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AN ANALYSIS OF EARLY MORTALITY RATES FOLLOWING THE ATOMIC BOMB
HIROSHIMA
E B R BEH® ODIRXTEO K 5

INTRODUCTION

This report is based on a retrospective
survey of atomic bomb casualties conducted
by the Hiroshima City Office in 1946.
Mortality from radiation and mechanical
injuries resulting from the atomic bomb in
Hiroshima are discussed briefly with some
consideration of the time lag from the
bombing.

Early mortality in Hiroshima is, at
present, merely a subject of historical
interest. Not only have more than fifteen
yvears passed since the atomic bomb was
dropped but also a great deal of detailed
information concerning initial mortality-is
available in the reports from the Joint
Commission Survey.1’2
mortality data related to time lag from
the bombing were not available from the

However, since

Joint Commission Survey, the possibility
of an analysis of relationship between
mortality rates and the time lag warrants
discussion here.

The data to be presented were gathered by
Matsubayashi on August 10, 1946, almost
exactly one year after the bombing,
with financial support from the Japanese
Scientific Research Counecil. The head of
each family living within the eity on
August 10, 1946, was required to report
the atomic bomb casualties of his household
members and relatives to the eity office.
Age, sex, location at the time of the
bombing, brief information concerning
shielding and injuries, and date of death
were recorded. The survey sheets were
offered to the Atomiec Bomb Casualty
Commission (ABCC) and these materials were
utilized as one of the sources of exposed
persons for various early studies by ABCC.
However, the data were not analysed from
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the standpoint of investigation of atomic
bomb casualties.
is based on a tabulation prepared by
Dr. L. A.
retabulation has
present analysis.

The present analysis
Woodbury for other purposes;
not been made for the

COMPLETENESS AND VALIDITY OF MATERIALS

The best estimate of the population of
Hiroshima at the time of the bombing was
255, 200.
Joint Commission,2 approximately 64, 500

According to the report of the

persons had died by the middle of November
1945 and an additional 72,000 were injured.
Inspection of the casualty-distance curve
reveals that at approximately 1250 meters
from the hypocenter the chance of death
The 50 per cent point
for injury or death was 2100 meters.

was 50 per cent.

Casualty rates from Joint Commission
data are higher than those from the survey
conduc ted by Hiroshima City Office (Fig.1).
However, since the latter survey was
conducted retrospectively one year after
the bombing,

enumera ted.

deaths probably are under-
Information concerning the
deceased could be obtained only from
households and relatives remaining in
Hiroshima Clty in 1946. It was difficult
to obtain information from those who
migrated from the city after the bombing.
Furthermore, the survey could collect no
information about deceased persons who
lost all relatives at the time of the
bombing or who for other reasons had no
relatives remalning in Hiroshima in 1946.
while the data will permit
comparisons of relative mortality in

Therefore,

relation to exposure distance and survival
the absolute levels of the mortality
rates presumably are too low.

time,

PROPORTIONS SURVIVING

The proportions of survivors in relation
to time after the explosion and distance
from the hypocenter, calculated by a 1life
table method, There
were fewer survivors among those exposed at

are shown in Figure 2.
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FIGURE 1

HIROSHIMA MORTALITY FROM ATOMIC BOMB, PERCENTAGE, BY SOURCE OF DATA
DISTANCE FROM HYPOCENTER
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FIGURE 2 HIROSHIMA 1946 SURVEY DATA, PROPORTION OF SURVIVORS
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shorter distances from the hypocenter. On
the other hand, those exposed beyond
2000 or 2500 meters suffered less immediate
mortality and the proportions of survivors
are quite high.

According to the air dose curve,2 the
radiation dose in the area within 500
meters from the hypocenter was far beyond
the lethal dose for humans. It is clear
that survivors irradiated at this short
distance had heen effectively shielded.
The radiation doses to survivors in this
group undoubtedly varied with the precise
magnitude of shielding and are indetermin-
able. Survivors among this group were
therefore excluded from the analysis.

The sharp drop in the first day is
characteristic of the curves for propor-
tions of survivors among persons exposed at
short distances, 500-999, 1000-1499 meters
from the hypocenter. This is thought to
result chiefly from mechanical injuries
from the bomb, while the further rapid
decline during the first month after
the bombing presumably results from the
combined effects of mechanical and radia-
tion injuries. Beyond one month after the
bombing, the decline in the survival curve
is relatively slow.

MORTALITY RATE RELATED TO TIME LAG

Mortality rates®* for the first day and
average daily mortality rates for the
periods 1 to 6 days, 7 to 14 days, 15 to 30
days, and 31 to 60 days after the bomb are
shown in Figure 3. The abscissa shows
mortality rates on logarithmic scale while
distance from the hypocenter is plotted on
an arithmetic scale. Since the curve of
mortallty rates on the first day after the
bombing as plotted on semilogarithmic paper
was very nearly a straight line, the
mortality rate itself can be said to be an
exponential function of distance from the
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*In this report mortality rate corresponds to a daily mortality proportion calculated by a life
table method: For example, the mortality rate between 7 and 14 days is the number of deaths in
that period divided by 8 times the number of persons who survived to the 7th day.
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FIGURE 3

HIROSHIMA 1846 SURVEY DATA AVERAGE DAILY MORTALITY RATE

FOR VARIOUS PERIODS POST BOMB BY DISTANCE FROM HYPOCENTER
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hypocenter, and decreased rapidly with

increasing distance. The curves of
mortality rates for the periods 15 to 30
days and 31 to 60 days after the bomb seem
to be composed of two straight lines on
semilogarithmic paper, i.e., a steeply
sloped straight line within 2000 meters
from the hypocenter and a more gradually

sloped line beyond 2000 meters,

It seems plausible that the straight
lines beyond 2000 meters from the hypo-
center indicate the mortality rate caused
and the like
because the radiation dose beyond 2000
meters from the hypocenter is gquite small

by mechanical injuries, burns,
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acecording to the air dose curve.3 4
straight line within 1500 or 2000 meters
indicated the combined mortality caused by
the mechanical injuries and acute radiation
effects. It may be conjectured that
the mortality rate exclusively due to
mechanical damage can be estimated from the
difference between the straight line within
1500 meters and the extended straight line
beyond 2000 meters from the hypocenter.

Straight mortality lines at a short
distance from the hypocenter (within 1500
meters) at various time lags within one
month from the bombing have approximately
the same steep slope (Fig. 3). After one
month, the slope is less steep. Mortality
lines beyond 2000 meters within two weeks
also have slopes with less steep gradients
than at shorter distances. For later
periods the slope is even less. After
two months from the bombing, no difference
1s seen between these mortality lines. | ~

The same mortality rates, classified by
time lag from the bombing at various
distances from the hypocenter, are shown
in Figure 4 plotted against time lag
instead of distances. The mortality curves
observed for persons located within 2000
meters from the hypocenter have convexities
in the region between 10 and 60 days after
the bombing.
mortality curve is
population beyond 2000 meters from the
hypocenter,

No such convexity in the
observed for the

It is very tempting to view
this convexity in the mortality curves as
a manlfestation of deaths due to radiation
injuries being superimposed on deaths
from mechanical trauma and burns.

The suggested model of the relationship
between the curves for radiation deaths and
deaths from trauma among the population
exposed at a short distance from the
hypocenter is shown schematically in
Figure 5. Curve A in the figure shows the
estimated values for the death rate from
trauma at various times after the bombing
obtained by extrapolating back to 500
meters the straight lines observed beyond
2000 meters from the hypocenter where
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FIGURE 4 HIROSHIMA 1946 SURVEY DATA, AVERAGE DAILY MORTALITY RATES
FOR VARIOUS PERIODS POST BOMB BY DISTANCE FROM HYPOCENTER
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almost all mortality was caused by trauma.
Curve B was obtained by subtracting A from
Curve C, the total mortality rate. Curves
A and B are suggested to be approximations
to mortality ecurves for deaths caused
mainly by mechanical and radiation injuries
respectively.

The implications of the suggested model
are that deaths caused by radiation per se
occurred during the two months following
the atomic bomb explosion. The highest
death rates from radlation injury among
the population exposed between 500-999
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FIGURE & HIROSHIMA 1846 SURVEY DATA, AVERAGE DAILY MORTALITY RATES DUE TO
RADIATION AND MECHANICAL INJURIES, 500-899 AND 1000-1499 METERS
FROM THE HYPOCENTER BY DAYS POST BOMB
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meters and 1000-1499 meters from the
hypocenter occurred within about 10 days
and about 20 days respectively after the
bombing. Consequently, it may be concluded
that the time lag between the atomic bomb
explosion and the peak of the mortality
rate due to radiation is inversely in a
reverse related to air dose as remarked

by Brucer. 4

Tables 1 and 2 are included to present
actual numbers of survivors and life table
mortality rates by day and distance
from hypocenter.
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TABLE

1 HIROSHIMA 1946 SURVEY DATA, SURVIVORS BY DAYS POST BOMB
AND DISTANCE FROM HYPOCENTER, SEX COMBINED

1 EBIMOERETER, FBREBTE) AHNETEYN, BidE
R DISTANCE FROM HYPOCENTER IN METERS HBEERE (m)

E98L ~ B8 o- [ soo- [1ooo-[1s00. [2000. [2500- [3000- | 3500- | 4000- | 4500- | 5000-

A% 498 | s9g | 1459 | 1999 | 2480 | 2098 | 3489 | 3888 | 4489 | 4089 | 5408
0- 1 4200 | 14686 24414 | 24711 | 25457 | 16671| 8620| 9650| 2919| 4686| 6833
1- 2 1442| 9506| 20861| 23357 25022 | 26754 B8599| 8635| 2015| 4B81| 6620
2- 3 1356 | 8937 20527| 23175| 249835 16728| 8585 9633 2914| 4675| 6618
3- 4 1412 8643 203486 23091 24908 16720 8582 9525 2914 4672 BEOT
4=, 3 1277| 8414 20175| 23038 | 24886 | 16709 | 8592| 9622| 2814| 4671| 6605
5 6 1254| B256| 20058 | 22990| 24853 | 16703 | 8500| e6le| 2908 4668| 6604
6- 1 1232 | 8080 | 19060 22047| 24827 | 16600| @8588| 9613| 2908| 4665 6603
7- 1§ 1196 7779 19863 22015 24795 16691 8586 9G04 2909 4665 BEO3
15- 31 1017| 7007 19382| 22707 24677 16662| 6576| 9600| 2906| 4663| 6601
al- 6t 02| 5842| 18544| 22518 24571 | 16621 | 8564| 0384 2901| 4660 6597
§1- 92 946| 5474 | 18077 22338 | 24454 | 16560 8547| 9571| 2901| 4653| 6594
92-184 946 | 5424 | 17950 22246| 24367 | 16528| 8537| 9565| 2899| 4656| 6592
184-2713 940 53490 178687 22]‘3?"‘_2:_290 16497 B524 0559 2897 4656 6592
273-365 940 | 5366 17827| 22095| 24258 16485| 8513| 9555| 2897| 4656| 6592

TABLE 2 HIROSHIMA 1945 SURVEY DATA,

AND DISTANCE FROM HYPOCENTER,

LIFE TABLE MORTALITY RATE BY DAYS POST BOMB

SEX COMBINED

#2 LBIMEEFEER, BT TLEY HENEGRIETE, BLE
DAYS DISTANCE FROM HYPOCENTER IN METERS BIRSHRE (m)

ﬁ%ﬁ%kT‘fqr% 0- 500- | 1000- | 1500- | 2000- | 2500- | 3000- | 3500- | 4000- | 4500- | 5000-

b % 4990 999 1499 1998 24498 2099 1498 KRR 4499 4999 5400
0- | 0.6639|0.3527|0.1455/0.0548({0.0171|0.0069|0.0024|0.0016|0.0010(0.0011{0.0020
1- 2 0.0596|0.0598|0.0160|0,0078|0.0035(0,0016|0.0005|/0.0002|0.0007|0.0013[0.0003
Dy 3 0.0324(0.0328|0.0088|0.0036|0D.0012(0.0005(0.0003|0,0008|0.0000|0.0006(0.0017
3- 4 0.0267(0.0265/0.0084|0.0023|0.0008(0.0007(0.0000/|0.0003|0.0000/|0.0002|0.0003
4- 5 0.0180(0.0165(0.0058|0.0021|0.0013|0.0004(0.0002|0.0006|0.0017|0.0006]|0.0002
5- & 0,0175|0.0203|0,0048(0.0019|0.00100.0002{0.0002|0,.0003|0.0000|0.0006|0.0002
6- 7 0.0292|0.0137|0,0040(0.0014|0.0013(0.0005|0.0002|0.0008|0.0000|0.0000|0.0000
7- 15§ 0.1497|0.1105|0,0242|0,0091|0.0048(0.0017|0.0012|0.0004(0.0010/0.0004(0.0003
15- 31 D.0541|0.1768|0,0432|0.0083|0.0043(0.0025(0.0014|0,0017|0.0017|0.0006{0.,00086
31- 61 0.0166|0.0630|0,0252|0.0081|0.0048|0.0037(0.0020(0.0014|0.0000{0.0002|0.0005
g1- 92 0.0000(|0.0091(0.0065|0.0040|0.0036(0.0018(0.0012|0.0006/0.0007|0.0006|0.0003
92-184 0.0063|0.0063|0.0051|0.0048|0.0032|0.0018|0.00%5|0.0006|0.0007{0.0000/|0.0000
1B4-273 0.0000(0,0045(0.0022{0.0020(0.0013|0.0007{0.0013{0.0004|0,0000|0,0000]|0.0000
273-365 0.0021(0.0024|0.0016{0.0014]0.0007 |0.0008|0.0008{0.0003}0.0000|0.0002|0.0002




SUMMARY

Initial mortality due to the atomice
bomb in Hiroshima City was analysed in
relation to time lag from the bombing
using data from the Atomic Bomb Casualty
Census conducted by Hiroshima City during
August 1946.

Since the population located beyond
2000 meters from the hypocenter at the
time of the bombing had received relatively
small doses of radiation, it may be
assumed that mortality in this group is
almost entirely attributable to mechaniecal
caused by the bombing. On
this assumption, mortality rates due to

mechanical injury appear as a straight

injuries

line in the logarithmic scale when con-
sidered as a function of distance from
the hypocenter.
distances from the hypocenter decreased

Mortality rates at various

with increasing time after the bombing.
The mortality rate in the population

irradiated within a short distance, e.g.,

.

m%ﬁSHmK%ﬁﬁ%ﬁbtmr@%mu
HEOEE S S E TR EHOFCELE
BRTHoBE B2ttt amMz €& k.

ML A 52000m 2 Z 2 A A DRI AR
BEhk#mLETH20T, ZOEMIZEELE
ClBA CRBOMENEECLZLOLEELT
L. ZoRRIcET L, BENEEIZLS
FECEHE RO A & OB ¥ e LT b+ 2
EXNTE, MEHETHbLT LEBRLE LS

JRLH A 5 4 0 BEBER 12 B Ao FE T |3 %R
BTEommA 2t L L TwA, BOW
e nr, A 21 31500m R THEBE L AL

1500 meters from the hypocenter, was OFEC TR Fi% 2 4 Hiz b 7= - THEME
excessively high due to radiation injuries
in addition to mechanieal injuries within HIC & BFEC O I BATIRIEE 12 & 2FET A H
the first two months after the bombing. S THETHA.
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