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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 on the mortality for
1950-59 in Selection I and II of the JNIH-ABCC
Life Span Study were responsible for the present
analysis and interpretation, as well as for the text.

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

The Life Span Study' conducted by the Japanese
National Institute of Health (JNIH) and the Atomic
Bomb Casualty Commission (ABCC) is of central
importance in the investigation of the late effects
of the ionizing radiation released by the atomic
bombs at Hiroshima and Nagasaki in 1945. The
magnitude of the task, involving individual determi-
nations on the eligibility of 195,000 names of
survivors listed in supplementary schedules to the
1950 National Census as resident in Hiroshima
and Nagasaki, and of 100,000 individuals not in
either city at the time of the bomb (ATB), coupled
with other requirements of the Unified Program

at ABCC, have led to the selection of the mortality

sample in several parts. The first part(Selection I)
was chosen in 1958 as the basis for the Adult
Health Study,”® a continuing clinical investigation
on 20,000 subjects providing comparative data on
disease and specific abnormalities apparent on
physical and laboratory examination. The mortality
of Selection I for 1950-58, and the general plan
of the study, were the subjects of the first report.’

In this second report the additional information on
Selection II, covering approximately 6000 deaths*
in 70.000 subjects in the period 1950-59, is

presented in combination with that for Selection I.
Selection III was effected in May 1961 and
brought the total sample to 99,393. In later
reports the combined experience of all 99,393
subjects will be examined.

Dosimetry is estimated by methods developed by
the health physics group at Oak Ridge National
Laboratory.*®* From location ATB, the shielding
configuration, air-dose curves, and attenuation
factors an estimated tentative (T57) dose is derived

# =

FaEE G196 FECEBEEgICETEALE
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T, FHLTFHEERERTH) LRREENEEES
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EhEzROPCHhUTREBREZ 52 Lh 0. £F
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BRoORSroEBFCcEx3L ML THS.
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99,398B8¢ 455, Z0N9,3BOFEREHIZE £TLRHE
OEMIIEBEICOFEZ L2 L .

EREOZTEEOBIE X Oak Ridge National
Laboratory D @ EHIB IV —TOAL2H3tE L~ Hik
12k5.45 0-199m CHEBIERMIZIOEALER
HERENCVWEZAFZEAZBR(TO) 2 B0 S,

*The first report included 1212 deaths occurring from | October 1950 through 30 June, 1958. In the present report known deaths in Selection I
through 30 September 1958 numbering about 1300 have been used together with the deaths in Selection 11 through 30 September 1959,
EIMZINFWA1IBENI98FE HNBOMEIRE LARROECE2HRII LTS, *EBEC MR ] 019585E9 A0H
:TEEELARCBOL 9N ESANAEZ TOBREIORC L4 bt TRIT ST L 2.



for each survivor who was 0-1999m of the hypo-
center, in the open or a house of light wood
construction.

Mortality information has been secured from the
official registers ( koseki) maintained under the
Japanese Family Registration Law and from special
death notices based on Japanese Vital Statistics
Death Schedules. A test of the completeness of
mortality information recoverable by this process
is summarized in the first report." The registers
were found for 99.9% of the sample, and death
information was 99.3% complete. Cause of death
has been coded according to the WHO Inter-
national Classification of Diseases, Injuries and
Causes of Death,® supplemented by instructions
developed by the Division of Welfare and Health
Statistics, Health and Welfare Ministry, and is
believed to be comparable with Japanese vital
statistics.* The accuracy of stated causes of death
on the death certificate has been the subject of a
special study by Stone and Anderson’ and is”
reviewed in the first report.'

Since investigation of eligibility for the sample
of survivors was confined to the 195,000 resident
in Hiroshima and Nagasaki in 1950 and did not
extend to the 89,000 survivors enumerated else-
where in Japan, the sampling plan is subject to
2 exclusions of importance:

The entire 1945-50 experience;

The experience of Nagasaki and Hiroshima sur-
vivors who migrated prior to the census date.

COLLECTION OF DATA ON SELECTION Il

The sampling sources have been described in
the first report.' When Selection I was made,
field investigation of the 195,000 resident survivors
was 97% complete. At the time of Selection 11 it
was 99.8% complete, and in August 1962 the
figure was 99.9%. The 189 names thus far elud-
ing ABCC field investigators would, if all were

ERoKI, FhER, EEHEORIEEHLIVERL
Whrs EhEThidt L~

LM T 3B A0FRMEIc L TEREL
TVALAAOBIMEE):HE0 ALIRIRESE 23—
ERICERLACHEEZ P AT LE. ZoEd
LR & FORMERSIZAFTEI A IR TIIE 1A
CHELTHAPABHRAHMLTVELDELT >
TLDYI%IzH LT, TAMMOER» ST
BEioNN.3%I2VTFE&»SLIECEMHERTE
o. RERFEARIBAESEROMWE 2L Y WHOE
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AFEHORHAR A ANSEEH L EEHF T &
5." RCBINBERO TR L T3+ T Stone
#H L FAnderson 7 ABRFEFTLIVIOBREEIT1H!
ZRELTH S,

F v Zdh o - o o A F S #EEN L
E, REOEEHFOEERSE 195,00012Ry, EE, &
L CEC#EBEE08,00Z R A0 T,
HoTLBERFCZZOo0BMAI I LA +4b5,

1945 —S504E ) £FEC ;

EHSEBERLUM LTS THALENLALE L&
W EBE D SMEE L AFECEMEo N R 5 R+
Sl (et ooy

BRENCSTI2EHONE

7B ECEALTRT TSI E 38
LTa3. BT oMHEERz2, 1%5,000#%EE
ZH L TEBTRE2HABEOTS FHET LTV,
ERFNOMMBAFICE9.8%#T LTEN, 19624
NDBBIERCOMFELEESIZN.9%ETHITEI LA
Ti /. ABCCOWIEBELTTHETH - =i 189 #

* Appreciation is expressed to Dr. Fusa Ueda of the staff of the Division of Welfare and Health Statistics, Health and Welfare Ministry, for

review of ABCC coding and consultation on special problems.
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eligible and deceased, represent a maximum error
below 3%. Field investigation of the 100,000
names of persons not in either city ATB was
incomplete at the time Selection | was made, but
by August 1962 only 916 individuals, or 0.9%
remained to be found.

In Table 1 the steps in the accumulation of the
mortality sample are shown. Selection II virtually
completed the selection of subjects from the 1950
list of A-bomb survivors. For Selection III there
remained chiefly the choice of additional subjects,
principally in Hiroshima, for the so-called non-
exposed component of the sample —that is, persons
not in either city ATB. The term ‘nonexposed’,
while convenient, is not entirely appropriate for
this group because about 17% entered the cities
within 30 days after the bombing and hence a small
fraction may have experienced small amounts of
residual radiation.” However, the term nonexposed
will be used as a contrast to survivors, that is,
persons located in the cities ATB.

TABLE 1 SAMPLE FOR JNIH-ABCC LIFE SPAN STUDY BY SELECTION, CITY, AND DISTANCE FROM HYPOCENTER
#1 THf-ABCCHGEAY > 78 - BRE, LOESS LB RS S DERY

E%b.

L Lis Bz,

ZOEYINY TR
#EEMEEYE, POFECLTVAELLTEZOAEDIC
EFIMEIIBLUTTH5. BREBIAMB LA
=, FEsEdHIzw S 5 4 100,008 2468+ 3 55
HEIEEET LTS 2 5 122,
916 A,

1962 8 A -z
TLbbs0.9% 2RI LETE LS.

BEaFEF TVORNEEEZEREN LI TR

TER1IDABINTHS. ERBENICDVTINFEOH
BEVAIrooMBEERFELET LA, BRELC

B lraiEEoONRBIZEL LEBOD,

wbhw 3

BREBR ST IS TN, T4 bERBERTHIC
WA EEoEBIMT‘EcLChs. FHEBELY
IMBHEENLZEOTHS. FEREDIT%DL DD

MRy FH0BFLAMIEEENIZIA- T WS, bidE
a0t oks REORABKMEMS 220 Tw
LA TINE0EDEERME LI L3
T4 TH 30, ARESCILWEE» FURREN T
WALOLERT S ML TERBEL VI ELE

3.

H+aZe&izLli.

Distance £ m Seﬁ]l;.\'tgign Hit;;l;‘m Na;as;ki T‘?f.]
In city or environs ATB HEBHAXZESIIwWAS

0-1999 1 6855 3125 9980
1 14347 3503 17850
m 127 173 300
Total & 21329 6801 28130

2000-2499 1 . - .
11 11473 5071 16544
1 51 73 124
Total 11524 5144 16668

2500+ I 3431 1559 4990
11 17771 5061 22832
I 73 122 195
Total 3 21275 6742 28017

Not in city or environs ATB

HBRliAXEESCcwI, 2R

I 3433 1559 4992
1 9054 3929 12983
I 7741 862 8603
Total 20228 6350 26578
Total 3f I 13719 6243 19962
I 52645 17564 70209
4 7992 1230 9222
Total & 74356 25037 99393




Eligible survivors located 0-2499m of the hypo-
center were accepted in foto, regardless of age
and sex, but those 2500-9999m were chosen from
a much larger group of eligibles by means of
random numbers and so as to reproduce the age
and sex distribution of those 0-1999m. Prior to
Selection III, the nonexposed segment was incom-
plete and the 17,975 persons of this category in
Selections I and II do not have exactly the same
age and sex distribution of survivors located
0-1999m from the hypocenter.

In Table 2 the observation period for mortality
is displayed for Selections I and I, and in Figure
1 the number of person-years at risk for mortality
is shown by age, sex, and distance from the
hypocenter, Nagasaki and Hiroshima combined for
Selections I + II, the basis of this report. In
this accounting, a person is considered to be at
risk in a given vear (1 October to 30 September)
if he were alive at the beginning of that year.
The observation base has not been reduced to take
account of those who die during the year. Thus,
although the term moriality rate is used for con-
venience, what is actually being ‘measured is the
probability that a person alive at the beginning of
the year will die during the year. For ease of
reference each observation year is referred to by
the calendar vear in which it terminates: thus
October 1950 to September 1951 is called
simply 1951.

GHREE D —2499m Iz AL FEO L L TH Y T
BIROELOOFR( ML S5 E0FE, 58T
Al iMBToRE LA, LA L2B00—
99m MM wALEFEETCEY Yy TLEROEDOE
HEXEBELTVIL0FE VO TEEFZLZAHVTHL
LO0—=199m OH# >~ 7 IR, EF—BHFT5L51C
L. BEBREOS Y 7L ERREBED oM FEL L
ViELLZEOE LSV, FARREFI, NIZET
317,950 HBEOEM, OB 0—199m O
SBFFELLTLEEL TR V.

FCEEOBMEMMEBREI LI ZHIT TR
FTLE2OENVTHA. F-EFESOMENRILE
REILN246bEL2EDTHEIHEOETREFH,
%, Bl S ERNI-ESLEBOEHMEZELET
Re—y v A Xx—BTCRTEHLDBYTHS. /S—V
Y AY-REFFIEFELTVALOTZEOEOIR
1B25RFEOIANBETEFELLELOEFHE DN
BETEH. FOEMTRECLASSICLSERS G
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Ttizlx Thbb, 195010, 51951 9 H
DM A HIZI96LIE S e LI+ 5.

TABLIE 2 PERIOD OF OBSERVATION FOR MORTALITY JNIH-ABCC LIFE SPAN STUDY
BY SELECTION AND SOURCE LIST

K2 T -ABCCH GO FEC BN - GBI & & O > 7 il R

Period of Possible Observation

Selection Date of Number of Persons liidiil
4R B Source List Date H {¢ Number of
£ ok -4 . = Years
il OF K Starting 1 Oct.  Ending 30 Sept.
104 1 H M sppxT  FH
1 1950 19,271 1950 1958 B
1951 525 1951 1958 7
1953 166 1953 1958 5
1 1950 64,059 1950 1959 9
1951 3,334 1951 1959 8
1953 2.817 1953 1959 6

1950 Source Lists: National Census: 1st ABCC Sample Census; N

ki C

VOTEHENE: ANAA: F 1 HABCCEFAY: ENEANETGEAX

1851 Source Listss 2nd ABCC Sample Censas

A FRAES: R2HABCCEFMA

1953 Source Lists Hiroshima City Daytime Censes 19535 BEH: LOHFEMADEE
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A notable feature of Figure 1 is the deficit of
males at ages 20-49. This results from the fact
that a very large fraction of the young adult male
residents of the cities were away at the time of the
bombings, for the most part in military service.
Although thousands of troops were in Hiroshima
ATB only a small fraction were residents of
Hiroshima, and the survivors had scattered to their
homes throughout Japan by the time of the 1950
census. To this date, the logistic difficulties of
field investigations on an adequate number of such
men have seemed too formidable to attempt. Thus,
male survivors of military age ATB included in
this study were almost all characterized by not
being in military service, while most nonexposed
males of these ages were in the military. It must
be presumed that differences in health status
played some role in the choice of young men for
military service. Other differences distinguishing
the survivors from those not present ATB, which

interfere with comparisons in 1950-59, are dis-

cussed in the first report.’

Beginning with the present report it is possible
to make at least limited use of the T57Dose:?
developed on the basis of the Oak Ridge National
Laboratory attenuation factors and York's air-dose
At best the T57Dose estimates are
considered to be accurate, for each city, only to
a factor of 2, i.e., the true dose may be 50-200%
of the T57 value. A large measure of uncertainty
applies to the air-dose estimates since the yield of
neither bomb is accurately known. Figure 2
shows, for each city, the average T57Dose as a
function of distance from the hypocenter based on
all shielding interviews through 1960. The range
of dose is enormous from an average of less than
20 rad near 2000m from the hypocenter to values
of 2000 rad. Although very few survivors are
estimated to have received such large doses as
2000 rad, moderately large numbers are estimated
to have had in excess of 300 rad.

curves.

Since dose estimates have not been prepared for
all survivors who were 0-1999m of the hypocenter,
as a simple approximation survivors in each 100m
zone were assigned the average T57Dose for
that zone. This procedure is less than ideal but
it seemed likely that the inaccuracies would prove

Al TEBTREZLEIFRHRAD-VOBETOHD
FTRTH2. @HiBEOBFHEDEHFRBEFICH
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FIGURE 2 AVERAGE T57DOSE, GAMMA + NEUTRON, AND NUMBER OF SHIELDING INTERVIEWS
BY DISTANCE FROM HYPOCENTER AND CITY
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to be of minor importance compared to the 150-
fold variation in dose as between 700 and 2000m.
It must be emphasized, however, that in view
of the various problems regarding dosimetry
mentioned above, it would be unwise to regard
the particular numbers used for dose as more than
indexes useful for internal comparisons,

Analyses of Data

Three main approaches were used:
Comparison of survivors in the zones 0-1999m,
2000-2499m; 2500-9999m from the hypocenters;

and nonexposed persons;

Comparison of survivors in the zone (-1399m
with those in the zone 2500-9999m:

Analysis of the regression of mortality rates on
average T57Dose for survivors 0-1999m from
the hypocenters.
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Comparisons were, in general, made on an age-
sex-specific basis. Statistical tests were city-

specific.

Comparability of mortality rates in different
groups was tested by the standard X* technique,
in which observed deaths in each group are con-
trasted with those expected on the hypothesis of
equal rates. Tests were performed at the signifi-
cance levels of 10% and 2% rather than the
customary values of 5% and 1% to enhance
detection of radiation effects if they should be
present. These levels are equivalent to 5% and
1% levels for so-called one-tail tests, that is, tests
directed against departure from equality in one
direction only.

The analyses of regressions of mortality rates
on TH7Dose estimates employed as a model the
reasonably well-documented experience with
respect to leukemia.® '"  Within the dose range
of interest here it appears that the incidence of.
leukemia is, at least approximately, a linear
function of dose. The regression analyses tested
for the existence of such linear relations.

Procedures used for estimating and testing
regression parameters are given in Appendix [
with the results, which were essentially no differ-
ent from those based on the simpler zone com-
parisons. Hence only the latter are reported in
the main text.

Mortality from All Causes

With 750,730 person-years of observation and
7303 deaths for Selections [ + II the crude death
rate was 9.7 per 1000 over the whole period. In
the report' on Selection I, Japanese vital statistics
for the period 1952-53 and 1956 were used to
estimate the expected number of deaths in the
sample, and resulted in an overall ratio of observed
to expected deaths of 1.025. Mortality rates for
Selections I + II were compared by sex with
mortality rates for Japan in 1950, 1955, and
1960 (Fig. 3). The 1950-59 rates for the Life
Span Study appear reasonable in the light of the
changing rates for the entire Japanese population.
Mortality rates for the 4 principal distance groups
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FIGURE 3 MORTALITY RATES, LIFE SPAN STUDY 1950-59 AND ALL JAPAN 1950, 1955, 1960
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are compared in Table 3 and Figure 4. Little
difference was noted among the 3 distance classes
of survivors but, as previously reported,’ in both
cities the nonexposed have lower mortality rates,
particularly at ages 30-39 where the rates are
much lower than at ages 20-29. In Hiroshima
differences between nonexposed and survivors are
found consistently in each of the decade age ranges
from 30-69. In Nagasaki the data are similar,
but the differences are of smaller magnitude. It
should be pointed out that, the first report used
age ATB, but the present report uses age aif
observation.

Investigation of the age group 30-39, where the
discrepancy between survivors and nonexposed is
greatest, reveals that the difference arises from
deficits among the nonexposed in many causes of
death but principally from tuberculosis. A total of
35 deaths would be expected in Hiroshima males
of this age on the basis of the rates for survivors.
Only 15 were observed. The deficit of 20 deaths
represents 9 for tuberculosis, 2 each for accidents,

80+ _ 5-19 20-29 30-39 4049 50-59 60-69 T0-79 804
.
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TABLE 3 NUMBER OF DEATHS AND DEATH RATE ALL CAUSES BY AGE, SEX, CITY,
AND DISTANCE FROM HYPOCENTER

#3 EWHOIECE EFECE - FEE, M REEWS L RO 5 o HEEER
City Nt Male % Female 4
4 Observation Distance #H# m Not in eity Distance 8 m Not in eity
BLAEAS i 0-1999 20002499 2500+ FEHAE 0-1999 2000-2499 2500+  JEEME
Number of Deaths FEH

5-19 33 21 41 23 31 16 29 5

20-29 87 37 99 44 62 29 80 33

Hiroshima 30-39 53 20 18 20 7 39 73 28

Na;asaki 40-49 112 43 102 64 102 71 107 50

b B 50-59 265 141 261 89 182 137 181 45

60-69 325 237 384 98 238 155 228 85

70-79 314 213 315 90 289 210 271 137

80 4 79 65 77 39 137 123 143 97

Total 2t 1248 777 1327 487 1112 780 1112 480

5-19 24 12 27 17 16 6 12 2

20-29 44 21 64 28 44 16 59 11

30-39 38 13 31 15 51 30 54 17

Hiaki 40-49 85 33 82 39 83 41 88 29

I 50-59 206 102 203 56 149 98 151 23

60-69 256 172 313 65 193 99 180 55

70-79 271 162 261 67 239 150 215 102

80 + 70 52 72 34 108 93 116 71

Total it 994 567 1053 321 883 533 875 310

5-19 9 9 14 6 15 10 17 3

20-29 23 16 35 16 18 13 21 22

30-39 15 7 17 5 20 9 19 11

Nagasaki 40-49 27 10 20 25 19 30 19 21

ety 50-59 59 39 58 33 33 39 30 22

60-69 69 65 71 33 45 56 48 30

70-79 43 51 54 23 50 60 56 35

80 4 9 13 5 5 29 30 27 26

Total it 254 210 274 146 229 247 237 170

Death rate/1000 FETE 000

5-19 1.39 1.12 1,71 1.27 1.28 87 1.18 27
20-29 3.19 3.10 4.69 3.22 2.06 1.91 2.63 2.01
30-39 6.01 4.86 5.25 2.20 3.17 3.00 3.14 1.74
Hiroshima 40-49 8.84 7.49 7.81 5.75 4.65 5.11 4.77 4.39
Na;;saki 50-59 16.46 17.11 15.87 11.11 9.63 11.26 9,31 6.70
EE o ER 60-69 31.01 38.57 36.60 29.09 21.63 20.33 20.19 22.03
70-79 B4.82 84,32 85.64 79.09 59.78 58.84 54.21 53.77

80+ 140.6 179.1 138:5——234.9 137.6 143.0 131.7 130.9

Total 7t 12.0 12.6 12.6——10.5 8.3 8.4 8.0 7.2

Continued it <
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TABLE 3 Contimed F£3#H %

City Ageat Male 5 Female 4
P Observation Distance =& m Not in eity Distance 58 m Not in eity
HEREE 0.1999 2000-2499 2500+ FEEH 01999  2000-2409 2500+ @ FEEH
5-19 1.35 .98 151 1.41 .91 51 67 A7
20-29 3.06 2.83 4.44 3.34 2.14 1.64 2.84 1.12
30-39 6.06 4.07 4.76 2.35 2.91 3.25 2.99 1.55
Hiroshima 40-49 8,84 7.24 8.30 4.89 4.56 3.99 4.73 3.7
B 50-59 16.47 16.50 15.97 10,01 9.37 11.49 9.22 4,96
60-69 30.29 36.58 37.20 26.51 20.47 18.57 18.61 20.25
70+ 92.81 94.61 91.01 97.12 69,40 72.69 63.31 68.06
Total it 11.9 12.0 12.6 9.9 7.9 7.9 7.6 6.5
5-19 1.49 1.37 2.30 1.00 2.26 1.50 2.52 45
20-29 3.50 3.54 5.21 3.03 1.89 2.37 2.18 3.31
30-39 5.89 7.58 6.49 1.87 4.08 2.40 3.64 2.16
Nagasaki 4049 8.83 8.45 6.28 7.93 5.07 6.32 4.95 5.91
Eis 50-59 16.41 18.95 1555 13.64 11.03 10.71 9.79 10.57
60-69 34.02 45.05 34.13 35.99 28.57 24.41 29.63 26.27
70+ 88.1 102.1 102.6 106.1 95.2 82.9 96.8 81.7
Total 2 12.2 14.3 12.9 11.9 10.4 9.6 10.4 9.3

Death rate all 1otals age standardized to the total observation base. ECFEFEROEL EANMBR >V THE L 4~

leukemia, diseases of the digestive system and a
residual class, and 1 each for infectious and
parasitic diseases other than tuberculosis, vascular
lesions of the central nervous system, and heart
disease, There were no deaths in this age group
from malignant neoplasms other than leukemia,
among survivors or nonexposed.

The curves of Figure 4 show no relation between
distance class and mortality rates that is consistent
with a radiation effect on mortality from all causes.
Indeed, the age-standardized mortality rates for the
3 distance groups of survivors are quite similar.
This does not, of course, mean that radiation has
no effect on mortality rates. It is known, for
example, that closely exposed survivors have much
higher death rates from leukemia than do the non-
exposed or those located beyond 1400m. What it
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FIGURE 4 MORTALITY FROM ALL CAUSES, DEATH RATES/1000 BY AGE, SEX, CITY, AND
DISTANCE FROM HYPOCENTER
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does mean is that effects in the 1950-59 period
must be sought among persons whose average
dose was higher than the average for all those
located 0-1999m and also, possibly, that the
search must be more sharply focused on deaths
from particular causes, which are otherwise sub-
merged among a larger number of deaths unrelated
to radiation. At this stage of the analysis it
appears that the obvious and large differences
between the nonexposed and the survivors reflect
their initial lack of comparability, apart from
radiation. The lack of comparability is most easily
explicable on the basis of selective mechanisms
affecting migration.

In order to sharpen the view of any possible
effect of radiation on total mortality, in Table 4
and Figure 5 survivors 0-1399m are compared
with those located 2500-9999m from the hypo-
center. The only significant differences are for
males aged 5-9 and for females aged 70-79.
The findings for males aged 5-9 largely reflect
Hiroshima data where there are 8 deaths compared
with 1 expected on the basis of rates for all
survivors at these ages. No particular pattern is
discernible in the causes to which these 8 deaths
are ascribed: 2 each were attributed to trauma,
diseases of the digestive system, and a residual
class; and 1 each to infectious diseases (excluding
tuberculosis) and leukemia. However, there is a
similar, if smaller, discrepancy in the rates for
females aged 5-9. For Hiroshima females aged
70-79, the difference is significant at the 0.05
level (X* =5.12). For survivors 0-1399m 70
deaths were observed while 56 would be expected
located 2500-9999m.
Again, the excess of 14 deaths appears to be
distributed over a wide variety of causes: 3.8

at the rate for females

attributed to vascular lesions of the central nervous
system, 4.2 to neoplasms, including 1 leukemia;
2.4 to nephritis and nephrosis; and 1.4 to respira-
tory disease.

Thus, in some age and sex groups higher mor-
tality is found among survivors nearest the hypo-
center but the only consistent finding is the higher
rate for those aged 5-9 at observation.
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TABLE 4 DEATH RATE ALL CAUSES BY AGE, SEX, AND DISTANCE FROM HYPOCENTER
HIROSHIMA + NAGASAKI

4 RFEEECE- T8, 5L UCROHDS S O, KD+ EH

Ak Male % Female %
Ohbservation Distance % m Distance HRE m
B ER 0-1399 2500+ 01399 2500+

5.9 9.01 1.59 3.59 -

10-19 2.26 1.73 1.54 1.41
2029 3.63 4.69 1.95 2.63
30-39 7.32 5.25 4.72 3.14
1049 10.4 7.8 5.6 4.8
50-59 15.0 15.9 9.1 a3
60-69 37.4 36.6 24.3 20.2
7079 87.8 85.6 71.8 54.2
80+ 172.00  138.00 163.00 132.00
Total 3 1 14.2 12.6 9.8 7.9

+ Age standardized to the total observation base
FRETEZSIATHRIDVTTL. 4

FIGURE 5 MORTALITY FROM ALL CAUSES, DEATH RATES/1000 BY AGE, SEX, AND
DISTANCE FROM HYPOCENTER HIROSHIMA + NAGASAKI
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Leukemia

As in the previous report,' interest in leukemia
is more methodologic than substantive in view of
the extensive investigations of others®'® using
much more precise observations than death notice
diagnoses. The death rates for the two cities
combined are shown in Figure 6. For survivors
0-1399m rates for males are about twice those for
females. The various rates are based on only 64
deaths in total, of which all but 18 were among
survivors 0-1999m; hence the rates are not very
stable for those 2500-9999m and nonexposed
persons.

The remarkable features of the data are, not only
the enormously increased leukemia rates among
survivors 0-1399m, but also the absence of any
noticeable increase in risk for those in the 1400-
1999m zone, where the radiation dose ranged up
to 100 rad, although the average dose for all
persons in this zone is probably about 30 rad.
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FIGURE 6 MORTALITY FROM LEUKEMIA, DEATH RATES/100,000 BY SEX, AND
DISTANCE FROM HYPOCENTER, HIROSHIMA + NAGASAKI
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The leukemia death rate in Japan in 1956 was
about 25/million for both sexes combined." In
the zone 1400-1999m, 159,000 person-years of
observation are presently available so that about
4 leukemia deaths would be expected at population
rates. If the leukemogenic effect of radiation is
assumed to be 1 case per million per annum per
rad,'® there would be expected about 4.8 radiation
induced leukemias in this zone. Thus a total of
8.8 cases, both naturally occurring and radiation
induced, would be expected on these assumptions.
Actually, 7 leukemia deaths were observed. This
observed number is, in a probability sense, con-
sistent with an expectation of either 4.0 or 8.8
cases. The paucity of numbers forbids drawing
any conclusion, positive or negative, from these
data, regarding a leukemogenic effect in the zone

1400-1999m.

The leukemia rates in the present study for all
survivors in the 0-1999m zone were 20 and 18

per 100,000 for Hiroshima and Nagasaki, re-_

spectively. These may be compared with the rates
of 19 for Hiroshima and 30 for Nagasaki which
can be calculated from the report of Brill et al'’
for 1947-58. The agreement between the 2
studies for Hiroshima is very close - but the
mortality study rate for Nagasaki is little more
than 60% of that reported by Brill, et al. Apparent-
ly in Nagasaki many deaths due to leukemia were
reported under other causes on the death notices.
Despite deficiencies in the Nagasaki data re-
garding leukemia, the present mortality study
nevertheless, decisively confirms the leukemogenic
effect of radiation in the survivors.

Malignant Neoplasms Excluding Leukemia

Much interest centers on the question of the
possible carcinogenicity of ionizing radiation.
Figure 7 shows the mortality rates for malignant
neoplasms, excluding leukemia, in relation to
distance. Differences between the rates for
survivors located 0-1999m and those at greater
distances from the hypocenter are not impressive,
although there is a definite indication of lower
rates among the nonexposed. In Hiroshima, of
16 sex-and-age specific comparisons between the
0-1999m group and the other 2 distance classes
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FIGURE 7 MORTALITY FROM MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA ANNUAL DEATH
RATES/1000 BY AGE, SEX, AND DISTANCE FROM HYPOCENTER
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of survivors, 2 were significant at the 10% level:
among females aged 50-59 the rate for those 0-
1999m exceeded the rate in those 2500-9999m;
for males aged 60-69, the rate for those 0-1999m
was significantly less than the rate for those in the
zone 2000-2499m.

In Nagasaki, too, of the 16 comparisons 2 were
statistically significant: among females aged 40-49,
where the rate is lower in the group 0-1999m than
in those located 2000-2499m (P<.02); and, in the
opposite direction among females aged 60-69 in
relation to those 2500-9999m (P <.10).

The number of significant comparisons (4) does
not seem large, in view of the fact that 32 tests
were performed and, moreover, 2 are in the
direction suggesting a lower malignancy rate in
the group nearest the hypocenter.
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Table 5 and Figure 8 sharpen the view by exami-
nation of those located 0-1399m. Among males,
differences are small in both cities. Among females,
however, certain statistically significant differ-
ences appear: at every age the rates for Hiroshima
females 0-1399m are higher than in any of the
other 4 distance groups. The probability that this
would happen by chance is less than .01; it can

be concluded, therefore, that the Hiroshima

0 —1399m o #HRE CHE L AE RO KRE % R
CmTe&5, M8l Ths. BizbF5E1EMA
ML bTHrTHIH, KTHHEINEROEIBE
TEE. T4bb, WTFhoERBEBIZEVTE0 -
1399m $ROEBEFOFRCE IO 4B ORCED
ENENLEHTHS. rHEIEN D EIEER .0

TABLE 5 DEATH RATE MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA BY AGE, SEX, CITY,
AND DISTANCE FROM HYPOCENTER

5 EBEWEPDRCE(ARKREER]) - £, & CRBESE L CRONED 50 HEER

i Apge at Distance FEl m
o ol Observation Not in eity
" i HEniEe 0-1399  1400-1999 20002499 2500+ oy
40-49 1.56 .98 1.05 .54 .99
Hiroshima 50-59 3.51 3.74 3.76 3.16 2.50
o 60-69 6.79 5.80 9.11 8.10 6.20
Nagasaki -
EE + B 70-79 12.97 14.40 13.86 10.88 7.91
Total it 4.42 4.21 4.95 4.09 3.31
40-49 1.83 .95 1.10 .61 1.13
Male  Hiroshima 50-59 4.07 4.20 4.04 3.70 2.15
" L 60-69 5.97 5.89 9.36 8.08 6.88
70-79 13.37 15.23 15.19 11.09 9.09
Total 7t 4.56 4.46 5.24 4.32 3.48
40-49 .82 1.09 .84 .31 .63
Nagasaki 50-59 1.63 2.11 2.92 1.34 3.3
1 wif 60-69 10.70 5.45 B.32 8.17 4.36
70-79 9.80 9.69 9.07 9.58 3.88
Total #t 4.12 3.18 4.00 3.26 2.74
Hiroshima 40-49 1.72 1.03 1.66 1.29 1.49
Nextaiht 5059 4.01 2.29 2.96 2.01 179
B+ N 60-69 6.54 3.72 4,83 4,25 4.38
70-79 9.19 6.05 5.88 5.82 471
Total #f 4.05 2.40 2,97 2.50 2.43
40-49 2.05 1.25 1.46 1.40 1.15
Female Hiroshima 50-59 4.08 2.73 3.05 1.89 1.73
® LN £0-69 6.60 2.98 3.56 4.55 4.75
70-79 9.73 5.75 4.54 6.03 6.17
Total 4.27 2.46 2.65 2.58 2.48
40-49 2.22 .78 2.25
Nagasaki 50-59 3.59 - 2.75 2.61 1.92
e 60-69 6.17 8.26 6.10 2.47 3.50
70-79 5.92 7.91 9.72 4.48 <
Total & 2.87 2.29 3.81 2.03 2.18

All totals age standardized to the total ohservation base at ages 40-79
ERMITEGO-NERMEEFORERHRIO>VTTL A
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FIGURE 8 MORTALITY FROM MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA DEATH RATE /1000
BY AGE, SEX, AND DISTANCE FROM HYPOCENTER
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The underlying data are presented in Table 6,
where the number of expected deaths was computed
by applying the death rate for all survivors in
each age, sex and city group to the number of
observed years at risk for each distance class
within it. For males in both cities the numbers of
deaths observed in each cell and the totals for
different distance classes are reasonably close to
expected values. There is no evidence of increased

BEFED OV TERNOMFETRTLECD
MWD THa RZOMBFECHIZEBREORCELZE
B %, ERESENNo S -y AvY-BERIBHT
HELE-ZEtnTH5. BrlETEs LARF08
HRCH, : - ZEEHMN AN L-BRERCRR
MFEH L E—HBLTw3, T 2bLERHEEFEERS
CEEFEDREORRAAMNLALVIREEZED

TABLE 6 OBSERVED AND EXPECTED DEATHS MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA
BY AGE, SEX, CITY, AND DISTANCE FROM HYPOCENTER

#6 EMEFEWIECH(AMA SR )L MFELE 0w - ERp, %, RREWS X O OHA S 0 FERER

Distance (B m
i al A% —_ 0-1399 1400-1999 2000-2499 2500 +
b No. of Deaths No. of Deaths No. of Deaths No. of Deaths
i & . a % WL 2% 7 - 8 E - #
0 E 0 E 0 E 0 E
<40 6 L 0 1.61 4 1.20 1 2.44
40-49 23 6 3.14 6 6.06 5 4.36 6 9.45
Male 50-50 124 17 16.51 35  32.87 25  24.41 47 50.21
= 60-69 162 16 20.12 34  43.37 44 3532 68  63.20
70-79 112 11 11.08 36  31.83 30 2659 35 4250
80 + 6 1 53 0 1.76 0 1.35 5 2.36
Hiroshima Total 433 52 5213 111 117.50 108  93.23 162 170.16
(i
Y <40 25 4 3.09 6 6.71 5 5.16 10 10.03
40-49 68 11 7.74 16  18.55 15 14.85 26  26.86
Female 50-59 107 20 12.86 30  28.85 26 22.36 31 42,93
% 60-69 101 18 11.27 20  27.70 19 22.04 44 39.99
70-79 66 10 6.10 18 18.59 12 15.69 26 25.61
80 + 16 2 1.08 3 4.40 3 4.56 8 5.96
Total 383 65%* 42.14 93 104.80 80  84.66 145 151,38
<40 3 0 .49 1 67 2 .66 0 1.18
40-49 5 1 .82 2 1.24 1 .80 1 2.14
Male 50-50 18 2 2.35 5 4.54 6 3.95 5 7.16
# 60.69 43 & 0 485 8  11.36 12 1118 i7 1611
70-79 15 1 .96 4 3.90 5 5.20 5 4.93
80 + 0 0 : 0 3 0 . 0
Nagasaki Total 84 10 8.97 20 2L.71 26 21.79 28 31.52
g <40 9 3 1.23 1 2.02 2.33 2 3.41
40-49 1 0 1.00 0 2.68 8 3.54 3 3.78
Female 50-59 21 3 1.81 0 4.67 10 7.89 8 6.64
& 60-69 30 3 2.66 g 5.95 14 1254 4 8.85
70-79 17 1 1.26 4 3.76 9 6.89 3 5.09
80+ 6 22 2 1.69 2 1.97 2 2.12
Total 94 10 8.18 16 20.77 46*  35.16 22 29.89

Differs sigmficantly from the expected value at the (*10%, **2%) levels
FFHE LD (210%. «22%) OARTHELZNFNES
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risk for closely exposed survivors. However, for
females, the situation is quite different: in Hiroshima,
in every age class observed deaths exceed those
expected in persons exposed at 0-1399m, and for
all ages combined the observed number(65)exceeds
expectation (42.1) by more than 50%. The ratio
of squared deviation to expectation is 12.5; this
expression is not precisely a X* value, but may
conservatively be so interpreted, giving a proba-
bility well below 1 in 1000, Thus there is little
doubt that the discrepancy represents more than
mere chance variation.

The only other significant difference in the table
is for Nagasaki females in the distance zone 2000-
2499m. Here, too, in every age class the number
of deaths observed exceeds expectation. The
pseudo X? value is, however, only 3.34, corre-
sponding to a probability of about .07.

In Table 7 neoplasms in females are shown
individually for certain sites, and the observed
and expected numbers are compared. The expected
numbers were calculated without regard to age
distributions, but these do not vary enough to
invalidate the comparisons. The largest contri-
bution to the excess of neoplasms in Hiroshima
women who were 0-1399m comes from a very
high frequency of stomach cancer. The next most
important contribution comes from cancer of the
uterus, and respiratory cancer makes a small
contribution to complete the accounting; other sites
do not materially contribute to the excess and, in
fact, for cancer of the digestive organs excluding
the stomach there is a slight deficiency in the
group nearest the hypocenter.

The groups located 0-1399m and in the zone
1400-1999m were divided according to positive
or negative histories of symptoms of acute radiation
injury (epilation, purpura or oropharyngeal lesions)
in Table 7, which shows history of acute symptoms,
for fixed distance, seems unrelated to the presence
of malignancy.

For Nagasaki females, Table 7 shows that the
excess of observed cancer deaths in the zone
2000-2499m is not confined to particular neoplasms
but is distributed more or less proportionately
over all of the sites considered,
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TABLE 7 OBSERVED AND EXPECTED DEATHS SPECIFIED MALIGNANT NEOPLASMS, FEMALE,
BY CITY, DISTANCE FROM HYPOCENTER, AND SYMPTOMS GROUP

k7 BEERFEPRCBLNFHEORS - LF - KREY, BLEB>r»o0BEs L CARERD BN

Distance R m

City IsC ) Type of 0-1399 1400-1999
i s PR Total 01399 1999 sy 2500+ Symptoms i 45
BENEHOMS &t With  W/jout With W/out
11 i # =
Person year at risk
IS=t Y AN =B i 268969 315563 72730 58208 106478  B6HZ 22891 7038 65692
B18-204)  All malignant neoplasms
excluding leukemia 0 383 G5 93 80 145 20 45 1) 84
i TRTOME. .
B [lfll A E 383.0 44.9  103.6 82.9 151.6 12.3 32.6 10.0 93.5
o e e e e
151 Stomach 0 134 26 37 19 52 8 18 3 34
H E 1339 157 362 29.0 53.0 43 114 35 327
150-159 Other digestive organs (4] 74 7 18 19 30 1 6 1 17
Hiroshima (—151) {1 3214 B { A - Rpmm———— E 74.0 8.7 20.0 16.0 29.3 2.4 6.3 1.9 18.1
e g
A 160-165 Respiratory system [¢] 17~ 4 4 3 6 2 2 - 4
FERE R s E 17.0 2.0 4.6 3.7 6.7 85 1.4 4 4.1
170 Breast (4] 20 2 4 8 6 - 2 - 4
im E 19.9 23 5.4 43 7.9 6 1.7 5 4.9
171-174 Uterus (4] 89 18 19 20 32 5 13 3 16
+E E 850 104 241 103 32 29 76 28 217
190-199 Residual class including thyroid
and other endocrine o 26 4 7 4 11 2 2 2 5
FRELIUVRBOATERE E 261 3.1 7.1 56 103 .8 2.2 q 6.4

stRYOEE ...

Person years at risk
LA - € i - A ———" 87726 10611 19601 26519 30995 4729 5882 2706 16895
B18-204)  All malignant neoplasms

excluding leukemia (0] 94 10 16 46 22 3 7 2 14
] i # TRTOBE..
b PEE. E a0 14 200 284 382 51 63 29 181
P it
151 Stomach (0] 29 3 6 14 6 2 1 - (]
", E 29.0 3.5 6.5 8.8 10.2 1.6 1.9 9 5.6
150-159 Other digestive organs (6] 20 1 4 10 5 . 1 ” 4
(—151) fBEDTHIERE i iiinimmian E 20.0 2.4 4.5 6.0 7.1 1.1 1.3 6 3.9
Nagasaki  160-165 Respiratory system 0 4 1 . 3 = 1 .
B o L 203 € S . 4.0 5 -8 1.2 1.4 2 3 X .8
170 Breast (0] 5 1 1 2 1 1 1
iim E 5.0 6 1.3 1.5 1.8 3 3 2 9
171-174 Uterus (1] 22 2 2 12 6 1 1 1 1
¥ E 220 2.7 4.9 6.6 7.8 1.2 1.5 7 4.2
190-199 Residual class including thyroid
and other endocrine 0o 6 1 2 2 1 - 1 1 1
FERSIUCEONTERE.
SEM)OBH o E 6.0 T 1.4 1.8 21 .3 4 -2 1.2

O-observed BWEL E-expected JHi¥ 3t
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Since radiation-induced neoplasms may be marked

by a long period of incubation, it is useful to
examine the data in relation to time. Figure 10
shows mortality rates for neoplasms excluding
leukemia, age-standardized to the entire obser-
vation base, for each of the 3 equal subintervals
into which the whole experience was divided. The
rates for females, which are dominated by the
Hiroshima experience, show that an excess in the
most closely exposed group characterized every
interval. For the more distally located and non-
exposed females, rates were, however, rising
during the 9 year period while for the closest
group there was little change. Thus, the excess,
while still present in 1957-59, is smaller than in
1951-53. For males, the rates are rather erratic
and no consistent picture emerges.

The discrepancies between the present data and
those published by Harada and Ishida'’ from the
Hiroshima Tumor Registry remain unresolved.~
The present data do not deny the possibility that
the proportion of cancer deaths reported among
closely exposed survivors may exceed the pro-
portion in more distally located survivers, but
they do make clear that if such an effect is, indeed,
present it is found almost exclusively in females;
is largely confined to survivors located 0-1399m;
is in this group unrelated to the presence of acute
radiation symptoms; and is at most an increase of
about 50% of the baseline cancer rate. Harada
and Ishida, however, found a rather strong relation-
ship between distance from the hypocenter and
the number of malignancies reported, of approxi-
mately equal magnitude in both sexes, with the
‘doubling dose’ received at about 1300m. Why
the present data should show a marked sex differ-
ence is not at all clear. Although part of the
excess in closely exposed females is attributable to
a rise in cancer of the uterus, a larger fraction of
the difference comes from stomach cancer and no
reason is apparent why stomach cancer should be
increased by radiation in females but not in males.
One curious point is that there were no differences
between the distance groups in mortality from
breast cancer.
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FIGURE 10 MORTALITY FROM MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA AGE STANDARDIZED DEATH RATES/ 1000
BY TIME, SEX, AND DISTANCE FROM HYPOCENTER HIROSHIMA + NAGASAKI
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There are many differences between the two
studies: time period covered, sources of diagnoses,
and the like. Both studies are dependent on
clinical diagnoses which are subject to error, the
present study entirely so, the Tumor Registries in
large measure. It is possible that physicians’ diag-
nostic opinions are sometimes influenced by a
history of exposure to the atomic bombs. Although
no satisfactory explanation of the discrepancy has
vet been found, inquiries are in progress.

Natural Causes Excluding Malignant Neoplasms

The mortality rates for all natural causes
excluding malignant neoplasms are shown in
Figure 11. The general picture is rather similar
to that already seen with respect to mortality from
all causes. The significantly lower mortality rates,
among the nonexposed, particularly at ages 30-59,
were more conspicuous among males than females.

Rates in survivors 0-1999m were tested against

the rates in the other 2 groups of survivors —

2000-2499m and 2500-9999m, for a total of 64
tests: 8 age groups, 2 comparison groups, 2 sexes
and 2 cities. Of the 64, only 3 were significant
at the 10% level, and none was as low as 5%.
The 3 groups were all from Hiroshima: males
aged 60-69 (vs 2500-9999m); females aged 20-29
(18 2500-9999m); and females aged 50-59 (vs 2000-
2499m). Since the number of significant results
is fewer than would be normally expected by
chance alone in homogeneous data, the data are
not considered indicative of any association between
mortality from natural causes other than ma-
lignancies and distance from hypocenter.

Figure 12 exhibits the contrasts between survivors
0-1399m (the most heavily irradiated group) and
the most distally located survivors. Statistical
tests were performed separately by city, sex, and
age, for a total of 32; ages 5-19 were combined.
Only 2 tests were significant for Hiroshima:
females aged 50-59, where the mortality rate in
the group nearest the hypocenter was significantly
smaller, (P<.02) than in the distal group, and for
Hiroshima females aged 70-79, where the rate for
survivors 0-1399m significantly exceeded that in
the distal, but at only the 10% significance level.
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FIGURE 11 MORTALITY FROM NATURAL CAUSES EXCLUDING MALIGNANT NEOPLASMS DEATH RATES/1000
BY AGE, SEX, CITY, AND DISTANCE FROM HYPOCENTER
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FIGURE 12 MORTALITY FROM NATURAL CAUSES EXCLUDING MALIGNANT NEOPLASMS DEATH RATES/1000
BY AGE, SEX, AND DISTANCE FROM HYPOCENTER, HIROSHIMA + NAGASAKI

[12  HREOSECH (BRI A 2 B <) - Rk, MR L O LA S o RN, EREE

Male H Female &

Rll_tc 200.0 T T T T T T T T T T T T T T T T
100.0 ]
10.0 F 4

0.1 39%9m
™ 2500+m

L0 |

0.1 I 1 1 L 1 1 J 1 i i 1 1 L 1 L L

519 2020 30-39 4049 5058 G059 7079 A0+ 5-19  20-29 30.39 40-49 50-59 G0-69 T0-79 B0+
Age
Other Specific Causes % DO ER

Crude death rates by city, sex, and distance
from the hypocenter are shown in Table 8 for
groups of causes. For each sex and city the age
distributions are not very different by distance
class, so the crude rates may be used as indicators
of possible radiation effects on mortality.

The rates for all natural causes are somewhat
variable, but within a range attributable to chance.
For Hiroshima males the most closely exposed
have the highest rate, but in Nagasaki this group
has the lowest rate for both males and females.
In Hiroshima, the most closely exposed females
occupy a middle position.

Among males, the most closely exposed survivors
appear to have high death rates attributed to
tuberculosis, leukemia, aplastic anemia (Nagasaki
only), and other anemia. For females, high rates
are found for leukemia, malignant neoplasms
excluding leukemia (Hiroshima only), and aplastic
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anemia. Most of these merely duplicate previous

observations. The new conditions that are
noteworthy are tuberculosis, aplastic anemia and
other anemia. With regard to the last 2 conditions
no study based on death-notice diagnoses, can
hope to contribute usefully to elucidating the
degree to which apparent excesses of anemias
have resulted from diagnostic confusion with
leukemia.

NHA2zLIZABELV

L&D 2B PITT A LRITETHS.

TABLE &8 DEATH RATE BY CAUSE OF DEATH, SEX, CITY, AND DISTANCE FROM HYPOCENTER

#8  FEHBIFELCE -

1%, EEEES & OO A 5 0B

FLomRAL LTHEFRIZHEELT
~EAZIEELBEFRERAMS S 2 0o Rl
TH3. BEO2ERIIDVWTIRECRHESE» 5 &5
TELHVWILIINRTHS. RERBHSLCEOREL %
MELTRLOBEZoHMNAAMKERZ LD

i m
IsC Cause of Death Digtance Kl
% Hiroshima 75 g Nagasaki  J&ag
viow WS R8S wmoe oum W 20 wr
Male ®
Total Number of deaths FEC#EH ..o 331 663 567 1053 89 165 210 274
Person years at risk M=y Ax—H ... 21586 51045 40556 73455 8794 15639 17319 25004
All causes SFM.... ... 1533 1209 139.8 1434 10L2 1055 1213 109.6
BE 47-50 Trauma :
bz ] 10.7 10.4 10.8 16.6 8.0 4.5 9.8 10.4
B 146 All natural causes
£NEE 142.2 118.7 129.0 1263 93.2 101.0 109.7 95.6
B 12 All tuberculosis
TER 18.5 13.1 10.1 9.8 21.6 17.9 18.5 16.8
B 317 Other infectious & parasitic diseases
InoERELLUOTERS L 1.9 2.0 2.2 23 j 55 | 1.7 28
204 Leukemia
H@s 6.9 1.0 0.2 0.8 8.0 0.6 0.6 0.4
B 18-204) Malignant neoplasms, e:cludmg leukemia
EfEtm, AmM ek 241 21.7 26.6 221 11.4 12.8 15.0 11.2
B 19 Benign neoplasms
HiE#F S 0.9 1.0 0.2 0.5 - 1.9 1.7 1.2
202.4 Aplastic anemia
FEDRIER L ..o i 0.2 0.5 0.4 1.1
B 21(-292.4) Anemia, except aplastic
Wi, TSR AR L 0.5 0.4 0.1 1.1 0.6 -
B 22 Vascular lesions of central nervous system
sp R W o0 I AR LA 26,9 243 259 27.2 15.9 16,0 231 19.2
B 25-27 Diseases of heart
LR 10.7 11.4 12.6 11.7 5.7 10.2 4.0 B.0
B 28-29 Hypertensive disease
HmEEKES 23 1.6 1.2 2.6 1.1 1.9 23 1.2
B 30-32 Infl p ia, bronchitis
fx7nxy¥, BR, AF¥ER 7.4 5.5 5.4 4.6 3.4 5.8 5.2 3.2
B 33.36 Uleer of ch & duod ppendicitis
intestinal obstruction
Hgu5iv1- ~ R, !iﬁ EmEx, o 0.7 7.1 8.6 8.6 3.4 8.3 9.2 84
580-583 Diseases of liver
FRES 28 2.2 4.4 2.6 5.7 26 a5 28
B 38 Nephritis & nephrosis
ERkbsittdi70-4¥ 3.2 2.7 2.7 4.1 1.1 1.9 23 2.4
Other natural causes
+ohosEER 26.4 24.7 28.1 289 12.5 21.1 21.9 18.0
Continued 5 ¢
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TABLE 8 CONTINUED #* 8 it %

ISC Cause of Death Hietarioe; ERRE 10
s Hiroshima £ & Nagasaki %

01399 1300 2000 2500+ 01300 1400~ 2000- 2500+
Female +

Total number of deaths FECFEE ..oveeevvenenee. 277 606 533 875 T4 155 247 237

Person years at risk = A X =B, 31563 72730 58208 106478 10611 19601 26519 30995

All causes IO o rememipirissie 87.8  83.3 916  82.2 69.7 79.1  93.1 765
BE47-50 Trauma

P e T T e R s e e 4.8 4.1 3.4 3.3 4.7 2.0 4.9 5.2
B 146 All natural causes

T T S S S sS sEs vts 83.0 T8.8 87.8 78.5 64.1 76.0 87.5 T1.0
B 12 All tuberculosis

o2 O 6.0 7.0 8.6 6.8 7.5 10.2  10.9 9.0
B 317 Other infectious & parasitic diseases

FnnERRSLUFERR % 2.2 1.2 1.0 1.7 1.9 0.5 1.1 1.9

204 l..eukn‘e_mia

i, 4.8 0.1 0.3 0.5 1.9 - - 0.3
B 18-204) Malignant neoplasms, excluding leukemia

MR, BB ERC 20.6 12.8 13.7 13.6 9.4 g.2 17.3 Tl
B 19 Benign neoplasms

BRI s e S 0.6 1.2 1.4 0.8 0.9 .5 0.4 1.0

292.4 Aplastic anemia

BT REER M e .3 0.1 - - 1.9
B 21(-292.4) Anemia, except aplastic

Wi, HEEFRBESEC 0.3 0.3 0.3 0.2
B 22 Vascular lesions of central nervous system

il B8R E o M ARE 15.8 17.7 19.6 16.2 8.5 11.2 16.6 12.3
B 2527 Diseases of heart

LSS L R 5.1 6.3 5.8 7.0 3.8 10.2 6.4 4.8
B 28-29 Hypertensive disease ;

I T 4 1 R T 1.3 1.5 1.9 1.7 - 2.6 3.0 3.2
B 30-32 Influenza, pneumonia, bronchitis

A7z, Wi, REER e 2.5 241 4.0 2.3 1.9 2.6 3.0 5.2
B 33-36 Ulcer of stomach & duodenum, appendicitis,

intestinal obstruction, ete.

LU |-k, hEE, BME, Foft 3.5 3.8 5.2 B.1 2.8 3.6 3.8 2.6
580-583 Diseases of liver

BFBREARE B, e 1.0 1.9 1.7 1.4 3.8 2.6 3.0 2.6
B 38 MNephritis & nephrosis

HhELUFFTO—F 3.5 3.3 2.6 3.0 1.9 2.6 2.3 3.2

Other natural causes
FOLoHEA. ..o

15.5 19.2 216 18.3 17.9 214 19.6 17.7
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Tuberculosis mortality rates have been changing
rapidly in Japan in recent years. Figure 13, in
which standardized mortality rates for all survivors
are compared with the nonexposed, makes it plain
that the subjects of the present study have par-
ticipated in the improvement. For males, the non-
exposed had markedly lower rates than survivors
throughout, although rates in both groups declined
sharply during the interval. Tuberculosis mortality
rates are so strongly affected by extraneous
variables that the prospect of relating them to
previous radiation exposure, even if such relation-
ship exists, does not appear to be bright. In any
case, the data for females fail to confirm an
increased tuberculosis death rate among survivors
nearest the hypocenter, thus making it seem as
likely that the observation results from a socio-
logical phenomenon as that it represents a radiation
effect.

HAOEBECHOGEELR IS LT, £
HREDITIEFECH £ EHME LB L TR+ £ HI13
DN ThHB. SOMENREBEHIECEOLES
AoNTVS. BRIEKBELHERFT L oFENM
hICHEOBETFAE LY, FEBELICoMEzEL
TERBENLR3HPELTHS. EBECERE
CHEZEEEA 30 TEFBEORMBRERCHEE
DHIARBFD L LTEZORAEELZRBHT 52
tiddh v, LFEEFERBEOEEECES
NAEHTELZVLS, SHNOBEOERIRHARD
EE-HESIHL2MRARLALTRETHS.

FIGURE 13 MORTALITY FROM TUBERCULOSIS, AGE STANDARDIZED DEATH RATES/ 1000
BY TIME, AND SEX, HIROSHIMA + NAGASAKI
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SUMMARY

The present JNIH-ABCC Life Span Study is
based on a sample of about 100,000 persons
consisting of survivors 0-2499m of the hypocenter
together with persons more distally located and
persons not present in either city ATB. This
report is based on observation from October 1950
to September 1959 for the first 2 groups selected
for the study, numbering more than 90,000 persons.
Each person included in the study has been the
subject of field interview to obtain required
background information and to determine eligibility.

Followup is maintained by consulting official
family registers kept by local authorities in Japan.
Tests of the family register system have shown it
to be remarkably complete. When death is ascer-
tained from the family register, cause of death is
obtained from a transcript of the Vital Statistics
Death Schedule.

An ambitious dosimetry program, in cooperai:i-On
with Oak Ridge National Laboratory, will ulti-
mately make possible analysis of dose for most
survivors who were in the open or in houses of
light wood construction 0-1999m of the hypocenter.
However, this program is not yet complete and,
for the moment, tentative approximations of dose
are employed.

Mortality rates calculated from the present data
agree fairly well with Japanese national rates
for 1955.

Total mortality rates are not grossly different
between survivors who were located at various
distances, but nonexposed persons, especially
males, have much lower mortality rates than do
survivors. In large measure this difference is
attributable to much lower mortality from tubercu-
losis. It appears that, for the time-period studied,
selective mechanisms make the nonexposed an
unsuitable comparison group.

Leukemia mortality rates calculated from the
present data confirm the well known facts as to
the leukemogenic effects of radiation from the
atomic bombs on survivors. The results, on the
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whole, are not dissimilar to data previously
published by ABCC investigators but do differ in
some details, presumably as a result of diagnostic
inaccuracies on the death notices.

Mortality from malignant neoplasms other than
leukemia found by the present study differs in
major ways from what would be expected from
data of the Hiroshima Tumor Registry previously
published by Harada and Ishida. Instead of a
general increase of rather large magnitude in
tumors of all sites among heavily irradiated sur-
vivors, an effect of moderate magnitude (though
quite definite) is found among Hiroshima females.
This effect is attributable almost entirely to an
increased frequency of firstly, stomach cancer
and secondly, cancer of the uterus. No effect is
seen in Hiroshima males or in either sex in
Nagasaki. The effect seems not to be related to
the history of symptoms of acute radiation injury.
No interpretation of the finding is offered at
this time.

Among survivors nearest the hypocenter no
convincing evidence was found of elevation in
mortality rates for natural causes exclusive of
neoplasms.

Definitely increased death rates for aplastic
anemia were found, especially in Nagasaki. This,
it is thought, probably results from diagnostic
difficulties in distinguishing between this disease
and leukemia.

Mortality from tuberculosis was elevated among
male survivors 0-1399m in both cities, but es-
pecially in Hiroshima. No explanation of this
finding is presently available. There is a sug-
gestion that both males and females aged 5-9
at observation may have suffered some excess
mortality in the 1950-59 period.
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APPENDIX |
1831

Regression Analyses of Mortality Rates on Dose
RLEEBRELOMOORAH

The survivors 0-1999m of the hypocenter in
each city were divided into 14 distance classes,
to each of which the average T57Dose was
assigned. The number of person-years at risk
available for each dose class is shown in Table 9
and Figure 14.

It is assumed that the number of deaths observed
in a dose-class for all causes or for any particular

cause is distributed as a Poisson variable.

Let X, be the number of deaths in a class, while
M, is the expectation of X : Let, for the i* class

¢ = Number of person-years at risk, and
d = Average T57Dose estimate.

Then it is assumed (linear hypothesis) that:

M

Il

The statistical test is of the null hypothesis B=0,
that is, that the expected number of deaths is
independent of dose against a linear alternative.

EFRLOHALS0—199m OHBEFUOEERX
Ficbit, EEMEXF5OFHBELFFELL. ZE8E
KFor—vy 4 x—%ERDT LRI LHADEY
Tha.

FRRXT7BOLECE, FERBHICLIECEH
BE7TY5H A ERET S.

=
-

X, 2iXOCHBBELAFECH, M, 2X, 0858+
5. 5iXaT
ci="—v iy Ax—-¥

d; =T T578 it

wh

e

KOKXHN LN -2 (BIRIRE)

¢ (A+B d)

HERtA B ZBRE B=0 122w TiT4 3. ¥4b
b, WP ECB MR CEMETH S L+ 5. L
BECITMA L WFRECH L OB YEHR THS LT 5.

Let N=XX; M=Xm; C=2ZXc and Cd=Zcd

so that C is the total years-at-risk and d is the
average dose, weighted by exposure. The maximum
likelihood equations for estimating A and B are:

(1) z

Clien—vy v —#, ditFHERsELT. A,
BEHHEAT AL 00REAFRREROE) THS.

X

—-C=0

N
C

(2)

A==.B

d

Ql=

where A, B denote the maximum likelihood
estimates of A and B.

+ B

(d —d)

XnA, BitA, Bo BRMETS 3.
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Person years 79—t

TABLE 9 PERSON YEARS OF OBSERVATION 1950-59 BY T57DOSE, AND CITY, 0-1999m
F9 A=y AX—%,190-39F - T/RBREFEIVLEBERET, 0 -19%m

: Hiroshima ©E& Nagasaki E&
Distance m
e Average T57D Person years of Average T57D  Person years of
estimate (rad) Observation estimate (rad) Observation
FHTSTRRE -V {v—% FHTRES =y Ax—-N
0-699 3284 1035 2160 1092
T00-799 1486 1637 1626 TES
800-899 1079 1651 1218 290
900-999 761.5 3065 T67.7 969
1000-1099 508.4 HE6T 495.3 1825
1100-1199 312.4 9513 344.3 2856
1200-1299 210.8 13284 220.8 4603
1300-1399 137.7 17087 154.3 6985
1400-1499 91.32 18010 95.82 6607
1500-1599 64.96 19564 65.02 5603
1600-1699 48.34 25690 46.47 5626
1700-1799 29.35 18434 32.24 5255
1800-1899 20.11 22602~ 21.26 5373
1900-1999 13.79 19475 14.30 6776

FIGURE 14 PERSON YEARS OF OBSERVATION 1950-59 BY T57DOSE, AND CITY, 0-1999m

Hi14 A—vr {4—%, 195059 - TT@RB I VIEEE®R], 0 -—19%n

Hiroshima 15 3 Nagasaki £ 8
30,000 T T

¥ T

20,000 ¢
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The equation (1) was solved iteratively. If B, is
a first guess at B, and if e, is the right side of
equation (1) when B is replaced by B, then the
next approximation is B, =B, +3 B, , where

FERDERzEERELEEHS. B, #BO

FLIRIEER, HELBIZB, 2 RALL L EHERN)Y

e, TH3% b, Koikftliz B =B, +9B,, =EL

X, (d—d

N
g

This routine is continued until equation (1) is
satisfied. If a reasonably good first guess(derived
from a graph) is used, the process usually termi-
nates after not more than 2 or 3 cycles.

One point to be noted is that under the model,
the possible range of B is restricted to:

The reason for this is, of course, that a negative
value of B would lead, for sufficiently large dose,
to a negative expectation for the number of deaths;
similarly the upper bound follows from the fact
that the expected number of deaths at zero dose
cannot be negative. The upper bound is actually
the ratio of deaths to person-year-rads at risk, and
when B attains this value, as it very nearly does
for leukemia, the implication is that almost all
cases observed are attributable to radiation.

The test used for the hypothesis B=0 was the
likelihood ratio test, using the well-known result
on the asymptotic distribution of the likelihood
ratio statistic. In the present instance, calculation
shows that

+ B,

(d,—d)J?

ZOEPEBRELHFERNFBETIETL D 2T,
LLE L RBERI ELTHE46 (F7726KD
3) co®fEIR2—30BTITL

ZZT—BHUmMzTcEL L, BOoERIEIKD
BNLA3ZETHS.
N
cd

Bl ko@DTths. BHFANIZL S L KDL
ErXTnIAROFCHAFANEEAS - & 12 £ 4.
TLEEEFO L TERCHSi AR L3S
VWASLSBD LR 2BHEZEHNTEERIBECHE
N—ur 4x—-EBolk*EFRETS. 2-BLLTH
mBEoLHGoOHEE EHT 5. . LG A
BB EDILEsTHEs ERETA.

sl )}

A
[=)

B=0oR#ttEsE + 22012, BELEHRESR

EFERHLE. T 2bsREHREOIESFHIETA 2 FH
T Ll RBRETKOUFEZTL- L.

(3) X* =2 [ZX, log(A+Bd)— N !og(%]

is the appropriate statistic to be referred to the
X? distribution with a single degree of freedom.
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Mortality from All Causes

Results of significance tests appear in Table 10.
Rates predicted by the regression line are compared
with observed rates in Table 11.

For Hiroshima males, aged 5-19, the significant
results merely confirm findings mentioned in the
main text. For Nagasaki males, aged 40-49, as
can be seen below, the significant result derives
from variation in the mortality rate for natural
causes excluding malignant neoplasms. For the
age group 60-69, in 2 instances (Hiroshima females
and Nagasaki males) the discrepancy results from
cancer mortality; while for Hiroshima males the
discrepancy is in mortality from all causes except
neoplasms.

2%RA

GHBREOSRITEICFETEY TH 5. OIRE
BroHELAECREERFICBRE LLFECHEE g
LTRTEENOMY THS.

FHERYFS - 190EBBFIc2VTIEEIZE
BLEZEEMBLALCTEL ., FHESO- 90
ESBFIzovwTlTHRom EEFEmLBVLR
RORCEIFFAETH - 2. EBLKT, EERTO60 -
ODEMBEBRTHIERACESFIAEL L L. FLES
HFOERFEMEBR{RVOLEBLEZNBRET
XJE,

TABLE 10 DEATH RATE ALL CAUSES, SUMMARY TESTS OF SIGNIFICANCE, LINEAR
REGRESSIONS ON T57DOSE 0-1999M BY AGE, SEX, AND CITY

£10 £FERRCHF-HIIZ0OREOEEE - TTER & o 2K E A 51,

0 -1999m ,

8, 5L CLBEMH

Age at Hiroshima &5 Nagasaki I #§
(:’::;;:::; Male m Female # Male m Female
5-19 e NS - -
20-29 NS NS NS NS
30-39 NS NS NS NS
40-49 NS NS i NS
50-59 NS NS NS NS
60-69 o » * NS
70-79 NS NS NS NS
80+ NS NS NS NS

All tests are performed on a one-tailed basis < T K HIEE - L 4

Py 02 *: 02 <P < .10

NS: P » .10

< Test not done
BEk Lo bbd

TABLE 11 DEATH RATE ALL CAUSES OBSERVED AND PREDICTED BY REGRESSION EQUATIONS
BY TS57DOSE, AGE, SEX, AND DISTANCE FROM HYPOCDNTER

#1l 2AFCELMBHRE[A>SHE L WHFEM@ 0L - TE7THE, S,
s E UL H A S o fEMEN
Rates Predicted by Regression Observed Rates W% &
City Sex m’;:ge at Bl s S H L LHEE Distance FElf m
i * TVation 1000 rad 100rad 0 rad 2000
BUSEES i b 01999 5499 2500+
Hiroshima M % 519 8.57 1.24 0.43 1.35 0.98 1.51
i) M5B 60-69 436 206~  28.1 30.3 36.6 37.2
F & 60-69 343 20.3 18.7 20.5 18.6 18.6
Nagasaki M % 40-49 24.16 6.81 4.88 8.83 8.45 6.28
s M % 60-69 66.3 32.4 29.7 34.0 45.0 34.1
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Leukemia

The results appear in Table 12. Each of the
4 regressions is statistically significa t. For
Hiroshima, the regressions are similar in the
different age groups, and correspond to a risk of
about 1.4 cases per million per annum per rad.
The Nagasaki figure is, however, much lower,
being only about 0,8. The Nagasaki figure is
lowered by a relatively large number of cases
reported at lower doses, thus raising the line at
the low dose end and lowering it at the high
dose end.

B M

RLZCERETF LA, 40ROV TRY
ARETHL. RETIEB SN O RE & THERE
MUTHETHEY, AMEOREET 5 ERIZFERL rad
HENI00HIZ2ELATH S, BRFTIEZOEFEITD
X081z 4. ZHIXEEOLAVHTOANL
FmALRBRNEERLEIATwWIoT, RBEOEREE
BEOFRTEL, BAREBOHTELS T30 EEZS.

TABLE 12 LEUKEMIA DEATH RATE OBSERVED AND PREDICTED BY REGRESSION EQUATIONS
BY T57DOSE, AGE, SEX, CITY, AND DISTANCE FROM HYPOCENTER

#I12 FMAHIECH & MBS SRR L - MTFE & oo - TS57THE & & OB Lott A 5 o) SRR

Rates predicted by regression Observed Rates [k
City Age [ e B A 5 B L SO R Distance Hilf m o
i e Not in city
Gf T i 2000-
1000 rad 100 rad 0 rad 01999  Syoc 2500+  JEERE
Hiroshima 0-19 144 14.4 0 17.0 ] 5.6 ]
[ 20-39 130 13.0 22.1 3.3 2.8
40+ 152 15.3 0.1 20.5 6.6 8.3 0
Nagasaki All ages
T iy 2 RS 79.1 11.6 4.1 18.3 2.3 3.6 0

38



Malignant Neoplasms Excluding Leukemia BmEERCESETED

The results appear in Tables 13 and 14. For HULBIEREZRLE. AXCERLTH 2
Hiroshima females they are consistent with the

e . . . i EBAXFOR0EEXEZRITI S LWR L. RES
elavation in neoplasia rates discussed in the main C .
text. For Nagasaki males, the significant result FRABLZEREBELLY, EBTR»»3&R1
is aberrant, with no confirmation in Hiroshima. HETs4d 7. FtToMl 0 ESREEOBRES

As noted above, the inference is, however, strong
enough to affect the test in this age group of
Nagasaki males even for all causes of mortality.

FRIERICBZ-20LTEN, RLI2TERAYELE
TLHBOERLBI3LTH 5.

TABLE 13 DEATH RATE MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA, SUMMARY
TESTS OF SIGNIFICANCE, LINEAR REGRESSIONS ON T57DOSE 0-1999M
BY AGE, SEX, AND CITY

#13 BHEHEDHCHE(OMMBER)IHTS2Z0BENRIELR - TSTHRES BV 2 BURENR 5,
0 -199m , &6, %& & CILBEER

Age at Hiroshima L5 Nagasaki =3 3
‘é";’;:;‘: M Fewale . * Mals Female Male + Female
" ks ” t ™«
£0-49 NS .
50.59 NS . ; . L
50-60 NS - . NS
7079 NS NS NS NS
“-Pc .02 :02c¢P¢ .00 NS:P> .10 - Testpotdone WEE LZZ 2460 ,

TABLE 14 DEATH RATE MALIGNANT NEOPLASMS EXCLUDING LEUKEMIA OBSERVED AND
PREDICTED, STATISTICALLY SIGNIFICANT REGRESSION EQUATIONS
BY ThTDOSE, AGE, SEX, AND DISTANCE FROM HYPOCENTER
Fld BEEFEWHECH(AMMEEZIE <) - B RN 6 1L 72 1iFE & o i, TH7H,
o, EE & UL A S o R

Rates Predicted by Regression Observed Rates %

City Sex Age at B G A SHELLIHEY Distance M m
™ Observation 2000-
i WeEpsE@e 1000 rad 100 rad 0 rad 0-1999 5,99 2500+
Hiroshima F % 40-49 3.92 1.42 1.14 1.48 1.46 1.40
i =3 F % 50-59 6.68 3.02 2.61 3.14 3.05 1.89
F % 60-69 14.43 3.88 2.71 4.03 3.56 4.55
Nagasaki
EE M3 60-69 19.31 6.29 4.85 6.90 8.32 8.17

39



Natural Causes Excluding Neoplasms

Tables 15 and 16 show the results. Only 2 of
the regressions were statistically significant:
Nagasaki males aged 40-49 and Hiroshima males
aged 60-69. In both of these groups, significant
regressions wese found for mortality from all
causes, presumably reflecting the relationships
seen here. No further explanation of these results
can be offered at this time, although it should be
pointed out again that when a large number of
significance tests are performed even on homo-
geneous data, a certain fraction will return sig-
nificant results. This is particularly true where,
as at present, the significance levels employed
are not small (.10 and .02).

MEMERCRE

ZIBLI6ZMRGHFOBEREE R L. o2
OERFHOERFEETH- . BIFH T040—49F
LIERBTFO0—69F ThH A, WiFH L b LFECTE M
B OREPERE LS. 252 ZICBA2EEN
BRLTWALE). HHEDLZABHOBRIZES
ICHRLVWEHBR2 T2 2L TELZVY, FEREOER
Bk T28oREsTL) cE 2P 3ARIZLES
ZEEREWLTEL. SO FEHLLEFENRESN
EBLZVHE (2108 .02) HizEELEZThELS
T,

TABLE 15 DEATH RATE NATURAL CAUSES EXCLUDING MALIGNANT NEOPLASMS,
SUMMARY TESTS OF SIGNIFICANCE, LINEAR REGRESSIONS ON T57DOSE
0-1999M BY AGE, SEX, AND CITY
#15 FILOIECHE(EMEHENE R OB EE2OREOBIT & - TOTEEEZ F W 2 BUREE 5 7,

0 —1999m « 71, ¥ & OIR B E

Age at Hiroshima  [58 Nagasaki B i
Observation Male Female Male Female Male + Female
BRI 4 iy ks B E's 8 %

5-19 NS NS NS

20-29 NS NS NS NS

30-39 NS NS NS NS

40-49 NS N3 d NS

50-59 NS NS NS NS

60-69 . NS NS NS

70-79 NS NS NS NS

B0+ NS NS NS
P02 wi 0P R 10 NS: P> .10 : Test not done

BEsdLAdTED

TABLE 16 DEATH RATE NATURAL CAUSES EXCLUDING MALIGNANT NEOPLASMS OBSERVED AND

PREDICTED, STATISTICALLY SIGNIFICANT REGRESSION EQUATIONS
BY AGE, SEX, T57 DOSE, AND DISTANCE FROM HYPOCENTER

£16 FIEQFECE(EEHMEY e B B HER» SHE LA MFE L ok - TSTHE, £,

T & UHRL A 5 o BB

Rates Predicted by Regression  Observed Rates i #
City Sex Age at Bl R de A SR L 2 Distance §i@f m
' Observation S0
i B mespga 1000rad 100rad 0 rad 01999, y0g 2500+
Hiroshima
78 M3 60-69 33.3 22.1 20.8 22.6 25,1 26.9
Nagasaki
B M3 40-49 20.26 4.73 3.00 6.54 5.91 5.34
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