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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! is a basic component of the
program of studies of the survivors of the Nagasaki
and Hiroshima atomic bombs conducted jointly by the
Japanese National Institute of Health (JNIH) and
the Atomic Bomb Casualty Commission (ABCC).
Details of the sampling procedures and methods of
followup have been reported previously?? and are
briefly mentioned here. The sample consists of nearly
100,000 persons drawn from various censuses and
listings, notably the 1950 Japanese National Census.
All eligible persons located 0-2499 m from the
hypocenter at the time of the bombings (ATB) and
who were on the listings are included in the sample,
Eligible persons more distally located and not in
the cities ATB were sampled at random to provide
comparison groups age and sex matched to those
0-1999 m ATB. Each sample member has been inter-
viewed to ascertain eligibility and obtain details
of exposure.

Mortality information is obtained from the family
registers (koseki ) maintained by Japanese municipal
offices and causes of death are obtained from
Japanese Vital Statistics Death Schedules. Tests
have shown that these sources provide information
for more than 99% of deaths.? Cause of death as
given on the schedule is coded according to the
WHO International Statistical Classification of
Diseases, Injuries, and Causes of Death (ISC).+

The radiation dose of survivors is estimated by
methods developed by the Health Physics Division,
Oak Ridge National Laboratory (ORNL).58 Dose
estimates can be made only for persons in certain
standard shielding situations ( fortunately, the
majority are included) but the program to create

LA =E

BFaBEE! GEEREEEN THEEREMN (T
CEBEEEELEAS(ABCC)HEFICERLTVS
HMETH-T, EBBIVESEFREAEBRELZER
LLE—BORMENEERFE LOTVS. AR
Ol BFENROEFOBEHE IR LHL
(BEMLTH20 THMLZBMIT EIT 52 L1z LE.
#1100,000 B FHEX K2 ZEOALBEA L 4, F
21950 fE 123 L A [N o A E e 5 2 5 UM L
Foo DURRER AR A S 0 —2499m o Mo TR L /-
LOT, LA BLEzORGBIEBEATVIHY
FRLEEH Y AIcEHEI LIz LA 2 X ICEED
OOV EZGFEMA-EOh AP o RERH T LHEE
BETEELASE, 2oVEHALVERIIVEY S
EEEZEESCHELE. CORSERE L UVIENE
20 -19mDMEOERELELIZZSE51ZL
Thad. $E-EH Y TROBREC>VTHmER
WEREL THE L ELZRFEZMEL TV A PES
W, ELFMOBMBELIHS HIZ LA,

HEEHEMREOFEE» 5mAs ZLHTES.
FEREADSEFRCELHVAE, Zhb0RBEHS
HCEHEDBBL LORHEAFTEEEHbI ST
VW3.2 RCEEROERDEES{EIZIE WHO 0EHE
EREEREEHIHEHV L.

Oak Ridge National Laboratory {RER¥jERFHS €
DUELLZFEAHVWTEBREFZUAHERES
HAU L —EoXBOERT SV THBLALSE
(ZOAEBEFZALIHYELTWE) EFE2VTH
REI AV TEETH S, = OBBRHEE O FHENE R0 H A



estimates for all persons 0-1999 m from the hypocenter
is still far from complete. Gamma and first colli-
sion neutron doses are estimated separately. The
thousands of completed dose estimates provide
evidence that for persons in the open or in wooden
houses, the logarithm of total dose (adding the
gamma and neutron doses, 1:1) is almost linearly
related to distance from the hypocenter, decreasing
from values around 500 rad at 1000 m to about 10 rad
at 2000 m 8

DATA PRESENTED IN THIS REPORT

The whole sample of nearly 100,000 persons was
successively accumulated in 3 groups, designated
Selections I, II, and 11123 Report 1 of this
series? covered mortality data through September
1958 on Selection I, about 20,000 persons. In
Report 2, data through September 1959 was added
for Selection II. about 70,000 persons, and .all
data were analysed jointly.? For the pr'esent
report, the data have been increased: Mortality
data for Selection III, 9222 persons, through
September 1960 has been included; for 2/3 of Selec-
tion I, the period October 1958 - September 1960 has
been added to the observation base, and for 1/3 of
Selection Il the year October 1950 - September 1960
has been added (Fig. 1). With completion of the
selection, the entire sample has been divided into
3 equal portions. Each year mortality data are
brought up to date for 1 of these portions. In
addition to the mortality data presented, certain
characteristics of the study population are
described.

DESCRIPTION OF THE SAMPLE

Age and Distance. Tablel shows the age composi-
tion of the sample by sex for each city and for
the cities combined (Tables 1820 show the same
data in greater detail). In the age range 20-39 ATB
males are notably deficient in both city samples
since few of the residents in military service were
present ATB. Persons not present ATB, and the
sample located 2500+4m, were matched by age and
sex to the group 0-1999 m.! Hence for all groups,
males have the same abnormal age distribution.
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FIGURE 1 PATTERN FOR REPORTING MORTALITY DATA
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TABLE 1 NIH-ABCC LIFE SPAN STUDY SAMPLE BY CITY
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HISTORY OF FOREIGN RESIDENCE, PERCENTAGE, BY SEX, AGE AND LOCATION ATB
HIROSHIMA + NAGASAKI

13894

Not in Cily #

’/////// 3048

2476

-

2626 a12
06! 32
10068 / 11
13768 234
15813 5893
%100 0 20 40 &0 B0 100%
m Foreign residence y///é No foreign residence [: No information
Foreign Residence. The survivors and those not HipEE. HEZoFRBLA oM EEEEIREBE

present ATB differ markedly in histories of foreign
residence before the bombing (Fig. 2) not only
because many males not present ATB were in
military service, but because many civilians repatri-
ated from Korea, China, and Southeast Asia settled in
Hiroshima and Nagasaki after the war. Although
more marked for males, the difference characterizes
females also, and is very great in age range 20-59.

Shielding. The survivors in Hiroshima and Nagasaki
differ as to shielding situation, especially at the
closer distances. Many Nagasaki survivors(-1199 m
from the hypocenter were rather heavily shielded
(Fig. 3). Within each city small differences are
seen between males and females, but the intercity
differences are much greater. As shown in Figure 3,
the amount of shielding increases from Group a to
Group d. Flash burns would be expected for persons
in Groups a and b, but not in ¢ and d; the difference
between the cities principally results from much
wider use of air raid shelters in Nagasaki. In
Hiroshima, only 63 survivors 0-199¢ m were in air
raid shelters, while 693 were in shelters in
Nagasaki-in a survivor population only 50% that of
Hiroshima.
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SHIELDING CATEGORIES,

PERCENTAGE,

BY CITY, SEX,

AND DISTANCE FROM HYPOCENTER

» Male Hiroshima Female *
2316 / LRO0-1999 2756
. 18001999 ///// ///////////// o

1600-1799 ///// // 675

1::}0.1599 f//// jlf

R : Unshielded in direction of bomb.
b W In building of light construction.
Radiation

Dose. In both cities,

z m Shielded in direction of bomb, not from side, rear, above.

d - In caves, concrete buildings. etc.

the relation

between estimated radiation dose and distance is

rather close (Fig. 4).

The specific method of

calculation used to date was designated T57Dose
by ORNL. The T57Dose estimates are asserted to
have a probable error of a factor of 2. The uncer-
tainty derives in large part from uncertainty as to
the actual yields of the weapons as well as from
imprecise knowledge of the exact location based on
interview of survivors. Errors in the air dose
curves would not interfere with the utility of the
T57Dose estimates as indexes of relative risk among
the survivors in 1 city, but would drastically
affect comparisons between Hiroshima and Nagasaki.
Newer and more reliable dose estimates may become
available in the future, but for the present, the
T57Dose estimates must be used.

Burns. Flash and fire burns are not distinguished
here because almost all reports were for flash
burns. The frequency of burns does not decrease
with distance until at least 1800 m in Nagasaki and
2000 m in Hiroshima.
maximal at intermediate distances because nearer
the hypocenters shielding was almost a prerequisite
to survival.

In both cities frequency is
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T57DOSE ESTIMATES BY CITY AND DISTANCE FROM HYPOCENTER MALE+FEMALE
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The previously noted difference in proportion of
heavily shielded survivors near the hypocenters is
reflected in Figure 5 by a much lower prevalence
of burns in Nagasaki than in Hiroshima, particularly
among those 0-999 m.

Symptoms of Acute Radiation Injury. One or more
symptoms of acute radiation injury (epilation,
purpura, oropharyngeal lesions) were reported by
8.8% of the survivors in Hiroshima and 11.8% in
Nagasaki. In the zone 0 - 999 m, acute symptoms were
nearly twice as {requent in Hiroshima as in
Nagasaki: about 72% vs 374 (Fig. 6) For both cit-
ies, in the zone 1000-1199 m, acute injury occurred
in about 50%. Thus, for Nagasaki, not only is the
acute injury rate in survivors 0-995 m half that of
Hiroshima, but also is less than the acute injury
rate in Nagasaki survivors 1000-1199m, and 1200-
1399 m. This finding is consistent with a very high
proportion of Nagasaki survivors nearest the
hypocenter having been heavily shielded.
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At 1400+ m, the proportions with acute injury in
Nagasaki are larger than for Hiroshima. At these
greater distances, only small proportions in either
city had very heavy shielding so this factor may be
ignored in the comparison of the cities. The
greater rates in Nagasaki would imply confirmation
of the physical estimates that air dose at fixed
distances was greater in Nagasaki than in
Hiroshima.¢

The proportion with acute injury varies reason-
ably within 1600 m, beyond this point, the decline
is rather slow. The proportion never reaches zero,
and remains at about 1% even for the so-called
early entrants — persons 10000+m from the
hypocenter ATB but who entered the cities within 1
month after the bombings. As remarked by
Qughterson and Warren,” signs and symptoms of
radiation injury may be caused by factors other
than radiation.

Acute injury is shown in relation to the T57Dsese
estimate in Figure 7. A rather small change is
seen in the proportion injured for doses in the
ranges (-219 rad in Hiroshima, and 0-124 rad in
Nagasaki. Even at the highest estimated dose levels
in Hiroshima substantial fractions of the survivors
reported no symptoms. Hiroshima and Nagasaki show
discrepancies in the proportions reported to have
signs in the dose ranges 125-249 rad and 250- 499 rad.
In the range 125-249 rad, Hiroshima has 228% and
Nagasaki 43.5% ; in the range 250 - 499 rad Hiroshima
shows 54.6% and Nagasalki 72.6% In both cases the
differences are highly reliable (p<.001) for the
samples are reasonably large. In the 2 highest
dose ranges, however, the intercity differences are,
not significant. It seems possible that the T57Dose
estimates for Hiroshima and Nagasaki are not com-
parable and, if the Hiroshima dose estimates were
halved, or the Nagasaki estimates doubled, the
corresponding bars of Figure 7 would be in better
accord. In this connection, Brill etel in an
unpublished report? on the ABCC leukemia investi-
gations, present data indicating that rads, as
estimated by T57Dose. were about twice as potent
in Nagasaki as in Hiroshima.

The most plausible explanation of the high. and
relatively dose-independent frequency of acute
injury at low dose levels is that the majority of
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ACUTE RADIATION INJURY BY T57DOSE AND CITY

V/// Hiroshima m Nagasaki . * d
10004 155 22
500-999 678 79
250-499 1154 254
125249 2102 545
62124 1529 523
31-61 % 208
16-30 556 741
815 240 633
& 105 178
Rad

radiation signs at these levels were, in fact,
caused by factors other than the radiation from the
bombs. The Joint Commission data quoted by
Oughterson and Warren7 are similar in showing that
the percentage of survivors with radiation signs
did not reach zero even out to 5000 m from the
hypocenter. However, the Joint Commission data
show much higher proportions of survivers with
acute injury than do the present data, in part
because the Joint Commission figures were based on
20-day survivors, while for the Life Span Study
the basis is H-year survivors (to 1 October 1950 ).
It is possible to calculate from the Joint Commis-
sion data that in Hiroshima about 2600 died in the
period 20-120 days after the bomb; presumably most
of these persons had acute radiation injury and are
so tabulated in the Oughterson and Warren data but
are, of course, not included in the present study.

Analysis of acute radiation injury by sex showed
little or no difference for fixed distance from the
hypocenter or T57Dose estimate, but large and
highly  significant (p < .001)
associated with age ATB. The data are summarized
in Figure 8, where the survivors have been grouped
into 5 dose classes although statistical tests were
made in relation to the 9 dose classes of Figure 7.

differences were

60 80 100 %
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ACUTE RADIATION INJURY,

PERCENTAGE. BY T57DOSE. AGE. AND CITY

3 Hiroshima 8

a0 ] /) 2
224 il a0 24
264 4 a0
299 45

52 19
362 250-499 46
355 67
38 135
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o 125249 ngle
589 144
724 239
124 59
651 31194 295
681 54
787 714

53 66
235 277
259 g 330
338 Rad 642

1 == 1 [l 1 1 1 1 1 1 i 1
100 80 60 40 20 0 0 20 40 60 &0 100%

In both cities, for the majority of dose classes
those aged 20-39 ATB had the highest prevalence of
acute radiation injury, and those aged 60+ the
least. In general, the proportion with injury
increased from age 0-19 to age 20-39, then
decreased successively in the groups 40-59 and 60+.
Any | or combination of at least 3 explanations
may account for the observation:
variation in

There may be age biological

sensitivity to radiation.

There may be age related differences in the
probability of death following the development
Since the JNIH-ABCC Life
sample is made up entirely of

of acute injury.
Span  Study
survivors to October 1950
prior to that date in very young or old per-
sons who had acute injury would be reflected

excessive morlality

in the presenl data as an apparent lowering
of the proportion of survivors who reported
s1gns,

There may be age related variation in the
eliciting a history of radia-
lapse of

probability  of
tion signs on questioning after a

SOMmMe vears.
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The
plausible

results of animal experiments® make
the first 2 possibilities; no direct
evidence can be adduced for the 3rd. but it would
be surprising if an effect of this kind were not
operative to some degree. The safest approach is
to regard the present data primarily as descriptive
of that part of the Life Span Study sample
characterized by histories of acute radiation
injury, rather than contributory to knowledge
regarding age-, sex- the
occurrence of such injury.

and dose-variation in

ANALYSIS AND DISCUSSION

During October 1950-September 1960, 8614 deaths
were observed, 8.7% of the sample of 99,393 persons.

Table 2 shows the distribution of these deaths by
underlying cause as given or the death certificate.
Tuberculosis was responsible for a larger proportion
of the deaths in Nagasaki than in Hiroshima, for
both sexes (15% vs 8% for males, and 129 vs 74 for
females) reflecting the younger average age of the
Nagasaki sample and the unusually high death rates
from tuberculosis in Kyushu generally and Nagasaki
prefecture particularly. In 1958, the crude
mortality rate for tuberculosis in Nagasaki Prefec-
ture was more than 509 greater than the average
for all Japan and by considerable margin, was the
greatest among the 46 prefectures.!?

The most frequent cause of death was vascular
lesions affecting the central nervous system
ISC B22, varying from 16% to 21% in the 4 sex-
by-city groups. Malignant neoplasms (including
leukemia) accounted for about 17% of the Hiroshima
mortality and 13% in Nagasaki, in both sexes alike.
Arteriosclerotic and degenerative heart disease
B26 accounted for 4-5% of mortality in all groups.
Finally, a fairly large number of deaths were
assigned to ill-defined and unknown causes, all
classed under rubric B45 of the Abbreviated List of
the ISC: males, 9.8% in Hiroshima and 7.5% in
Nagasaki, and females, 14.5% in Hiroshima and 12.7%
in Nagasaki. The much greater frequency of death

attributed to stroke than to arteriosclerotic
heart disease 1s typical of Japan. Thus, the
mortality statistics for all Japan in 1958 show

deaths from stroke to be 3.4 times as numerous as
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TABLE 2 NUMBER OF DEATHS BY DEATH CERTIFICATE UNDERLYING CAUSE, CITY, AND SEX

%2 FECH: FECBREEEFER - £60 - 15

15C

Male

5

Female

ES

Underlying Cause
[RFER

K&

Hiroshima

Nagasaki

£ i

" Hiroshima
&

Nagasaki
£ I

B 18

B 20

B 21

B 22

B 25

B 26

B 27

B 28,29

B 30

B 31

B 32

B 33

B 35

B 36

B 37

B 38

B 39

B 40

BE 47,

BE 49

BE 50

48

TRENEE st e e S| 0

Tuberculosis, all forms

All other diseases classified as infective and parasitic

TOMOEEBRFEEFERBE

Malignant neoplasms

Benign and unspecified neoplasms
B E UM B R O i ens

Diabetes mellitus

Anemias
Vascular lesions affecting central nervous system

T S - T S L)

Chronic theumatic heart disease

Arteriosclerotic and degenerative heart disease

BIIRFEALME & & UBEEMEC IR oo

Other disease of heart

Hypertension, with or without mention of heart

BMERE (CROEBOEEE M H L2 0 )

Influenza

Pneumonia

Bronchitis
AEEE
Ulcer of stomach and duodenum

i e LR R

Intestinal obstruction and hernia

B BB e et e o e e s e e s s S B,

Gastritis, duodenitis, enteritis and colitis

Bk, + 2465055, BRELIURBE

Cirrhosis of liver

Nephritis and nephrosis

s T R e s o D e R B A ST O
Hyperplasia of prostate

A R R L e S R e e R
Deliveries and complications of pregnancy, childbirth and the puerperium
iR, SiE L PEBO ST s
Congenital malformations

Senility without mention of psychosis, illdefined and unknown causes
HamodloswEEL LT LRNATHIES £ UAHOKAE.
All other diseases

Aecidents

TR~ L 2L e

Suicide and self inflicted injury

Homicide and operations of war

3476

285

54

611

16

28

11

659

19

195

B2

48

10

93

37

22

63

56

88

342

328

206

108

12

1042

160

16

134

185

41

15

15

35

36

20

24

78

139

50

31

3119

229

653

19

162

67

60

70

30

46

23

84

38

106

21

452

259

69

977

117

16

127

15

13

21

19

32

14

124

117

20

27

12



TABLE 3 NUMBER OF DEATHS, PERSON-YEARS AND DEATH RATES BY TEN YEAR AGE GROUPS, CITY, AND SEX
£3 FECH, MBEAEES L URCE: 10FERpRS - il - 150N

Male 5 Female 4
i;;g.; g?& ngﬂAYéag . Deaths FELC Pk 22 Deaths ZELC ’
4 umber Rate/104 W A E Number Rate/10
b2 4 % 3
All ages 2 #  Hiroshima L5 262,635 3,476 123+ 375,216 3,119 77+
Nagasaki 5 98,727 1,042 131+ 127,182 977 100+
0- 9 Hiroshima [K & 9,717 20 21 10,164 9 9
Nagasaki [ 3,664 9 25 3,624 1 2
10-19 Hiroshima [ 5 54,960 65 12 54,117 31 6
Nagasaki J2af 22,224 31 14 24,220 45 19
20-29 Hiroshima K& 53,141 185 35 70,808 148 21
Nagasaki JE 8§ 26,481 100 38 36,042 81 22
30-39 Hiroshima [ & 24,597 106 43 65,888 171 26
Nagasaki f&a& 10,136 47 46 21,993 63 29
40-49 Hiroshima K& 34,618 255 74 65,142 272 42
Nagasaki JEif 11,608 90 78 16,212 97 60
50-59 Hiroshima [ 43,295 667 154 56,559 501 89
Nagasaki Je#f 13,840 229 165 18,559 140 103
60-69 Hiroshima I & 29 448 975 331 32,985 645 196
Nagasaki & 8,235 201 353 7,641 205 268
70-79 Hiroshima [K 8 11,083 918 828 15,874 860 542
Nagasaki 1§ 2,201 208 908 3,198 227 710
80+ Hiroshima [ & 1,776 285 1,605 3,679 482 1,310
Nagasaki & 248 37 1,492 693 118 1,703
tAge dardized 1o the combined male and female experience in both cities. A B AL SGH B EBEITET S,
deaths from arteriosclerotic and degenerative E+25003.4RATVA. MEOXEOH

heart disease, while in the United States in 1958 the
ratio was 2.7 in the opposite direction.!?,!1

Table 3 shows mortality rates by city and sex.
Nagasaki rates exceed those in Hiroshima, for both
sexes, at almost all ages. Especially for females,
the age-standardized average mortality rates in

Nagasaki far exceed those in Hiroshima.

Distance from Hypocenter

Table 4 shows the number of person-years of
observation and the mean age for distance classes
0-1399 m; 1400 - 1999 m; 2000 - 2499 m; 2500+ m; and
those not in the cities ATB. The reasons for
selecting the particular distances 1400, 2000 and
2500 m as dividing points vary: in the original
sample selection the group 2500+m was age- and
sex- matched to those 0-1999 m, as were those not in
the cities ATB. The additional cut at 1400m is
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TABLE 4 PERSON-YEARS AT RISK AND AVERAGE AGE AT OBSERVATION BY DISTANCE FROM HYPOCENTER,

CITY AND SEX
4 HEAFHSIUVBEESTHEER: L0, 5 0HBE - i - 51
City Sex — Distance §iZE (m)
o= t 1400 1400- Not in City
3 < 1999 2000-2499 2500+ TP 7
Person-Years at Risk B%¥ AF&
Hiroshima [ 5 Male 3 262,635 23,527 54,699 42,185 77,463 64,761
Female 4 375,216 34,731 78,123 60,585 112,744 89,033
Nagasaki 5 Male % 98,727 10,224 17,172 18,237 27,044 26,050
Female +4r 127,182 12,419 21,490 27,811 33,663 31,799
Average Age T i
Hiroshima |5 5 Male 37.7 39.9 3. 36.7 38.3 36.8
Female % 39.0 38.7 39.3 38.9 39.2 38.5
Nagasaki £ Ui Male % 34,2 34.2 35.2 31.4 35.0 34.8
Female #% 34.0 32.0 34.2 36.0 33.4 334

made because current estimates of radiation dose,
the data on prevalence of acute symptoms. and the
leukemia mortality rates indicate that those
0-1399 m were subject to rather substantial doses
of radiation. Most had more than 100 rad. although
a relatively small proportion may have had lower
doses as a result of shielding. In the zone 1400-
1999 m, however, many survivors apparently had very
low doses, and therefore combining all survivors
0-1999 m might preclude observation of radiation
effects in those who had high doses, because of the
diluting effect of large numbers among whom effects,
if present, are at a very low level. In any case,
1400 m is a suitable dividing point for
detection of radiation leukemogenesis, and seems an
equally plausible point

conditions.

very

for detection of other

Hiroshima males are, on the average. about 2.5
years older than Nagasaki males; Hiroshima females
In Hiroshima, average age
varies little among the distance groups. and even
by sex.
homogeneous by distance group and by sex except for
the zone 2000-2499 m. (where the sample was not
age matched) for which the males are younger and

are 5.0 years older.

In Nagasaki. mean age is reasonably

the females older than the average.
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Survivors 0-1399 m from the hypocenter evidently
had high rates of mortality for all causes as well
as for particular causes of death, notably leukemia
(Table 5). Those not in the cities ATB apparently
had lower mortality.

Results of statistical tests are shown in Table 5
by asterisks on death ratios dilfering significantly
from 100. The tests reported are X2 on a single
degree of freedom comparing the result in a specific
distance class with all distance classes
combined, for the same city-sex group. Exact tests
were made where expected deaths were less than 4.
The tests were 2-tailed. In scanning the 4 sex-city

groups, for any specified distance class:

other

The Probability that, by Chance, all 4 groups
will simultancously have ratios larger or smaller
than 100, 1s .125; therefore, the fact that all
groups appear above or below 100 does not
necessarily demonstrate high or low mortality for a
particular distance class

The Probability that, by Chance,1 or more tests
among 4 will be significant at the 5% level is
.1855. However, the probability that all 4 groups
will depart from 100 in the same direction and
1 or more be significant at the 5% level is 0232

The Probability that, by Chance, 1 test among
4 will be significant at the 1% level is .039,
at the 014 level, .004. The probability that
2 or more will be significant at the 5% level
is 014

Therefore, il 1 in a column,
heterogeneity is demonstrated unless all 4
ratios in that column depart from 100 in the same
direction. However, 2 or more asterisks in a
in any combination, indicate significant
evidence of heterogeneity, whatever the directions.
Of course, interpretation of the meaning of the
heterogeneity depends on direction of the departures.

asterisk appears
not

column,

All Causes. Higher mortality is evident for those
0-1399 m from the hypocenters; mortality is lowest
for those not in the cities ATB. For the remaining
2 comparison groups. lower mortality is suggested
for those 1400-1999 m than for those 2000+ m.
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TABLE 5 AGE STANDARDIZED DEATH RATIOS T IN RELATION TO DISTANCE FROM HYPOCENTER, BY CITY AND SEX

#5 EOHA S OMEERNFATEEIECT: & - ER
B Listance 3F & m Distance éﬁ_&_ m Distance Efi#E m
ol 00 2000 L Netin Fems . . 1400 2000 N Rl 1400- 2000 Not i
Moot ECEHE 1400- - log ob in FETCEH 1400- = ot in FELCF B i - ag ot in
<1400 oaq  page 2500+ Ciy <1400 Jooe age 2500+ Gy FRLCIM00 pos sung | 2900+ Gy
i P 7 i A E i A 7R
All Causes Trauma BE47-50 All Natural Causes BI-46
TRTOER bl ] WESLUBRE
H M 3,476 111.5* 954 1037 1049 90.2*% 326 9.6 B20.5 93.7 134.0 83.0 3,143 113.9* 96.8 1049 1020 G0.0%
I 3,119 118.7* 990 1042 100.8 90.5** 136 1148 1121 103.9 817 496.6 2,973 119.4* 984 1043 1010 an.s*
NoM 1,042 106.1 90,0 113.6* 102.1 93.1 B85 i | 53.8*% 1269 118.6 1022 933 111.0 452 113.2 99.3 0.9
F a7 117.1 93.2 97.2  106.2 92.8 49 105.0 60.5 108.2 1319 83.3 915 116.9  100.3 97.1  1056.8 91.9
Tuberculosis B1,2 Other Infective and Parasitic Diseases B3-I7 Leukemia 204
B FTOROEEELELUFTERE B M
H M 285 155.5%* 117.0 99.4 87.6 79.1* 54 595 1045 125.0 110.8 80.5 a1 549.8%* 77.3 20.3 75.5 26.6%
F 229 92.7 1154 139.3* 1055 56.7** 449 209.8%  87.0 61.6 115.1 8.5 25 G49.4** 37.7 49.0 78.9 i
N M 160 112.1 1013 1213 1021 781 16 G2.5 00 1190 176.2 91.5 11 T20.7%*% 54.1 44.8 34.0 i
E 117 T4.1 1057 107.4 91.9 107.5 16 166.7 37.7 64,4 184.7 81.3 4 465.17 il 0 95.2 1031
Malignant Neoplasms except Leukemia BIS,-204 Benign Neoplasms H19 All Anemia B27
EOmmE S OESEED R ED ES il
H M A80 107.5 95.7 122.8* 97.0 878 16 127.4 146.2 38.8 1220 26.7 11 99.0 125.5 1099 120.8 40,0
i 512 153.5** Q4.2 97.4 97.7 89,9 36 65.8 1180 148.0 231 83.4 9 241.0 1554 1351 73.0 0
N M 123 105.0 93.2- 120.1 88,2 101.7 ] 01622 2020 1115 0 5 454.5 0 a8.0 b LA s
B 123 120.7 80.3 136,7* T79.4 £86.6 B 142.9 4.6 50.8  196.1 51.5 2 909.1* A .0 .0 0
Vascular Lesions of Central Nervous System B22 Diseases of Heart B25-27 Hypertensive Disease B28-29
FHERERODEBE LRER EDEHER
H M 6549 105.3 92.6 98.0 1043 100.6 296 105.6 1011 107.0 102.1 88.3 48 114.4 #5.6 61.8 129.6 96.2
F 653 106.2 95.0 102.4 96.8  104.6 248 113.6 91.3 94.2 1051 1000 60 90.7 94.9 1028 1075 96.4
N M 185 115.8 78.3 1254 97.4 95.1 60 98.8 1386 61.2 133.7 64.2 15 103.1 97.4  116.6 A vEL F L
F 153 9.2 90.8 1025 117.8 88.2 83 96.9  146.0 85.2 B7.5 97.1 3z 105.8 1222 86.7 1305 66.9
Influenza, Pneumonia, Bronchitis B20-32 Uleer of Stomach and Duodenum, ete. B33-36 Disease of Liver 580-583
T 70TV, Mk, SEEX B, t-HEBsL0ORE il a4
H M 140 145.3 1099 1040 844 G902 184 117.6 1028 103.8 1179 62.1%* 79 93.3 76,3 133.0 78.9 126.9
F 104 1119 B86.7 143.6% 877 91.5 156 96.5 941 108.2  124.8*  69.6* 54 63.2 1396 112.2 97.9 L7
N M 45 108.1 1148 114.3 81.7 94.8 66 53.2 1015 126.2 1157 T7.8 a5 158.7 60.6 494.5 82,7 1303
F 44 131.1 8.2 741 1484 86.9 40 188.0 99.7 89.2 81.9 1091 a0 184.3 96.3 96.9  109.0 P
Nephritis and Nephrosis B38 . & ’ o
BABLUZTIO-E + Age Standardized Death Ratio is 100times the guotient of observed deaths divided by those
expected, Expected deaths for distance classes are calculated by applying 10 year age-specific
H M 88 74.8 83.5 3.8 1196 121.0 death rates for the specified sex and city to the age distribution of person-years within the distance
class.
F 106 1253 1295 999 107.2  55.8*% SRR AL IR (D R O A MIERRE B T S o s 100ME L T REE . EHIMEM S
St R T W10 4 = 5 Ly g n S I T
N M 24 50.5 83.0 86.2 90.5 152.3 U?.Qii%;‘ﬁl:&i&‘?.,iﬁl._.,tr‘ul‘: 28 AEM0F Eas R AR FERRFE S & £ D BEREE 5 o)
AN ARSI R TR .
F 32 85.5 90.3 696 1280 117.2 The Death Ratio differs significantly from 100 at the (* =5, ** =1, *** =0.1) percent level.
T FECIEE 20 &40 (=5, %=1, %pk=0.1) OABTIN0LLHRLENS 3.
H— Hiroshima [ & N - Nagasaki & M—Male B F-Female &

16



In the zone 1400-1999 m, mortality ratios are less
than 100 for each sex in each city, and observation
base in this zone is about twice as large as that
in the 01399 m zone. In consequence,
are merged, evidence of increased mortality rates
diluted

if the zones

among survivors close to the hypocenter is

out. In Hiroshima, the mortality ratios become.
1002 for males and 1045 for females and in
Nagasaki, 95.1 and 1038. None of these differs

significantly from 100.

No explanation can be offered for the low
mortality ratios in the zone 1400-1999m and the
observation may be merely fortuitous. since no

statistical significance attaches to any of the

differences from 100.

Trauma ISC BE47-50. The only remarkable obser-
vation regarding trauma is the very high mortality
ratio among Hiroshima males in the zone 2500-+m
from the hypocenter, where 130 deaths were observed
while 97.0 would be expected at rates for Hiroshima
males generally. Observed deaths exceeded expecta-
tion in every l0-year age class from 10 to 68.
although the greatest discrepancy was at ages 20-29
where 36 deaths were observed. 21.9 expected.

ISC B1-46. The patterns of
relation o
similar for natural causes and for all causes, but

All Natural Causes

mortality ratios in distance are
patterns are somewhat more consistent by city and
sex. Those 01399 m have more observed than
expected deaths, those not in the cities ATB, fewer.
Within any distance class, the ratios for the J

sex-city groups are rather close.

The ratio of observed to expected mertality in
those 0-1399 m, although elevated for most ages,
is maximal at ages 30-39 (Table 6). As age
increases, the ratio slowly declines, toward 100
at age 70. Below age 30. a modest elevation is
seen at ages 20-29, none at 10-19, but a high ratio

at ages 0-9.  This last age group covers only ages

59, and consists wholly of persons less than age 5
ATB, since those aged 0-4 in August 1945 were 5-9
at the beginning date of observation for this study,
October 1950. For those not in the cities ATB, the
ratios of observed to expected deaths by age are. in
general, inversely related to the 0-1399m group,
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TABLE 6 OBSERVED AND EXPECTED DEATHS FROM ALL NATURAL CAUSES BY DISTANCE FROM HYPOCENTER
AGE AT OBSERVATION, CITY, AND SEX

£6 SHIEOBEHLMEE: BOHY 5 OIERE - B e - - i
Distance i i m
p <1400 1400+ Not in Gity i 17 (& o
P Male % Female i Male B Female 4 Male % Female i
Hiroshima ~ Nagasaki Hiroshima Nagasaki  Hiroshima Nagasaki Hiroshima MNagasaki  Hiroshima Nagasaki Hiroshima Nagasaki
[ % £ i IE % £ b £ Kb g IE B E Th B B ) I
Tgta] 0 333 84 287 7 2183 625 2046 639 627 219 640 199
¥ E 292.3 0.2 240.4 65.9 2160.6 611.9 2025.3 632.5 690.0 240.9 T07.3 216.5
0-9 0 5] 2 3 0 6 3 2 0 1 1 0 0
E 1.0 i1 A4 i) 8.7 4.1 3.7 0.0 2.3 1.5 4 0.0
1019 O 2 5 4 3 22 13 18 34 8 3 4 3
E 2.3 1.6 2.1 3.1 21.9 14.3 17.4 26.8 7.8 5.1 6.5 10.1
20-29 O i1 9 12 10 65 48 88 33 32 g 17 18
E 8.3 8.1 12.2 8.3 T0.5 41.2 76.5 37.3 29.2 16.6 28,2 15.3
30-39 0O 16 ) 23 9 52 3 109 34 12 3 22 13
E 8.0 5.3 14.8 6.0 48.7 21.9 98,0 34.6 23.2 11.8 40.2 15.4
40-49 O 3t 14 az2 6 142 41 185 63 39 25 46 23
E 218 o7 23.8 6.8 134.2 46,2 178.2 62.1 55.9 24.1 61.0 23.1
50-59 O T4 13 43 9 5 139 350 96 120 a7 - 27
E 63.2 21.5 46.1 9.6 393‘.6’ 131.6 320.4 92.8 137.2 56.0 104.5 29.5
60-69 O 102 27 66 19 656 184 430 141 171 64 130 39
E 95.5 22.1 57.3 15.1 633.4 180.3 442.0 140.2 200.1 2.7 126.7 43.7
70-79 0O T2 12 75 19 649 140 550 155 172 48 213 47
E 735 10.0 61.0 13.3 646.6 139.9 567.5 156.3 172.9 50.0 200.5 51.4
80+ 0O 20 2 29 2 186 26 314 83 72 9 130 29
E 18.6 1.5 22.6 3.6 198.0 324 320.6 82.4 61.4 31 129.7 28.0
0: Observed E: Expected
i HEF 8
the ratio is minimal at ages 30-39, then rises ARIET, Fhr2e70-19F T4z LR S 3. 30
slowly to age 70-79. Below age 30, the ratio FLTFOEZZITEALIN TH 5.
differs little from 100.
Since there is no reason to suspect radiation RO A 52500m LUE $ L < 1£2000m LUE O #AR

effects among survivors who were beyond 2500 m or
even 2000 m from the hypocenter, the lower mortality
the cities ATB than
survivors at all distances argues for some basic

ratios in those not in in
difference between survivors and immigrants. Such
be
the bomb other
blast,

disruption.

a basic difference or
than
social

Such a
disaster effect, conceivably is manifest in persistent

might socioeconomic,

effects  of
be

and economic

alternatively,

radiation could involved: burns,

disorganization
mortality rates in survivors almost

elevation of
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independently of distance. If such a generalized
elevation exists, a further elevation attributable
specifically to radiation effect might or might not
be superimposed. Such a radiation effect could be
detected, only by comparisons of survivors who
received fairly large amounts of radiation with
others whose estimated radiation dose was small.

Tuberculosis ISC Bl-2. The patterns of
tuberculosis mortality (Table 5) are inconsistent in
relation to distance class, except for the generally
(and significantly) low rates in those not in the
cities ATB. Among Hiroshima males 0-1399m. the
ratio is significantly elevated (43 deaths observed
vs 27.7 expected) and excess mortality is found in
every age group 3079. Among those not in
the cities ATB. the patterns by age are dissimilar
in precise detail in the 4 sex.city groups: The
significant deficit for Hiroshima males derives
almost entirely from ages 30-49 (8 deaths observed,
243 expected): but in Nagasaki males, where the
overall ratio is identical with that in Hiroshima
males, (but not significant because of smaller
numbers) the deficit is at ages 20-39 (6 observed,
149 expected) For Hiroshima females, the deficit
is highly significant in the ranges 20-29 (5 vs 11.8)
and 4059 (7 vs 19.1) but not at 30-39 (11 »s13.6).
when hundreds of comparisons are made, it would be
surprising if no slightly queer results were found.
The general conclusion follows that deficits in
deaths attributed to tuberculosis among those not
in the cities ATB are for the most part confined
to the age range 20-49.

Other Diseases Classed as Infective or Parasitic
ISC B3-17.Only 1.6% of the deaths were attributed
to infectious or parasitic disease, other than
tuberculosis. The patterns by distance do not seem
remarkable. The only significant difference was
among Hiroshima female survivors 0-1399m. Here
9 deaths were observed vs 4.3 expected. The excess
was distributed over the entire age range.

Leukemia ISC 204. Comment on leukemia data is
not required. The well-known large excess of
leukemia mortality among survivors 0-1399m is

clearly seen.

leukemia ISC
B18 except 204. Mortality ratios are significantly

Malignant  Neoplasms other than
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elevated in survivors 0-1399m, but the pattern is
not simple. While the ratios exceed 100 for every
sex-city group, only for Hiroshima females is the
elevation significant, indeed, highly significant.
For Hiroshima females. the ratio in the zone 2000-
2499m is less than 100, but for every other group
the ratio is elevated in this zone, significantly
so for Hiroshima males and for Nagasaki females.
Significant differences are not
distance classes.

found in other

For Hiroshima females 0-1399m. excesses of
observed over expected deaths are found throughout
the age range. A total of 69 deaths were observed
vs 450 expected, and for the 5 age decades from
30 to 79 the observed and expected values are:
30-39. 4 ws 2.1; 4049, 12 vs 7.7; 50-59, 21 vs 137,
60-69, 18 vs 124: 70-79. 10 vs 7.1. Similarly, for
Nagasaki the zone 2000-2499m the
observed deaths exceed the number expected in every
decade age group. beginning at age 30. For
Hiroshima males in the same zone, however, the age
pattern is different: Most of the excess morta;lity
found at ages 60-79, where B0 deaths were
observed, only 634 expected.

females in
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For those not in the cities ATB, age patterns are
inconsistent among the sex-cily groups:

<60 Observed B % i

Age ‘ Expected 1A TF i
- 60+ Observed 1% i
Expected J# £ il

For all groups except Hiroshimafemales the pattern
1s similar: No deficit below age 60, but fewer
deaths than expected at ages 60+ . Among Hiroshima
females, however, the pattern is reversed.

Not only is the comparison group not in the cities
ATB selected by the fact of immigration, which alone
may have large effects on mortality rates, but the
accuracy with which underlying cause is stated on
the death certificate also may vary by sex, city, age,
and social class. Either of these causes may explain
the peculiarities of the data.

ORI ORE ET IR TR L ., - FHNCEST 3
L0 -139m&EBHOIECLEIL 100 2858 L T w3 H,
KW HBTHIDREBOKFETTHE. LA
LRELCARETHA. 00-UYmOKG TIELEED
ZFORCEHF 0L TTH 34, ZOXFTHEEZD
LOBORCHEERLTED, AELZENI EES
F, B FIBOTRETE L. Z0MBOEEXS
CEHAEHNBREOERIIAE TR V.

0-1BY9mOEBOKFTREERBIZZVTE
EIECHM A MFERECEZ Ebl-> Tw 3. H.008F
i L TAHOADFHEFBETEA. 0FH5T9
FETOWEBOSBERE»58E L -FEC K E Bk
CHEETTLAOEBNTHS. 0-39F, 442.1;
40 -49%, 12%7.7; 50-59F, 214413.7; 60-69F,
184412.4; 70-79%, 10%f 7.1, [EH§(22000—2499m
EMEZFTR3I0F L LOZNF EFHESOBERCY
FEEECHE LRl Tw3. LAL, ZOBEEXS
DEBBFIEGI2ERMNECHOBMHFRL S T
3. T4bs, ECEHEOMMOIEEA EI1360-79F1C
26 NBEABICH LIFEIZE,I1263.4TH 5.

FBEFHEMIZ VL L o 2H T, EBTH SN,
WX EOMEI—EOMERTV. $Lbb,

Hiroshima [ [ Nagasaki £
Male 5 Female ¢ Male 5 Female %
47 59 16 5
48.9 58.1 12.3 13.6
64 16 17 20
77.5 58.7 20.1 15.3
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Benign and Unspecified Neoplasms ISC B19.
Relatively few deaths are ascribed to benign neo-
plasms, and no significant variation is seen for
mortality to distance from

ratios in relation

the hypocenter.

Anemias ISC B21. According to the formal pattern
established, no significant evidence of hetero-
geneity by distance is seen for deaths ascribed
to anemia (in the zone 0-1399m,
asterisk, but the departures of the ratios from
100 are not all in the same direction).
previous study? has indicated that, in both cities,
some deaths probably due to leukemia have been
ascribed to aplastic anemia on death certificates.

there is an

However,

Vascul ar Lesions Affecting the Ceniral Nervous
System, Diseases of the Heart, Hyperlensive Disease,
Influenza, Preumonia, Bronchitis ISC B22, B25-32.
No significant evidence of heterogeneity of mortality
ratios in relation to distance from the hypocenter
although the
in the cities

is seen for any of these classes,
ratios those not
ATB are generally low.

mortality for

Ulcers, Appendicitis, Intestinal Obstruction Gasiritis,
Duodenitis, ISC  B33-36. Mortality
attributed to this miscellaneous group of causes is

elc.

significantly low in Hiroshima males and females in
the group not in city ATB.

Diseases of Liver, Nephrilis
ISC 580-583, B 38. Neither of these
conditions show significant evidence of heterogeneity
of mortality ratios
the hypocenter.

and Nephrosis

in relation to distance from

Detailed Distance Analysis. The mortality ratios
for all causes and for certain malignant neoplasms,
cities combined, are shown in greater detail by
distance in Tables 7 and 8. Male and female
survivors in the zones 0-1199m from the hypocenter
have significantly elevated mortality ratios for
all causes combined (Table 7) but ratios are not
elevated for zones 1200+m. Persons located 0-1199m
for whom dose estimates could be made were almost
without exception estimated to have received more
than 125rad (Fig. 4). For the majority estimates
are over 250 rad.
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TABLE 7 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES AND MALIGNANT NEOPLASMS EXCEPT LEUKEMIA
AGE STANDARDIZED DEATH RATIOS BY DISTANCE FROM HYPOCENTER AND SEX
HIROSHIMA + NAGASAKI

7 SRS LU MELL O BRI 12 L AFEC OB L 6 Uz IR
ER AL IECH : LA 5 OB - 1R, L5 e

Male 5 Female %«
Distance A Deaths FEC- &2 Ratio Deaths FEC & 5 Ratio
Observed Expected H Observed  Expected i
WeE HiF# HEd HEREE
All Causes
£RE
Total 3571 3477.0 102.7 3210 31224 102.8
<1000 73 56.3 129.7* 55 39.8 138.2*
1000-1199 142 112.1 126.7** 102 80.5 126.7*
1200-1399 242 245.8 98.5 228 204.9 111.3
1400-1599 281 293.0 95.9 256 270.8 94.5
1600-1799 309 338.4 91.3 283 275.0 102.9
1800-1999 304 317.3 95.8 280 283.0 98.9
2000-2499 820 772.1 106.2 810 795.0 101.9
2500 + 1400 13421 104.3 1196 1173.4 101.9
Malignant Neoplasms Except Leukemia
BRSFLADESTES
Total 2f 559 544.2 102.7 505 489.3 103.2
<1000 y | 9.0 7.8 10 6.5 153.8
1000-1199 24 18.4 130.4 24 13.9 172.7**
1200-1399 41 39.8 103.0 46 33.7 136.5*
1400-1599 36 46.8 76.9 36 43.7 82.4
1600-1799 53 53.2 99.6 59 44.6 132.3*
1800-1999 52 48.0 108.3 25 42.3 59.1**
2000-2499 144 117.8 i 129 119.0 108.4
2500+ 202 211.3 95.6 176 185.8 94.7

The death ratio differs significantly from 100 at (*=5%, **=1%, ***=0.1%) level
B ZATHN (x=5%, s*x=1%, s =0.1%) OKET I0LRHELZHFH3.
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TABLE 8 OBSERVED AND EXPECTED DEATHS FROM MALIGNANT NEOPLASMS OF DIGESTIVE ORGANS,
PERITONEUM AND UTERUS, AGE STANDARDIZED DEATH RATIOS BY DISTANCE FROM
HYPOCENTER AND SEX, HIROSHIMA + NAGASAKI
£8 HLE-NMBR23UFEOBENEMLIIRCORERS L UHFR
FRREECK: #Lits»5 0N - 15, ES5+RE8

Male % Female #
Dt u Deaths FE-# 5 Ratio Deaths ECE & Ratio
Observed Expected i Observed Expected H
Wl 0§ il L3 HFE
Digestive Organs and Peritoneum
HIiLH & L UHR
Total & 425 408.5 104.0 268 266.2 100.7
<1000 4 6.8 58.8 1 3.3 30.3
1000-1199 19 13.9 136.7 12 7.4 162.2
1200-1399 30 30.1 99.7 23 18.4 125.0
1400-1599 24 35.2 68.2 21 23.9 87.9
1600-1799 43 39.8 108.0 39 244 159.8**
1800-1999 40 35.9 111.4 12 23.1 51.9*
2000-2499 112 87.9 127.4** 60 4.4 93.2
2500+ 153 158.9 _3_6.3 100 101.3 98.7
Uterus 3=
Total 3 114 111.7 102.1
<1000 5 1.6 3125
1000-1199 4 3.3 121.2
1200-1399 13 7.8 166.7
1400-1599 8 10.0 80.0
1600-1799 6 10.2 58.8
1800-1999 8 9.5 84.2
2000-2499 32 26.8 119.4
2500+ 38 42.5 89.4
Other than Leukemia, Digestive Organs and Uterus
BERnEUAOLOD, HIELBELIUTFE

Total 2f 134 135.6 98.8 123 111.2 110.6
<1000 3 2.2 136.4 4 1.5 266.7
1000-1199 5 4.4 113.6 8 3.2 250.0*
1200-1399 11 8.7 113.4 10 7.6 131.6
1400-1599 12 11.6 103.4 T 9.3 71.4
1600-1799 10 13.3 75.2 14 10.0 140.0
1800-1999 12 12.1 99.2 5 9.5 52.6
2000-2499 32 299 107.0 37 27.7 133.6
2500+ 49 52.4 935 . 38 41.9 90.7

The death ratio differs significantly from 100 at (*=5%, **=1%, *** =0.1%) level.
HCEZINTH (*=5%, **=1%, ***=0.1%) OABTIN0L 2 HBLEF5H 5.
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The mortality ratios for all causes of death are
affected by the inclusion of deaths from leukemia,
of which 30 occurred in survivors 0-119¢ m in both
cities. Of the 372 deaths observed from 1950 to
1960 in survivors of this distance group 8.1% are
attributable to leukemia. For survivors 0-999 m,
leukemia accounted for 15 deaths out of 128, or
11.7%. Since elevation of leukemia rate is well
the heavily irradiated, the question
whether the high mortality ratios for
survivors in the zones 0-1199 m seen in Table 7,
can be explained entirely on the basis of leukemia.
If the ratios are adjusted to deaths from all
causes except leukemia, they become 110.9 for males
and 1236 for females 0-999m from the hypocenter;
1158 for males and 114.7 for females in the 1000-
1199 m zone. While none of these ratios exceeds
100 significantly, a combined test (sum of signed
square roots of x2) gives a normal deviate of
2.62, to 2-tail, p<.0l. Therefore.
the excessive mortality in the zones 0-1199m is
not wholly attributable to leukemia.

known in
arises

corresponding

The elevation of the mortality ratio for® all
causes 0-1199m from the hypocenter is found both
in Hiroshima and Nagasaki.
combined, the data are:

For males and females

Observed

BEFECH WFECH
276
96

Hiroshima 5 5
Nagasaki W

Thus, not only is the elevation roughly parallel
but it is very highly significant in both cities
(<. 001).

The mortality ratios for malignant
excluding leukemia vary irregularly with distance
from the hypocenter, but, in general, are high for
those 0-1399 m. However, significantly low ratios
for females at 1800-1999 m and
significantly elevated ratios are seen for males at

neoplasms

are observed
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fidio 0 -1199m OFEE 12 E30H 0 QA mHFEC
fAAEZHTVE0T, HRFEILFEAOECHIZE
ELRITF L2435, 1950545 1960F 2BES N
FroBEBEMORCEIR A0 58.1 B FEME
TH5. 0-99moOEBRECE, AMFIFECTE
12820 35 515%, T4Hs1l.7T% 524 5. RED
il ) £ 5o B A 2 2 E 0 B ERE S E
B, £T®00 -119m O @FEOILL LA EIMLHTO T
HHTEAZH LI POEMAELS. AMBERS
FERICEA2HCHEA520-99mTH110.9, X
123.6, 1000-1199m CH115.8, K 14.7 T H 3. =
NHEOMECEOVTHEI0 L OEHFAEIZZSZ W
FRCEADETRETSILERRBEE2.62L 7 3.
(FE2f LA BEEOFFBROM) ChiZEE
BREOBAEOEEN OLLUTTCH3 I L12HET 3.
LEA T RLOMA2AS5 0-119m OB
miamEZ T IcEE S 2 40T L.

LA S 0 -119m iz 15 2RO EC O
Wi EmLLEBOMNFIRZboNS, BLEgbeT

FECEEZRTERDEY THS.
Expected Ratio
FECH
224.6 122.9
64,2 149.5

TLobsMlicH I 3RCROMMA T EHIGL T
303%46F, ThTNEBHTHETSS (P<.001).

BOMA,SOERNICALK Y RO ZEETED
DFECHEZ 25 L AR EZEMHFNRETE S5, 2l
&5 L0-BYImOEDIIHETHLILENIT L
Arad. Libl, 1800-199mics 5 KFOREC



2000-2499 m and females at 1600-1799 m. Although
late radiation effects might explain the elevations
0-1399 m, the variation at greater
probably reflects the interplay of complicated
socioeconomic factors in both cities. These factors
may also affect the ratios 0-1399 m, so indication
of radiation effect is far from certain.

distances

For deaths from malignant neoplasms of the diges-
tive organs and peritoneum, the ratios are elevated,
but not significantly, for both sexes in the zone
1000-1199 m (Table 8) Again, beyond 1400 m the
rather irregular patterns are inconsistent by sex.

Malignancies of the uterus are not numerous, but
in the survivors 0-1399 m_
If the zomes 01399 m are combined. the observed
number of deaths-22 - differs significantly at the
1% level from the expected number, 1265. The
standardized death ratio is 173.9.

occur more frequently

For all
elevated in both male and female survivors(0-1399m,
but not significantly for males. For females, only
the detailed comparison in the zone 1000-1199m is
combined tests of the zones
01199 m or the 3 zones within 1399m reveal highly
significant elevations (P<.01)

other malignancies, death ratios are

significant, butl

Calendar Time

Table 9 shows the observed and expected number of
deaths from all causes and biennial ratio. Expected
numbers were calculated on the basis of the whole
experience, including those not in the cities ATB.
The ratios are plotted in Figure 9.

The excessive mortality previously noticed in
persons (1399 m from the hypocenter is apparently
largely confined to the first 4 years of observalion
in the Life Span Study (October 1950- September
1954). Within other distance categories, although
irregularities are seen, relative mortality after
1954 does not decline sharply as it does for males
and females in the 0-1399m zone. Females in the
zone 2000-2499 m had conspicuously high mortality
in 1951-52, but not so in 1953-54. Females from
the zone 2500+ m had significantly low mortality
in 1953-54.
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TABLE 9 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES AGE STANDARDIZED DEATH RATIOS
BY BIENNIUM, DISTANCE FROM HYPOCENTER, AND SEX
HIROSHIMA + NAGASAKI

£9 SEECHTARCOBERS S CMEE, EEIECH: 2 FMME - BLA 5 OMEEE - 5

I B+ Fehd
Male 5§ Female %
Tim;‘ mPeriod Deaths FECEM Ratio Deaths &2 R
Observed Expected H Observed Expected %
B s W 10 ¥
<1400m
1951-52 97 78.0 124.4* 97 650.8 159.5%*°*
1953-54 103 84.3 122.2* a1 65.5 138.9**
1955-56 95 89.9 105.7 75 69.8 107.4
1957-58 98 94.8 103.4 69 74.0 93.2
1959.60 64 67.3 95.1 53 55.1 96.2
1400-1999m
1951-52 159 181.8 87.5 152 154.3 98.5
1953-54 203 195.0 , - 104.1 152 168.0 90.5
1955-56 185 205.4 90.1 174 179.9 96.7
1957-58 216 2145 100.7 218 191.7 113.7
1959-60 131 152.0 86.2 123 134.8 91.2
2000-2499m
1951-52 148 155.5 95.2 191 150.7 126.7***
1953-54 175 161.9 108.1 157 161.2 97.4
1955-56 194 167.1 116.1 170 172.9 98.3
1957-58 187 168.3 111.1 183 181.6 100.8
1959-60 116 119.3 97.2 109 128.5 84.8
2500 + m
1951-52 296 257.2 115.1* 240 216.2 111.0
195354 305 273.3 111.6 206 235.1 87.6
1955-56 295 291.0 101.4 265 255.4 103.8
1957-58 321 303.6 105.7 305 271.7 112.3*
1956-60 183 217.0 84.3* 180 196.1 92.3
Not in City AT
1951-52 79 95.5 82.7 70 78.3 89.4
1953-54 169 180.9 93.4 155 163.8 94.6
1955-56 237 259.6 91.3 202 247.1 B1.7**
1957-58 248 272.7 90.9 242 262.7 92.1
1959-60 214 232.2 92.2 217 221.6 97.9

The death ratio differs significantly from 100 at (*=5%, **=1%, ***=0.1%) level
Bl shsh ("-5% **=1%, ***0.1%) o kiR CW0ELHBLBN S S,
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FIGURE 9 DEATHS FROM ALL CAUSES AND MALIGNANT NEOPLASMS EXCEPT LEUKEMIA AGE STANDARDIZED
DEATH RATIOS BY BIENINUM, DISTANCE FROM HYPOCENTER, AND SEX HIROSHIMA + NAGASAKI
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Similar data for mortality from malignant neo-
plasms excluding leukemia (Table 10) show the time
patterns for malignancy are not the same as those
for all causes. In particular, the ratios for those
0-1399m declined from 1951 to 1958, but rose
abruptly in 1959-60. a rise which finds no parallel
in the ratios for deaths from all causes. For the
survivors 0-1399 m, mortality from malignancy was
high during 1951-54, but was also high (significantly
for the sexes combined) in 1959-60-a period showing
deficiency in deaths from all causes. Among males
in the zone 2000-2499 m, mortality from neoplasms
showed an increasing trend during 1951-60 and
mortality from all in this group moved
irregularly up and then down.

causes

No obvious explanation can be offered for the
decline with time of the all causes mortality ratio
in those 0-1399 . Tuberculosis mortality declined
during 1951-60, and faster in the survivors than in
those not in the cities ATB3 but this affected all
survivors and, moreover, for both sexes the excess
of observed over expected mortality for the period
1951-54 far exceeds the excess for tuberculosis:
375 vs 145 for males, 60.9 vs 99 for females.

Leukemia might appear to offer an explanation for
the rapid decline in mortality ratios characteristic
only of the survivors 0-1399 m. However, for males
and females combined, the number of leukemia deaths
in those 0-1399m were 14, 10, 3, 10 and 4 in the
successive biennia so only a small part of the
decrease in total is attributable to
decline of leukemia.

mortality

The decrease with time in mortality ratios in
the
with many causes of deaths; it is partly attributable
to decrease in tuberculosis and leukemia.

survivors 0-1399 m appears lo be associated

In summary, the time patterns of mortality ratios
for deaths from all causes show, for the survivors
0-1399m a great excess of mortality in the early
vears, disappearing by 1955, However, for malignant
neoplasms, excessive mortality i1s seen in 1951-54, and
again in 1959-60. If radiation effects account for
these observations, the
suggest effecls which were decreasing, much as the
leukemia effect is known to do. IHowever, the data
malignancy suggest a long period of

data for total mortality

on may

28

AMEUAOBEREH L3OV T L
HoBGLRABoAB/ERLAE( £10). Zhiz2k3
CERFEMOERER FLEEROBA LR L TV
5128 b3, HUr0-139moBBEOECHIE
BELTIBIEFSI98FFE TR F L, &5121959—
OFI—a® 4 LRFBRECES. 2B E
i+ 2 LRAMEST 24T 40, 0-139m
ORI IZ2 0T IH1951 - S44E O B EWIC X
AFECHE A LW ET & 24, 1959 - 60 9
HbbEERETHLZECEFEEERRE LT w7 HH
CHEVTELEME (BLgbeiliflig) tho k.
2000 —2499m O W F O FrEWIEC 121951 - 60 4E (25
Mm+28@mE2MELLEY, ZOBFOLEFEHIZELZEC
EAREI XD FRL A

0 -13¥mop 2ECCLIFHCHYEOEAICFE
ZoTETFT3IEIZo0T, 1,50 EEEMT 32
EATEL G, BBEIECIZ195] -60EMICIE T L TV
AR TOBESHRBEFEHRNCOLALELNLE
BEFHFELV. BTFTRIRTOHEBE CBET
5, L2d Bkl 1951 -S4E MM & 5 /- flLoE
fifl o> HAFF I 12 6 -+ A BB S & AFELCH o B h &
a3 Iz ko Twa, $¥4bb5BFT3IT.5514.5
LT T60.95 9.9 T4 3.

FCHORELETIZ0 -139m O BBEF IS
NHEBETHIOTZOEAL LTLRAMKEL S
3. LAL, 0 -BYmoERE0AnE - EE+ 3
RUHRBAEbHZLEZ2EBIIZRTANM, 10,
3, 10, 4Th5. AMBECEMS LAV R,
LFECHOR Y ONEBHOZH AWM RE S 5.

0 —1399m @ 1 4 17 & O FEL Mo 4E i 13
ELOFREMEFFH S L5 2B ARk DD
—HSa3EgEs ivanEoRLIcEZE LTV S,

UE2EE+3L0-1B9m0BEREFZOLT
Hizr3FCHERNEET, ABEOWBIZED
REL{EELHCHIIBFICRL(BETEZ LW,
L» LESEHEWIZo>LTRRIBI-MEZTOHEBO
AL 54, 99 -60fFEI 5T LEUECHD FR %
RHE., LLIhGoBEERYMMBROEELRT
B L6 E, MM EROBA & R 2FER 2
£ BFECH A 6 Mo R AN 22 2 L AR S h



TABLE 10 OBSERVED AND EXPECTED DEATHS FROM MALIGNANT NEOPLASMS EXCEPT LEUKEMIA , AGE
STANDARDIZED DEATH RATIOS BY BIENNIUM . DISTANCE FROM HYPOCENTER, AND SEX
HIROSHIMA + NAGASAKI

£10 AMBUNOEETEMC L 3RCOREM L 6 CITHFM & & CBEECK
2EME - BLlA S OREE - B, KR+ R

Male B Female i
Time Period Deaths FECEH Ttk Deaths JECH K Ratio
1o R Observed  Expected " Observed Expected H
BE# HFE BEd o F L

«1400m
1951-52 17 12.6 134.9 13 10.2 127.5
1953-54 14 13.7 102.2 24 10.9 220.2***
1955-56 13 14.5 89.7 16 11.6 137.9
1957-58 13 15.3 85.0 13 12.4 104.8
1959-60 15 11.0 136.4 14 9.0 155.6

1400-1999m
1951-52 19 28.9 65.7 18 24.7 72.9
1953-54 35 30.7 ]_13.0 22 26.5 83.0
1955-56 30 32.0 93.8 20 28.3 70.7
1957-58 26 331 78.5 34 29.9 113.7
1959-60 31 23.3 133.0 26 211 123.2

2000-2499m
1951-52 21 23.8 88.2 26 23.0 113.0
1953-54 30 25.1 119.5 24 24.3 98.8
1955-56 32 25.6 125.0 30 25.7 116.7
1957-58 36 25.6 140.6* 28 27.0 103.7
1959-60 25 177 141.2 21 18.9 111.1

25004+ m
1951-52 44 41.2 106.8 26 35.0 74.3
1953-54 40 43.6 91.7 21 3.7 56,7%*
1955-56 44 45.8 96.1 54 40.3 134.0*
1957-58 49 47.5 103.2 45 42.6 105.6
1959-60 25 33.2 75.3 30 30.1 99.7

Not in City

fATRE

1951-562 8 11.3 70.8 7 10.2 68.6
1953-54 20 26.6 75.2 20 34.2 58.5
1955-56 44 40.8 107.8 35 37.6 93.1
1957-58 38 43.2 88.0 36 39.8 90.5
1959-60 34 37.0 91.9 32 341 93.8

The death ratio differs significantly from 100 at (*=5%, **=1%, ***=0.1%) level
BEhizehEFhn ($=5%,%=1%,+%=0.1%) OKBETWOLLHBLENFHSE.
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incubation for some late radiation effects which are
becoming manifest only by 1959-60. Such an inter-
pretation would accord well with the Hiroshima
Tumor Registry data,!2 which indicated high rates
for malignancy in closely exposed Hiroshima sur-
vivors for 1957-50.

Estimated Radiation Dose

Table 11 shows the observed and expected numbers
of deaths and age standardized death ratios for all
causes and for malignant neoplasms excluding leuke-
mia related to TH7Dose estimate. The tables are re-
stricted to survivors 0-1999 m from the hypocenter,
since dose estimates are made only within that range.
However, the expected numbers of deaths were
obtained by applying to the specific age distribu-
tions in a dose class the sex-age and city-specific
mortality rates for the entire observation base.

The mortality ratios are disturbed by the fact
that mortality is excessive among those for whom
dose is unknown because shielding could not be
determined for persons who died during the early
vears of the study. In consequence of this bias,
the death ratios appear low for those persons for
whom dose estimates are available. Nevertheless,
the death ratios, in general, are higher for the
persons with high estimated dose than for those
with low estimated dose: Among females, the ratios
for the 3 dose classes above 125 rad exceed those
for the classes below 125 rad; for males, the
ratios for the 2 classes higher then 250 rad exceed
those below that value.

Mortality ratios for malignant neoplasms excluding
leukemia are, for females, much higher at doses of
125+ rad then for lower doses. However, for males,
a similar elevation associated with high dose
in not seen.

In Tables 12 and 13 possible associations between
mortality and T57Dose are explored differently.
Limiting the subjects to those with dose estimates
the question was asked: "Is the average value of
estimated dose higher in those who died than in
those who were still alive at the time of the 1858-
60 koseki check?" Deaths analyzed were those

30

. LAaL, BUEHFED MY 2HEERS S KRS
12k B EMER T R AER 2R, 1959~
O IZ L > T THONAEEN L2 L& RET
L. 2Ok L EERIE1957 — 595 o WA 12 15 B0 BE B
WIREFH I CERMEOREELE NGV L E TR TIRS
MEEEHOER"? & kT 5.

HEAIRE

£FHE S L CAMLKEE BV EEBENEBFECHOH
BEIEL M L BRIRFEC B L R LR L L TS
HimE s oMEesRT R NOEY TH S, BROW
EN0—-199m OHIZIR -, THBHFEEREL 20
THEEZOHBNTHEELAEFEHEOZ DV TR
LAt Ths. WFECHITLECOME, Tk, #
HEIOF R L BEBESOTHBBKICS TEO T
LTk,

MEHmETHO#EBE VW TIECH 2, 20
ZEMBCHIIHEZRIFLTVS., ZhIEAHRED
FEIZPET LA i A R BT A 2 & A
TEhE A2z EA. CORYOHIZHEGR
Hhoo TVUAGEREORCEFEKESbNE. £
hictdphrbo L THABEDZ OHIBEDIEC
HEHARROLZOHEBELDL & Lo T 5.
£ Fm 125 rad bl Fo 3 oo EE O CRIZ IR
LTFToHREXS % ko Twad. BF0 250 radll b
D2oPBEESOEC I ToREX S 2 L
[l 5 T a.

HIELI O B e A5 &, K+ D 125 rad
Pl ooz sl ToBRoECi Ly &
Eaxiimn. L2L, BFroREREZZILLD
TEHFECHOBIIER 5Lk v,

%125 L FRI3THE & T 5THEFH B atia & & o i
PR A S A2 L AR RGN L o R HBTRIL L.
BENREHEFEES DD 5 TS HBEIZIRE LT

IZHELS L - # B 0 2 F ERR OTEE HT1958 — 604
OFGHEOBEIZETFLTVAEBREOZ T AHEE
BOTPHM LIV EZVLALVIHEZ LY LF. 20D



attributed to any natural cause by the death cer-
tificate and, separately. those attributed to
malignant neoplasms excluding leukemia.

Distributions of estimated dose are extremely
skewed (small numbers of estimates at very high
values) so a transformation to the common logarithm
of the total dose (neutron plus gamma) was employed
to enable application of the standard F test
criterion. This necessitated elimination of a very

BERCEHR s THE:BEZzALH L AMAE
BAOBEREWIZ L 3EC L0 2 BAOEHGL#
HLA.
HABBEMOD TEAL GG E LT 5 (HEiHA
OB THEVWEDPEES5). LidsT, Hilo
F ROl A TS 5 & 5 12 M (it -+ 7 v
B OEHNEEEE A, TOEBIZIE, BHEHE
BROSHEAZH 0rad ThH - LB PHOERBER

few persons for whom the total dose estimated was,

in whole numbers, 0 rad. {PEBEFEXT-.

TABLE 11 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES AND MALIGNANT
NEOPLASMS EXCEPT LEUKEMIA BY T57 DOSE AND SEX
HIROSHIMA + NAGASAKI

£11 W, AmMLILOBIEREDIC L ZECOBIEM % 5 U HIRF
TSTEHE - 55, KE+EH
T57 Dose Male 5 2 Female %«
Deaths #LC# % . Deaths FEC# % y
TS? #M Ratio Ratio
Obzerved Expected e Observed Expected ia
Rad el 0 Bl 0393 firl
All Causes
2%E
Total 2t 1351 1362.9 99.1 1204 1154.0 104.3
500+ 44 46.7 94.2 29 29.2 99.3
250-499 75 66.6 112.6 51 492 103.7
125-249 104 126.1 82.5* 134 132.7 101.0
62-124 116 132.6 B7.5 107 138.0 715"
31-61 a7 126.2 76.9%% 107 125.0 85.6
<31 120 151.5 79.2%* 126 149.9 84.1*
Unknown 73] 795 713.2 111.5%** 650 530.0 122.6%**
[ Malignant Neoplasms Except Leukemia
| BmELADBMREN
Total it 213 215.2 99.0 200 184.7 108.3
| 500+ 6 8.0 75.0 10 5.5 181.8
| 250-499 15 11.2 133.9 13 8.8 147.7
‘ 125-249 16 21.3 751 32 225 142.2*
62-124 18 220 R1.8 13 24.0 54.2*
31-61 16 19.4 82.5 19 19.8 96.0
<31 19 22.1 86.0 21 23.1 90.9
Unknown 4+ 123 111.2 110.6 92 81.0 113.6

The death ratio differs significantly from 100 at (*=5%, **=1%, ***=0,1%) level.
FECHIEZ AR (*=5%, 1%, 0 =0.1%) ORETW0LUHELENH 5.
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TABLE 12 COMPARISON OF AVERAGE LOG DOSE: THOSE ALIVE AT LAST FOLLOW-UP VERSUS
DEATHS FROM ALL NATURAL CAUSES AND DEATHS FROM MALIGNANT NEOPLASMS

EXCEPT LEUKEMIA BY AGE, AND SEX

£12 VHNESEROHE, BRBAEKRIIPIIEREENI X TOAREL LU
AmMBLNAOBEHEMCLIEEE: 8- 155
HIROSHIMA [X &
Age at Time of Bomb [ {04 i #5
Category
X5 Male % Female %
09 1019 2029 30-39 4048 5050 60-69  TO4 08 10:19 20-29 30:-39 4043 50.58 60-69 70+
Number of Persons
AR
775 203 505 692 404 119 16 1046 1041 1093 1234 1065 526 174 17
14 19 3z 9% 110 93 28 8 11 25 5 85 65 102 48
PR L AR ki 32 21 12 4 - 1 Fi 7 40 16 13 3
Average T57Dose
ESCRETE' S 3
: =
X e 11901 1984 2,108 1995 1994 2015 1952 1.840 1.885 1.988 1.963 1.934 2009 1.935 1913 1.840
Died, Natural Causes
- N . 2.068 2,108 2.066 2077 1.963 2.010 2061 1.958 2.137 2054 1.99% 1.943 1.931 1.972 1.967 1.973
Died, Malignant Neoplasms T
WM ES I LS E - 2,008 2015 1.902 2145 1.967 2,864 2,181 2301 1944 2,121 2,160 2.387
Variance Eatimate
Alive
T 22147 2641 2038 2491 2441 2384 2341 2215 2265 .2576 .2352 2287 .2103 .2077 .1968 .1237
Died, Natural Causes
PR ... 3951 (2166 .1575 .3269 .2483 .2797 .2516 .2825 .1624 .2341 .2749 2115 .1464 2000 .2306 .2589
Died, Malignant Neoplasms t
B Ewm-_ESIECE - 3771 3574 (1843 0622 1367 L0000 (3945 2897 1776 1714 2835 .01R3
Comparison: Alive ps Died, Natural Causes
EFECEREORE
Variance Ratio (F) 4y Rl . 1.025 798 110 789 333 007 2562 539 2219 179 116 011 2350 3R6 .B98 986
P L & — + + - + - - + + + + + + - + + +
Weight (W) lO®® ... & 14 18 30 84 86 53 10 & 11 24 34 79 58 64 13
Comparison: Alive vs Died, Mali t Neopl pt Leuk
EFELAMALUANEERENCIIRTEOLS
Variance Ratio (F) 9 MU . 261 (054 1,072 1.845 245 2.906* 1.394 4.087* 780 2.591 3.623* 6.815**
Stgn- 08 s s + + - T - - K - - 0 + +
Weight (W) DB ... 7 3 20 1 3 1 7 7 39 16 12 3
Continned # ¢
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TABLE 12 Continued Fl2ft =

NAGASAKI EiIF

Age at Time of Bomb [ a5 28

E(’ff, Male 5 Female &
09 1019 2029 3039 4049 5059 6063 0+ 09 1019 2029 3039 4049 5059 6069 TO+
Number of Persons
AR
Alive
7 e L Y T 74 109 152 124 30 3 490 451 358 349 251 130 41 5
Died. Natural Causes
BEK i 7 [ 2 i 15 33 28 5 9 9 11 a 26 33 31 20
Died, Malignant Neoplasms +
ERREWNC-ISRCE . 1 - 2 1 7 z - 1 1 - 3 10 5 1
Average T57 Dose
FHTIER
Alive
TS i 1677 1749 1749 1,723 1.765 1.694 1.645 1.505 1.637 1.739 1.754 1.662 1.680 1.703 1.653 1.763
Died, Natural Causes
B2E i 2009 1868 1.889 2015 1.710 1.670 1.832 1.691 1.879 1.906 1.965 1.943 1.623 1.680 1.729 1550
Died, Malignant Neoplasms
EREBEhCLSRCH 1.146 2118 1.591 1.825 1.863 - 2.303 . 2.520 . 1,592 1724 L1771 2220
Variance Estimate
SHME
Alive
EHE L e L2602 ,2401 2799 L2411 2796 .2598 1897 0174  .2602 2440 2475 .2622 2209 .2629 .2724 1073
Died, Natural Causes
BYFE . 21375 .3236 L0050 5133 2284 .1968 .1959 5501  .4260 .2082 3272 .3904 . 2834 .2527 .5316 .1845
Died, Malignant Neoplasms 1
BAERTEM L SIELH 0000 - L6050 .0000 .1771 .B6S6 - L0000 - .0000 2538 2258 2157 .0000
Comparison: Alive ps Died, Natural Causes
SHEHFLAREORR
Variance Ratio (FF) 7 K H: 2.942*% .349 137 3.220% 150 062 012 175 1.960  L.ODE 1,900  2.620 340 051 431 L1176
SIEn TR comommsm s o + - T + - - = + + + + + = = + -
Weight (W) TR oo, 7 [ 2 10 14 26 14 2 9 9 11 9 24 26 18 4
Comparison: Alive vs Died, Malignant Neopl Except Leukemi
EHEECENFUAOBERENC L IR CTHEO LR
Variance Ratio (F) 77 it 1 1.509 1.255 107 .439 421 1.699 2.963 104 016 211 1.621
Sign BB - + - + * e + = + + 4
Weight (W) B G ..., 1 2 1 7 2 1 1 3 g 4 1

The death ratio differs significantly from 100 at (* =5%, ** —1%, *** =0.1%) level. FELCH £ 2 h T 4 (" =5%, **=1%, *** =0.1%)

+ Mali -

except leuk

£ R LS o BEEE ST

ORRT0EEHBLENSLS.
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TABLE 13 SUMMARY OF COMPARISONS OF AVERAGE LOG DOSE: THOSE ALIVE AT
LAST FOLLOW-UP VERSUS DEATHS FROM ALL NATURAL CAUSES AND
DEATHS FROM MALIGNANT NEOPLASMS EXCEPT LEUKEMIA

£13 FHNHBROABORE, RERABCSUIEEIHTRTO
BRAES S UMM OBEREMCLSCE

Se Living vs ekt e Lri.“lri’;‘g vs e
L m Malignant Neoplasms
e Deaths from a!l-NaturaInCauses Except Leukemia £/ #
EFERHT ST OE M B 7Ll o0 B ST A 12 £ B TR
T JWF [TW ¥ TIWF JEW ¥
Hiroshima [E &
Male H.......... +17.55 17.41 +1.01 +3.37 B.49 +0.40
Female & ............. +10.14 17.06 +0.59 +22.21 9.22 +2.41**
Total 2t .. +27.69 24.37 +1.14 +25.58 12.53 +2.04°
Nagasaki &8
Male & +9.64 9.00 +1.07 +2.69 3.61 +0.75
Female & ... +13.32 10.54 +1.26 +4.85 4.36 +1.11
Total & ... +22.96 13.85 +1.66 +7.54 5.66 +1.33
Hiroshima + Nagasaki
EBR+RE
Male 5 ... +27.19 19.60 +1.39 +6.06 9.22 +0.66
Female % ... +23.46 20.05 +1.17 +27.06 10.20 +2.65%
TotalinBEauis +50.65 28.04 +1.81* +33.12 13.75 +2.41%*

Significant at (* =5%, ** = 1%, *** <0.1%) level

ROz thTh (=58, **w=l%, ***=0.1%) OXBTW0LLHELEHFEH5.

Individual city by sex by age groups for each of
the 2 cause classes were tested separately. The
F values have only 1 degree of freedom for the
numerators and many degrees of freedom for the
denominators,
with 1 degree of freedom. Combined groups were
tested by weighting the F value, and adding the
signed square roots of the products, taking the
plus sign to signify larger dose in the death cases,

so distributions were very near X2

and a minus sign the reverse. The weights chosen
were W = n“+m to the nearest whole number, since
these values are inversely proportional to the
variances of the mean differences on the assump-
tion of equal variances within age by cause groups.
Table 12 shows the intragroup variances differ
litcle. In Tables 12 and 13, all significance
levels reported are that is, are sensi-
tive only to deviations in the direction specified
by hypothesis, that mortality increases with
increasing dose.

one-tail
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Table 13 shows in every case considered, the
average dose for those who died was larger than the
average dose for those who were still alive at the
most recent koseki check. Comparing those living
vs deceased from all natural causes, the test for
combined sexes is significant for Nagasaki and for
the combined cities. For deaths due to malignancy
excluding leukemia the comparison is highly signifi-
cant for Hiroshima females, and is also significant
for all combinations including Hiroshima females
as well as the grand total.

None of the age-sex and city-specific comparisons
are significant among Hiroshima males or Nagasaki
females; however, multiple significant tests appear
for Hiroshima females ( malignancies) and Nagasaki
males (all natural causes). Of 32 comparisons for
deaths from all natural causes, 22 showed higher
doses in the deceased and only 10 showed higher
doses for those still living. This discrepancy
corresponds to X¥? = 45, p = 017 (one-tail), The
23 comparisons involving deaths from malignancy
were 18 times in favor of higher dose in the deaths
and 5 in the reverse direction. x2 =735, p=.0034.

Acute Radiation Injury

Apparently, mortality from all causes differs
little between those who reported and those who
denied having signs of acute radiation injury
(epilation, purpura or oropharyngeal lesions)
during the first few weeks after the bombings
(Table 14). However, mortality is very high among
those for whom the presence of acute injury is
unknown. This is a statistical artifact: Those
who died in the early years of the study, before
being interviewed, would be classified as unknown,
who lived,
usually by obtained. The data leave much to be
desired, but nevertheless convey no hint of an asso-
ciation between acute injury and mortality .

while for those information could

Burns

The data on burns (Table 15) suffer from the same
deficiency as those on acute symptoms. However,
they show no evidence of significant mortality
differentials by distance between those who were
and those who were not burned.
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TABLE 14 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES BY DISTANCE FROM HYPOCENTER,

ACUTE RADIATION SYMPTOMS, AND SEX
HIROSHIMA + NAGASAKI

Z 2FECHITICHERAS L CHEfA: #0255 0HEE -
S2EKEBERoEE - 5]

5B+ Eig
Acute Radiation Symptoms &1 i 6 AE R
Distance B m Present i Absent % Unknown A% 1H
Deaths FE( ¢ # y Deaths #E1=% 8 ] Deaths 6L # & 1
Ratio Ratio Ratio
Observed Expected e Observed Expected e Observed Expected i
M= E 1] 7 il A 55l B J08 % fil
Male %
<1400 135 138.7 97.4 273 2830 96.5 49 6.4 760.9
1400-1999 71 B4.5 B4.1 677 865.2 78.2 146 243 601.6
2000-2499 3o 33.3 90.2 513 702.4 73.0 277 53.2 521.0
2500+ 25 30.1 83.1 890 1276.1 69.7 485 74.1 654.8
Female #
<1400 116 111.9 103.7 224 221.7 101.0 45 4.8 929.8
1400-1999 70 83.3 84.1 626 T57.7 B2.6 123 17.2 715.1
2000-2499 27 36.2 74.6 53l T726.6 73.1 252 33.8 T44.7
2500+ 12 21.7 55.3 834 1145.1 72.8 350 50.0 699.4

TABLE 15 OBSERVED AND EXPECTED DEATHS FROM ALL CAUSES BY DISTANCE FROM HYPOCENTER,

BURNS, AND SEX
HIROSHIMA + NAGASAKI
#£15 2FEEICHTIBEES S UHFEA: BLkr 5 0HE - AMEOHE - )

R+ Eis
Burns X {8
Present {f Absent Unknown A% H
Distance i m Deaths 7E15 4 #t Hatio Deaths 5E 1= % Ratio Deaths EL # ¥ i
Observed Expected H Observed Expected H Observed Expected H
#REE 1 1%l WL Rl WEH UEES"
Male 2
<1400 70 713 98.1 343 350.1 98.0 44 6.7 658.7
1400-1999 171 213.0 80.3 583 737.3 79.1 140 23.7 590.5
2000-2499 92 135.9 67.7 459 593.7 77.3 269 59.2 454.0
2500+ 46 62.4 73.7 855 12243 69.8 499 93.6 533.4
Female =
<1400 53 4.7 118.5 293 290.5 100.9 39 3.2 1308.4
1400-1999 118 134.1 88.0 583 706.2 B2.6 118 17.9 659.2
2000-2499 39 68.7 56.8 b19 689.7 75.2 252 382 659.7
2500+ 23 3.9 60.7 810 1100.1 73.6 363 78.8 460.7
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Mortality in Relation to Location ATB

Location ATB is, firstly, an index to the amount
of ionizing radiation, shielding factors apart, to
which a survivor may have been subjected. Because
detailed shielding analyses, and hence, dose
estimates, can be prepared only for some of the
survivors, main reliance has perforce been placed
on distance from the hypocenter in the search for
possible radiation effects on mortality rates,
However, mortality rates vary with social class,
radiation effects, if present, may be con-
founded with mortality rate gradients rooted in
socioeconomic variations.

and

Unfortunately, place of residence ATB or at any
other uniform single time is not coded in detail.
However, the exact location ATB of each survivor
is on the machine tabulation cards. Hiroshima has
been divided into 14 areas, Nagasaki into 6, and
mortality from all causes and from malignant neo-
plasms excluding leukemia has been studied in
relation to these areas.

Figures 10, 11 and Tables 16, 17 give brief
description of the areas selected for study, show
the number of perscmfears at risk for the present
analysis, and age standardized death ratios for
mortality from all causes and from malignant neo-
plasms excluding leukemia. The expected number of
deaths in each area was calculated by applying the
specific age distribution for the person-years at
risk in the area to the age specific mortality
rates for all survivors of the appropriate city
and sex.

In Hiroshima, both sexes show quite high ratios
for total mortality and deaths from cancer in
Area I, which includes the hypocenter. The eleva-
tion of ratios for total mortality is statistically
significant for each sex Although the ratio for
malignant neoplasms is high in Area I, the difference
is not statistically significant, and an elevation
of equal magnitude occurs in Area XI, 2000+m
from the hypocenter. For females, only Area
Il is marked by a significantly high ratio for
malignant neoplasms. This mixed commercial and
residential area is 900-2099 m from the hypocenter.
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FIGURE 10 AGE STANDARDIZED DEATH RATIOS, ALL CAUSES AND MALIGNANT NEOPLASMS
EXCEPT LEUKEMIA BY AREA OF LOCATION ATB AND SEX
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®2103.991 111 .o
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HIROSHIMA 15 [
-Area Person-years Distance Characteristics Main Buildings
X WEEA R i ik 4 i
I 20311 <1200 m Commercial with high population density 5th Division ., Department Store 3 fif @ ¥
1 22385 900-2100 EANEEOERBRE 11th Infantry Regiment =+ — P ®
I 34051 900-2000 Commercial Residential f ®1 (€% City Hall University it
v 24041 1000-3000 Residential Semirural 3 AL IEd
A% 27129 1300-2200 Residential Prefectural Office
Vi 47714 1500-2500 Residential 5th Engineer Battalion
Vi 45382 2000-3000 Residential Hiroshima Station
vin 22776 2000-4000 Residential Semirural ff F#iEE Army Depot
IX 41681 2000-3500 Residential (EER[< Technical College Division LEHMER
X 41480 2000-5000 Residential k<& [
XI 21456 2200-3500 Semirural
XII 37519 2800-5000 Semirural a6 kb 1£ Toyo Automobile Industry #iF1L %
X1 46365 4500 + Industrial Residential L #tmi< (E<5@E Army Transport Base Shipyard FEUE A0 EEE 55 85 7
X1 10446 4000 + Rural TR b (X
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FIGURE 11 AGE STANDARDIZED DEATH RATIOS, ALL CAUSES AND MALIGNANT NEOPLASMS
EXCEPT LEUKEMIA BY AREA OF LOCATION ATB AND SEX

1l 2FEy L CEMKEE R EBEFEDICLIECOERMEBEERIECH: % - BUREE o 557 51
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& Hipdeenter [ 1200 V77 110118 B a0-100 V7 w09 <80
L b
AGE STANDARD DEATH RATIO F#pHE&E (LFEC Ik
Area Person-years Distance Characteristics Main Buildings
Hik (X o B AR i FRHE ' E &Rl
1 31452 <1800 m Industrial L ®i#E Medical School, Mitsubishi Steel and Arms Works
K - EUM - SEBRE
It 37542 1600-5000  Industrial Residertial T ®M# [ £ Mitsubishi Shipyard ¥ 3d
I 27274 1600-4500 Commercial @ERE Prefectural Office, Nagasaki Station, Nagasaki Wharf
v 25220 900-2700 Residential £l Y Eear R 0% iR
v 24150 900-2700  Industrial Semi-rural T 23X ##% K Mitsubishi-Urakami Ordnance Plant = #5585 — & ¢
Vi 14599 1000 + Semi-rural Rural @2 BETHRE
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TABLE 16 OBSERVED AND EXPECTED DEATHS AND AGE STANDARDIZED DEATH
RATIOS IN RELATION TO AREA OF LOCATION AT TIME OF BOMB

#16 WEECEH, BERCHEUS L CERMBMAIECIE: FUREF 0 i €30 X 3
HIROSHIMA K [

Male 5 Female %
:;ga omne;lths FECER Ratio Deaths JECH 2 Ratio
v Expected I Observed Expected H
B¥E BEE L3 161 % fill
All Causes
2EE
I 142 109.7 129.4** 111 90.2 123.1*
I 115 134.2 85.7 117 111.7 104.7
11 189 203.8 92.7 144 150.8 95.5
v 121 137.8 87.8 129 133.5 96.7
v 160 152.3 105.1 154 136.7 112.7
Vi 253 268.2 94.3 247 253.0 97.6
vl 270 267.8 100.8 244 246.2 99.1
VIl 114 114.2 99.8 130 120.6 107.8
IX 273 255.2 -~ 107.0 179 193.6 92.5
X 225 223.3 100.8 224 232.5 96.3
X1 114 106.2 107.3 115 113.9 101.0
X1 237 229.2 103.4 189 184.5 102.5
X 274 270.7 101.2 181 210.7 85.9*
XIv 59 59.7 98.9 70 64.3 108.9
Malignant Neoplasms Except Leukemia
BmBLNOEMSFTED
1 24 18.7 128.3 21 15.5 135.7
11 17 237 71.8 30 19.3 155.3*
111 30 33.2 90.3 30 26.4 113.6
v 18 23.4 77.1 25 22.8 109.5
v 31 26.4 117.6 26 23.0 113.0
Vi 45 44.5 101.2 33 41.2 80.0
VIl 54 45.6 118.6 31 40.1 17.3
Vil 19 19.1 99.7 23 20.7 111.3
IX 51 44.0 116.0 33 31.8 103.9
X 40 37.2 107.6 32 37.2 86.1
XI 23 17.5 131.3 16 18.1 88.3
XII 37 37.8 98.0 29 30.7 94.6
XIII 37 47.1 78.6 31 36.9 83.9
XIv 9 9.5 95.0 12 10.6 113.7

The death ratio differs significantly from 100 at (* =5%, ** =1%, *** =0.1%) level
FEC-HIE 2 LR (5%, *—1%, 4 -0u%) D KHETI00L BH ML LN L 5.
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TABLE 17 OBSERVED AND EXPECTED DEATHS AND AGE STANDARDIZED DEATH
RATIOS IN RELATION TO AREA OF LOCATION AT TIME OF BOMB
217 WEEIECHEH, WEFFECEHEH S L CEGBBEEEIECIE : SRS o P 76 H X5
NAGASAKI E &
Male % Female %

Area Deaths #ECH# ) Deaths FEC# & 3

2 Ratio Ratio
X Observed Expected Observed  Expected

L3 MR HEE i il
All Causes
£EE
I 153 162.9 93.9 121 121.4 99.6
)i 176 170.2 103.4 178 182.5 97.6
111 160 146.7 109.1 123 125.7 97.9
v 106 104.2 101.7 135 126.6 106.7
\'4 84 105.4 9.7 94 90.6 103.8
VI 68 61.9 109.9 81 82.1 98.6
Malignant Neoplasms Except Leukemia
BERLAOESTFES

1 13 18.9 69.0 16 16.1 99.4
11 21 19.6 107.3 31 24.7 125.4
1l 20 17.6 113.8 17 16.6 102.5
v 9 11.3 79.6 © 13 16.3 79.6
v 12 11.2 107.3 9 10.5 85.4
VI 10 7.2 139.9 9 9.9 90.9

The death ratio differs significantly from 100 at (* =5%, ** =1%, *** =0, 1%) level
FECHIZTATH (*=5%, »*=1%, **=0.1%) OKETW0L 3 HBELEH S 5.

In Nagasaki, on the contrary, Area I, which
includes the hypocenter, is characterized by low
mortality ratios. Areas II and III appear to have
high rates for malignancy among females, and it
may be more than coincidence that the character of
Areag II and III in Nagasaki (mixed commercial-
residential with high density) is more or less
comparable with Areas I, II, and III in Hiroshima,
where the rati6 for malignancy also is high
in females.

The data are obviously too scanty, particularly
in Nagasaki, to permit definite conclusions. The
Hiroshima hypocenter area apparently is characterized
by high mortality, but whether this is a late con-
sequence of radiation or results from some other
characteristic of the survivors correlated with
area, is impossible to say. The very different
patterns in Hiroshima and Nagasaki dictate cautious
interpretation.
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SUMMARY

1 The sample of 99,393 persons for the JNIH-ABCC
Life Span Study has been completed and each mem-
ber has been traced for survival to the period 1958-60

2 The survivors and those not in the cities ATB
differ  markedly in histories of foreign
residence prior to the bombings., Foreign residence
was much more frequent in the migrant comparison
group

3 Nearest the hypocenter shielding was, on the
average, greater in Nagasaki than in Hiroshima.
In consequence, burns and acute radiation injury
were more prevalent in Hiroshima than Nagasaki
for survivors in the 0-999 m zone.

4 A total of 8614 deaths were included in this
analysis. The most frequently assigned causes
of deaths were vascular lesions of the central
nervous system and malignant neoplasms.

5 Members of the sample not in the cities ATB had
lower mortality than did
at all distances.

ratios the survivors

6 Mortality ratios for survivors 0-1399 m were
higher than for survivors at greater distances
for all causes, all natural causes,
(Hiroshima males),
nant neoplasms.

tuberculosis
leukemia, and other malig-

7 Mortality ratios from all causes in those
located 0-1399 m from the hypocenter were
especially  high in  1951-62, and declined
thereafter. Ratios for death from malignant

neoplasms in the same group declined from 1951-
52 to 1957-58; and increased in 1959-60.

8 The average T57Dose was significantly larger
for those who died from natural causes, or
from malignant neoplasms excluding leukemia
between 1950-60 than for those who were still
living at the most recent check.

9 Neither burns nor the presence of acute radia-
tion injury were associated with high or low
mortality for fixed distance classes.
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10 Variation of mortality ratios by geographic 10, #EEE O BRSO o M 1z B as (L FE L 1
area of location ATB is considered partially ks L, FEHOKAO—HIZL L ¢ EE 20
attributable to social stratification in  the BOHARBOWELE2H T VR ENbho . 7

cities. However, especially in Hiroshima, high P i r ) ’
ratios were found in the area containing the e o FLRETIBLHE S UHIRTHEL

hypocenter and these may, in part, result from REDOREMECHIHIIH, KHROVEFE
late radiation effects. bha.
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TABLE 18 JNIH-ABCC LIFE SPAN STUDY SAMFPLE BY AGE AT TIME OF BOMB, SEX, AND DISTANCE FROM HYPOCENTER

HIROSHIMA
#18 FH-ABCCHSFIEEAN: &t - EERSER - B LH> S 0MEEN
K&
Distance ffijlf m Age i
Total #f 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+
Male 5
Total it 30697 6769 6500 2359 3860 5297 3807 1725 380
<1000 388 53 81 49 59 73 52 19 2
1000-1199 803 140 175 65 110 148 121 34 10
1200-1399 1496 305 230 117 222 304 212 87 19
1400-1599 1786 444 205 125 207 347 230 118 20
1600-1799 2047 4B 388 148 256 337 280 157 33
1800-1999 2316 438 697 175 266 343 254 116 27
2000-2499 4773 1304 912 323 496 734 612 319 73
2500+ 8794 1810 1862 673 1111 1547 1153 525 113
Early Entry + $HI A 1715 158 450 100 227 402 286 7 15
Late Entry + #%JA# 6579 1669 1410 584 906 1062 607 273 68
Female %
Total #f 43655 6831 Sfﬂ?i 7390 7604 6836 3968 2239 684
<1000 535 58 149 133 71 76 30 14 4
1000-1199 1089 146 252 192 179 182 88 38 12
1200-1399 2249 321 387 392 375 399 229 120 26
1400-1599 2763 447 369 452 533 480 278 164 40
1600-1799 3111 437 656 487 522 514 303 148 44
1800-1999 2756 448 548 467 455 379 259 145 55
2000-2499 6748 1262 1059 1026 1173 1043 667 378 140
2500+ 12474 1851 2346 2121 2132 2023 1182 633 186
Early Entry RJA i 2052 141 314 385 162 418 224 93 15
Late Entry #JB Al 9878 1720 2023 1735 1702 1322 708 506 162

Male + Female £ + &

Total it 74352 13600 14603 9749 11464 12133 7775 3964 1064
<1000 923 111 230 182 130 149 82 33 6
1000-1199 1892 286 427 257 289 330 209 72 22
1200-1399 3745 626 617 509 597 703 441 207 45
1400-1599 4549 891 664 577 740 827 508 282 60
1600-1799 5158 885 1044 635 778 851 583 305 77
1800-1999 5072 886 1245 642 721 722 513 261 82
2000-2499 11521 2566 1971 1349 1669 1777 1279 697 213
2500+ 21268 3661 4208 2794 3243 3570 2335 1158 299
Early Entry 5.0 A it 3767 299 764 485 689 820 510 170 30
Late Entry #IHA i 16457 3389 3433 2319 2608 2384 1315 779 230
1 Not in city at time of bomb. Early Entry: entered city within 30 days. Late Encry: did not enter city within 30 days.
FARER AT . B At <HIAM. WmAT: >308 12 Al
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TABLE 19 JINIH-ABCC LIFE SPAN STUDY SAMPLE BYAGE AT TIME OF BOMB, SEX, AND DISTANCE FROM HYPOCENTER

NAGASAKI
£19 TH-ABCCHGHER A3 - IS ES - B-Lies» 50 EEN
=2 -3
Distance JEZE m Age T
Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+
Male B

Total At 11007 2590 3147 941 1250 1600 1064 358 57
<1000 166 44 39 24 24 19 9 5 2
1000-1199 280 50 95 28 38 39 24 6 s
12001399 695 108 246 73 95 107 55 11
1400-1599 692 108 219 72 85 114 78 18
1600-1799 641 146 172 63 79 95 59 23
1800-1999 585 191 125 26 54 85 72 27
2000-2499 2053 673 595 99 118 253 205 88 22

2500 + 3025 638 868 280 374 468 201 92 14

Early Entry + S A 477 47 152 41 62 108 44 22 1

Late Entry + #®HA# 2393 590 636 235 321 312 227 66 6

- Female %=

Total #f 14030 2783 3989 2363 1805 1576 899 469 146
<1000 245 60 66 41 28 24 19 6 1
1000-1199 336 58 119 70 40 27 11 11
1200-1399 785 98 355 142 65 62 42 18 3
1400-1599 814 111 309 157 91 85 34 21 6
1600-1799 676 151 157 99 110 74 48 25 12
1800-1999 888 226 167 129 138 123 57 32 16
2000-2499 3089 681 666 433 403 442 286 138 40

2500 + 3717 698 1155 644 468 394 208 112 38

Early Entry SLE] A 349 55 91 57 53 55 24 12 2

Late Entry &M AT 3131 645 904 591 409 290 170 94 28

Male + Female 8 + %

Total it 25037 5373 7136 3304 3055 3176 1963 827 526
<1000 411 104 105 65 52 43 28 11 3
1000-1199 616 108 214 98 78 66 35 17 -
1200-1399 1480 206 601 215 160 169 97 29 3
1400-1599 1506 214 528 229 176 199 112 39
1600-1799 1317 297 329 162 189 169 107 48 16
1800-1999 1473 417 292 155 192 208 129 59 21
2000-2499 5142 1354 1261 532 521 695 491 226 62

2500 + 6742 1336 2023 924 842 862 499 204 52

Early Entry 508 A h 826 102 243 98 115 163 68 34 3

Late Entry # B A 5524 1235 1540 826 730 602 397 160 34

4 Not in city at time of bomb. Early Entry: entered city within 30 days. Late Emry: did not enter city within 30 days.

BB NATE. EMAd: <IHIZAW. BEA®: >0 ZAH.
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TABLE 20 JNIH-ABCC LIFE SPAN STUDY SAMPLE BY AGE AT TIME OF BOMB, SEX, AND DISTANCE FROM HYPOCENTER
HIROSHIMA + NAGASAKI

#20 T - ABCCHarFAEMAR : 1 - FHEEER - BLH 2 5 0 BREER

T B+ 5

Distance ZEEt m Age it
Total 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70+

Male 2
Total 3 41704 9359 9647 3300 5110 6897 4871 2083 437
<1000 554 97 120 73 83 92 61 24 4
1000-1199 1083 190 270 93 148 187 145 40 10
1200-1399 2191 413 476 190 317 411 267 98 19
1400-1599 2478 547 514 197 292 461 308 136 23
1600-1799 2688 594 560 211 335 432 339 180 37
1800-1999 2901 629 822 201 320 428 326 143 32
2000-2499 6826 1977 1507 422 614 987 817 407 95
2500 + 11819 2448 2730 953 1485 2015 1444 617 127
Early Entry + S Z A 2192 205 602 141 289 510 330 99 16
Late Entry + &E A 8972 2259 2046 819 1227 1374 834 339 74

% Female %

Total #t 57685 9614 12092 9753 9409 8412 4867 2708 830
<1000 780 0000118 215 174 99 100 39 20 5
1000-1199 1425 204 371 262 219 209 99 49 12
1200-1399 3034 419 742 534 440 461 271 138 29
1400-1599 3577 558 678 609 624 565 312 185 46
1600-1799 3787 588 813 586 632 588 351 173 56
1800-1999 3644 674 715 596 593 502 316 177 71
2000-2499 9837 1943 1725 1459 1576 1485 953 516 180

2500 + 16191 2549 3501 2765 2600 2417 1390 745 224
Early Entry S8 A 2401 196 405 442 515 473 248 105 17
Late Entry #H Al 13009 2365 2927 2326 2111 1612 878 600 190

Male + Female 8 + %4

Total &t 99389 18973 21739 12053 14519 15309 9738 4791 1267
<1000 1334 215 335 247 182 192 100 44 9
1000-1199 2508 394 641 355 367 396 244 29 22
1200-1399 5225 832 1218 724 757 872 538 236 48
1400-1599 6055 1105 1192 BO6 916 1026 620 321 69
1600-1799 6475 1182 1373 797 967 1020 690 353 93
1800-1999 6545 1303 1537 797 913 930 642 320 103
2000-2459 16663 3920 3232 1881 2190 2472 1770 923 275
2500 + 28010 4997 6231 3718 4085 4432 2834 1362 351
Early Entry 5.5 A ifi 4593 401 1007 583 804 983 578 204 33
Late Entry 1 A il 21981 4624 4973 3145 3338 2986 1712 939 264
4 Not in city at time of bomb. Early Entry: entered city within 30 days, Late Entry: did not enter city within 30 days.

i 18 0% 7 A 2. R AR: <BBEAH. WA >30H 2 Al
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