury The develop-
ment of the signs of acute radiation injury in a sur-
vivor is good presumptive evidence of exposure to a
considerable dose of radiation. However, there are ap-
parently constitutional differences among people, and at
fixed dose acute injury of varying severity develops in
different individuals, and sometimes is not present at all.

FIGURE 6 PERCENT WITH EPILATION, HEMORRHAGE,
OROPHARYNGEAL LESIONS BY DOSE
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It is clearly of great importance to determine whether
differences in susceptibility to acute radiation injury re-
flect similar differences in susceptibility to late effects.
This question can be explored in a preliminary way with
regard to mortality.

The analysis was limited to those who were within
1200 m from the hypocenter ATB. The calculated air
dose at 1200 m, gamma rays and neutrons combined, is
198-440 rad* in Hiroshima and 285-590 rad* in Nagasaki.
Also, survivors for whom dose estimates are available
and whose estimated dose is 250 rad or more in Hiroshima
and 125 rad or more in Nagasaki have been selected for
the analysis. The reason for the difference in dose erite-
ria between Hiroshima and Nagasaki is the much higher
incidence of symptoms in Nagasaki than in Hiroshima at
the same distances reflecting the likelihood that air dose
has been overestimated for Hiroshima or underestimated
for Nagasaki. Because dose estimates are available for
relatively few sample members, it was decided for present
purposes to supplement the Life Span Study sample with
the so-called Reserve Part who have their honseki outside
of Hiroshima and Nagasaki cities and adjacent areas. By
doing so, it was possible to increase the numbers located
near the hypocenter by approximately 25%.

One problem that affects the calculated mortality rates
among persons of known history with regard to radiation
injury is that the histories were being taken during the
time period (1950-59) for which mortality is being measur-
ed. In consequence, persons who died early in the period,
say 1950-55, are quite likely to be of unknown history,
and those of known history are selected for survival.
However, there is no reason to suppose that this bias
significantly affects the relative mortality as between those
who asserted or denied acute symptoms when they were
questioned.

Table 4 shows the relationship between symptoms and
mortality for Hiroshima and Nagasaki survivors within
1200 m. Mortality is compared between those who report-
ed symptoms and those who denied them by sex and age
group ATB. The data are quite suggestive; in each of
the four city-sex groups, for the two age groups less than
39 years of age ATB, mortality appears to have been
higher among those who reported symptoms than among
those who denied them. However, although the analysis
is confined to persons who had fairly high doses of radi-
ation, the average dose is, no doubt, higher in those with
symptoms than in those without. This may produce, in
the younger age groups particularly, a disproportionate
incidence of leukemia in the group with symptoms, which
alone may account for the observed differences.
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TABLE 4 MORTALITY 1950-58 AMONG SURVIVORS <1200m BY SYMPTOM CATEGORY,
AGE ATB, SEX, AND CITY

#4 1200mkiFOEDODIIB0-S9FENFECH: FEROFH B - FIMRFER - 4 - S
Sex e Symptoms present fE4k & 0 Symptoms absent 4k 4 L
# B Number  Mortality Number Mortality
= wox/ 1000 % L #
Hiroshima LB
Male 0-19 243 32 197 5
3 2039 189 58 88 34
40-59 202 133 188 223
60+ 23 478 40 575
Female 0-19 291 17 303 9
£ 20.39 389 38 180 16
4059 233 60 136 125
60+ 28 392 38 631
Nagasaki £
Male 0-19 90 44 130 30
] 20-39 53 132 57 35
40-59 48 .- 145 46 195
60+ 2 500 10 800
Female 0-19 129 31 162 30
% 2039 101 59 7 42
40-59 34 147 43 46
60+ 1 - 13 615
MORTALITY AND SHIELDING FETE &l & O BR

In Table 5 mortality rates are compared between the
non-shielded or lightly shielded group and the heavily
shielded group among those within 1200 m from the hypo-
center. The non-shielded or lightly shielded group in-
cludes: those who were outside without shielding; and
those who were in or behind buildings of simple structure
including Japanese type houses. The heavily shielded
group includes those who were shielded by hills or em-
bankments and sustained no burns and those who were
shielded by concrete buildings or were in air-raid shelters.
Those who had other types of shielding, e.g., brick build-
ings, streetcars, etc., were excluded from analysis. Be-
cause of the relatively small numbers in each cell specific
to city, age group and sex, differences in mortality rates
cannot be detected unless the difference is very marked.
Comparison between the two shielding groups in Table 5

reveals no statistically significant difference. However,
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TABLE 5 MORTALITY 1950-59 AMONG SURVIVORS <1200m BY SHIELDING CATEGORY,
AGE ATB, SEX, AND CITY

£5 1200m%kROEDDI0 - NVEDIECH: BEKR - FBHER - 1 - HH5
Open or light shielding Heavy shielding
Sex Age EEEzCEAR W
e . Number  Mortality /100 P Number Mortality
1 g/ P g/ 100:000
Hiroshima [ B

Male 0-19 366 819 16 s
El 20-39 181 6077 60 1666
4059 275 18545 68 11764
60+ 45 51111 9 55555
Female 019 387 1291 115 1739
% 20-39 428 2570 77 5194
4059 321 7476 12 16666

60+ 56 51785 1 -

Nagasaki & &

Male 0-19 84 4761 126 3968
% 20.39 37 10810 69 5797
4059 43 23255 45 15555
60+ 5 80000 5 80000

Female 019 85 3529 196 2551
£ 20-39 66 7575 99 3030
4059 32 15625 40 5000
60+ 6 = 10 60000

with the exception of Hiroshima females, the mortality
rate in all groups below age 60 ATB is higher in the non-
shielded or lightly shielded group than in the heavily
shielded group. The mortality rate in Hiroshima females
conversely is higher, though only slightly, in the heavily
shielded group than in the non-shielded or lightly shielded
group.

MORTALITY AND BURNS

It has previously been shown® that the presence of burns
seems not to have been associated with subsequent mor-
tality, for all age groups combined. In Table 6 data are
presented for specific age groups which shows that even
on an age-specific basis, differences in mortality between
those with and without burns are small and unsystematic.
Of 32 comparisons, in 18 instances the burned group had
higher mortality and in 14 instances had lower mortality.
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CAUSE OF DEATH

The relationship between cause of death and distance
has been studied, classifying the causes of death into all
natural causes, tuberculosis, leukemia, all malignant neo-
plasms excluding leukemia, and cardio-reno-vascular dis-
eases (Table 7). An overly detailed classification of
causes of death has been avoided because it has been
shown that many specific causes of death are inaccurately
reported on death certificates but that certain broad cause
classes are reasonably reliable.'” Analysis of the possible
effect of large doses of radiation in producing changes in
the distribution of detailed causes of death is clearly im-
portant, but is beyond the reach of a study based on death
certificates alone. Such analysis requires synthesis of
information both from ABCC-JNIH Pathology and Adult
Health studies.

While age-adjusted mortality rates are often employed
in mortality analyses, and have been used in the analysis
of Life Span Study data*® they do have one defect, and
a compensating virtue. The defect is that the experience
of persons of all ages is combined, and, mortality trends
in persons of different ages ATB have been subjected to
quite different forces and if radiation effects on mortality
have been of importance only for, say, young persons,
they may be lost to view when the experience of young
and old is summed as in an age-standardized rate. On
the other hand, small effects which are relatively uniform
with respect to age are more likely to be detected as a
result of analysis of the whole experience rather than by
examination of five age groups each containing but few
deaths. Since no reason exists for becoming committed
either to the position that effects will be confined to
particular age classes or that effects will be small but
uniform by age, it seems appropriate to employ various
methods in different analyses. For the present, therefore,
cumulative mortality by age ATB is employed. The group
not present in the city ATB was excluded from the analy-
sis because of analytic complications; since many were
not brought under observation until 1951 or 1953, cumu-
lative mortality to 1959 would not be comparable with that
of the survivors drawn from the 1950 census.

Age Group (0-19 ATB A very high rate of mortality from
leukemia is clearly observed among the survivors within
1400 m (Table 7). If deaths from leukemia be excluded
from total deaths, no difference remains between rates
for the subsample within 1400 m and those for survivers
at greater distances. Therefore, it can be concluded that
the excessive mortality previously observed in the age
group under 20 years ATB was largely attributable to
leukemia. Mortality from all causes excluding leukemia is
shown:

17

3 H

SEEE LT W, f, ams, amslitoE
HERTES, LM - B - OFRoRBERTIL, I
SOFEE LB LSO ML OMEERI L 2(RT).
FRCZHS -ERLTH2B4s0ECORICE, E¥N
CHFLLEMTR LY, REZMFLLIVTKED
CaEEHVIEX LV OEHREN S EFREEN
TV30T, RAL+BMIGE T LERTL® K
BokEgs* 20 - %Ho#s L 2R /B ICELSF
EF5HERRTE LMo LEETH S A, FEC
ZES0A 1TV BN TR ZOEORBIETAET
H5. MIFIZIEABCC - FHROMBEENFESL L URA
BEBES>COAREEAGTSLENHS.

—BEECEERN T 2SR FTERCEFAVS
TEHEL, BGHEORKICLITERCELZHLTY
3.5 FTERCHELIREFR 3 —-iRAEH3. %
DERBER, PHWIANLOEBRFYEAENATLES S
¢, BRRBICRLIFROANGIENFARL AT
22, HCROEREBLL(RL-TVA. & LFEC
FrHTINHBOREY, REAEEFEEOAIIEXR
Thottas, EREREHECEIEEBRBLESE
EZORBESHDETRTOT, EFEEONHEPELZR
DT EIThHFRZS. )i, FHCEELTY>ENY
—OPELREERIT B0, SERBERICTT
TEFMERCIFEIN L5 EEEREHASLN Y,
CLALEREADLAMFO NV I EL-GETLH
25, MEFYBEOERE Y IRESATVWEED, F
LiEFERN TR EVThELE-THE LV
ARBovwtFhici@on2BlBEsvrs, Btz
AVADHEEMOWANRETCHD, Lt TARET
(RO EMNC RHEIECE 2 Rw A iz L K
BEETR NI WA o 2800, BIF LCR#EYS - 0T
Bez&izlh, Tabb, ZOALXDE (IL1951F %
I3 I s T TIMEOHRE L o e, O
ORED 19594 & T RAFEL 12 1950 4 [H BB W > S8
HehwBgasoRBECH LB TELVWEDTHS.

FEHREBEEB0— 198 MOmEMoERE CHNBEC
HAERCROZEAHOrCHETES(FT). &L
RECEH P AMMECHE R LR &, 40mEilo
TN ERERIIELTOWAEBEOT Y TLED
BUZFECEDEN L £ 5. LN o TR L ZBHRE
ERMNERBEOSOECHE Y, & Lranm-ER
LEtpen ;I eATe3. BOFMAsKR2ERICZL
AFEEERTLEREDLEENTHS.



<1400 m 1400-9999 m
Sex City Deaths Cumulative Deaths Cumulative
% ;i ECH mortality / FEC 8 mortality
BHsEcH | 100 e/ 100
M,:Ie Hiroshima L& 22 22 180 19
Nagasaki & 13 23 97 22
Female Hiroshima E& 16 12 147 14
Nagasaki £ 14 19 96 19

Age Group 20-39 ATB In this age group, too, mortality
from leukemia is higher in those within 1400 m (Table 7).
Although not statistically significant, a difference is noted
in the rates from all causes excluding leukemia between
those within 1400 m and those at 1400-9999 m, especially
for Hiroshima males as shown in the following tabulation.
Therefore, the high mortality rates within 1400 m are not,
in this age group, almost wholly attributable to leukemia
as in the 0-19 age group. Hiroshima males within 1400 m
have a significantly higher rate of mortality from tubercu-
losis, as compared with those at 1400-9999m. A similar
difference is observed among Hiroshima females and
Nagasaki males and females. No excess mortality from
malignant neoplasms excluding leukemia was seen among
the subsample within 1400 m.

FHSFR0-398 —oFBERICSVTIM0OmE
WEHEOHMMECEIF REFV(LT). TELZFTES
12, HrEMICRABE TRV, REORBOM0m
BOH TR EU0-199mDH Y TRAOAMS 2BV
RRCELZZNE), ZOERBRTII0-19ZT0ER
BHROBELUERL-T, UOmKBOH> TAOEE
DFECH R, TTHARKIBAT I {0 TCiz L v
HO0m&E RO ELOP CIRIEHIECEH 1400 -99m +
TLEDAHELIRV. BEROL, HLUCRE0EXIC
LR CEBEECHoER LAY 5. ANt oER
FEMIZEIAECHEN, MOmnE@OY > TLICHIZE
ViV ERERIBHEZLHFTEL Y S

<1400 m 14009999 m
Sex City Deaths Cumulative Deaths Cumulative

% o FELC mortality FEL B mortality

winsEcw /1000 wazeca /1000
Male Hiroshima 5 & 42 68 239 54
A Nagasaki %0 18 63 99 65
Female Hiroshima K& 44 33 323 30
Nagasaki M 16 41 107 35

Age Group 40-59 ATB High leukemia mortality rates in
the subsample within 1400 m are conspicuous in this age
group also. Further, the tuberculosis mortality rate in
Hiroshima males is significantly high. The mortality rate
from malignant neoplasms excluding leukemia in Hiroshima
females located within 1400 m is significantly higher than
that in survivors at greater distances. However, this is
not true for Hiroshima males or Nagasaki males or
females.

Age Group 60 and Over ATB No remarkable findings are
observed in this age group. The small size of the sample
makes detection of any but quite large effects difficult.
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In summary, as pointed out previously’! the leukemia
mortality rate is very high in the subsample within 1400 m.
This is the main reason for the high total mortality in
this group particularly in those who were under 20 years
of age ATB. Figure 7 shows the leukemia mortality rates
by age group for Hiroshima and Nagasaki combined, sepa-
rately for the group within 1400 m and the 1400-1999m
group. It is to be noted that leukemia mortality rates
among the subsample within 1400 m vary little by age
group and that the rates are consistently higher in males
than in females. Among Hiroshima females 40-49 years
old ATB the mortality rate from malignant neoplasms
excluding leukemia is significantly high for those within
1400 m, but differences of the same magnitude, even if
not significant, are present in other age groups also
(Figure 8). However, since this difference is apparently
not present for Hiroshima males or Nagasaki males or
females, it cannot be concluded that it is attributable to
radiation. On the other hand. neither can it be concluded
that it is not due to radiation. For the subsample within
1400 m, the tuberculosis mortality rate is significantly
high in age groups 20-39 and 40-59 in Hiroshima males
(Figure 9). For Nagasaki males, too, the tuberculosis
mortality rate is higher within 1400 m than in the 1400-
1999 m group but not significantly. Excessive mortality
from tuberculosis for females is not observed in those
within 1400 m either in Hiroshima or Nagasaki. These
differences may result from socio-environmental factors,
which, being non-radiation specific and moreover a
function of distance, act differently on males and females.
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FIGURE 7 MORTALITY RATE, LEUKEMIA BY SEX, AGE,
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FIGURE 8 MORTALITY RATE, MALIGNANT NEOPLASMS EXCEPT LEUKEMIA BY CITY, SEX, AGE
AND DISTANCE FROM HYPOCENTER
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SUMMARY

The mortality experience of a cohort of approximately
100,000 persons selected from survivors of the Hiroshima
and Nagasaki atomic bombings and a comparison of persons
who were not in the cities at the time of bombing (ATB)
was studied for the period 1 October 1950 - 30 September
1959.

The main findings were:

There is evidence that the survival among those who
were located within 1400 m from the hypocenter was
lower than that for persons located at 1400-2999 m or for
those not in the cities ATB.

For age group 0-19 ATB, the mortality rates decreased
regularly with increasing distance out to 2000m, and
increased regularly with increasing estimated radiation
dose. However, such relations were not observed in other
age groups.

The incidence of signs of acute radiation injury ~was
studied in detail by city, sex, and three major symptoms -
epilation, hemorrhage and oropharyngeal lesions. The
incidence of symptoms increased markedly with increase
of dose. The highest incidence for fixed dose was ob-
served in the 20-39 age groups in both sexes.

Among those who were under age 40 ATB, mortality
rates were higher in those who reported acute radiation
injury than in those who denied it.

A comparison of mortality rates between non- or lightly
shielded survivors and those heavily shielded revealed no
statistically significant difference.

No difference in mortality was seen between those report-
ing and those not reporting burns from the bombing.

As to causes of death, leukemia mortality was very high
at all ages among the survivors within 1400m. In the
same group, the mortality rate from malignant neoplasms
excluding leukemia was significantly high in Hiroshima
females aged 40-59 ATB and tuberculosis mortality in
Hiroshima males was significantly high in age groups
20-39 and 40-59 ATB.

Approved (Kyogikai) RE 2 July 1964
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