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PREFACE

This report is intended to provide the
basic data pertinent to the leukemia ex-
perience observed in the survivors of the
Hiroshima atomic explosion. The manner of
presentation is as simple as is possible,
An attempt is made to fractionate the
analyses into small parts so that problems
of interpretation associated with some of
the more obvious analyses may be consider-
ed. The population figures are presented
in reasonable detail. It is earnestly
hoped that interested scientists will find
the basic materials, which are herein pre-
sented, useful in successfully formulating
their independent conclusions.

A rapid historical review may help to
visualize the background of these studies.
Following the bomb, numerous teams from
the universities of Japan, America, and
Great Britain entered the area and col-
lected data on survivors. The initial
scientific teams remained in the city for
approximately two months collecting ob-
servations, and rendering assistance. In
1947, an American groyp composed of Drs.
Brues, Henshaw, and Neel came to Japan to
restudy some of the patients who had been
seen earlier, as well as to formulate a
long range plan for a genetic study.
During the stage of planning for this
project, Drs. Snell and Neel made hema-
tologic observations on survivors in
Hiroshima and attempted to compare them to
control populations. By 1949, the staff
of what in 1948 had become ABCC was in-
creased. A well-trained medical staff,
with supporting personnel has been main-
tained since that tvime. The hematologic
findings in exposed and non-exposed people
have been studied carefully and contin-
uously by Japanese scientists and ABCC
staff working together since that time.
It is not possible to list the names of
the numerous scientists who have parti-
cipated in planning, and carrying out
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these investigations. However, we grate-
fully acknowledge their significant con-
tributions which are here summarized in
English and Japanese. It is intended that
our colleagues, co-workers, and friends
with varying language backgrounds shall
have equal access to this report, the
formulation of which they have made possi-
ble. This will not have been a definitive
review. It is hoped that the material
here presented will provide a large group
of scientists with the opportunity to
select a profitable path for the next
exploration.
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INTRODUCTION

A large number of reports have appeared
concerning the occurrence of leukemia in
Atom Bomb survivors.l™® The timing of the
present report coincides with, and is
partly in response to, the increased
worldwide interest in radiation and its
relation to leukemia induction. We be-
lieve that the data to be presented are as
complete as possible. This report has an
advantage over earlier ones in that
certain closed samples are now available
for calculation of incidence. It is also
now possible to give preliminary estimates
of dose-response relationships.

The data are unique when compared with
other reports of leukemia following radi-
ation. 19712 A large population of varying
ages and both sexes was exposed simulta-
neously to a single intense dose of ion-
izing radiation. The dose of radiation
varied from "background'" to "supralethal"
according to distance from the bomb and
shielding conditions. The majority of the
radiation dose was delivered by neutrons
and gamma rays. From this study a picture
of dose-response relationships, length of
latency, and possible differences between
"radiation-induced” and "spontaneous'
leukemia, may be deduced.

The data are extremely complex. Because
of the possibility of differences in ap-
proach to analysis and interpretation,
all of the material will be presented
completely. This report includes only
Hiroshima material. The Nagasaki experi-
ence will be presented in a subsequent
publication. °
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DEFINITIONS ©OF ABCC TERMINOLOGY
ABCCTERT >FAEDEE

Exposure and Exposed

The term exposed as used at ABOC means
that the survivor was within ten thousand
meters of the hypocenter (ground zero)
of the atomic bomb at the time of its
explosion. It is a statement of location
only, and does not necessarily imply that

the survivor received detectable radiation.

Distance

Distances are expressed in terms of
horizontal distance of the survivor from
the hypocenter and are given in meters.
The slant range can be calculated by using
the height of the Hiroshima bomb at time
of explosion as 580 meters.

Dosage and Shielding

Recently, air dose-distance curves have
been supplied to ABCC by the 0Oak Ridge
National Laboratories. These estimates
plus knowledge of shielding situations,
for the population under study, make it
possible to estimate the shape of the re-
lation between incidence and dose. The
dosage estimates have wide limits of error
and are not corrected for attenuation and
therefore cannot be used with precision
for per roentgen estimates of incidence.
They offer a more easily visualized re-
lation than when distance alone is used.
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CLASSIFICATION OF LEUKEMIA CASE MATERIAL
WMRWR E LIEHOSH

Case Finding

The ABCC leukemia survey has been in
full scale operation since early 1940.
Cases have come to the attention of ABCC
from several sources. They are: a) Those
detected during the course of routine
medical examinations conducted at APCC on
the exposed survivors, b) cases referred
by local physicians for diagnosis and

EMREA

ABCCOHMBMAEIZ]1 94 9FELMEL H
ks, EFILRIZE~<EHL L HEIZLD
ABCCizEniLi, a) ABCCO#iIRE—
fehEPIBREN 4D, b) —EHMEELY
2lr, GHRERSTABCCIZBAINAL LD,
e ) e AL NVBRS AEEME LT



treatment, c) cases at various local
hospitals called to the attention of ABOC
as a matter of interest, d) through autop-
sy and surgical pathology specimens, and
e) by examination of death certificates
collected on all deaths in Hiroshima City.
We have attempted to confirm all of the
cases. Case finding by the ABOC detection
program is thought to be nearly complete,
A more detailed discussion of completeness
of coverage is given in Appendix I. Cases
have been classified in the following
manner:;

l.Confirmed: Cases in which blood or bone
marrow smears, or pathology specimens
have been examined by ABCC personnel,
and a diagnosis of leukemia confirmed.

2.Probable: Cases reported by a competent
investigator after examination of bhloed,
bone marrow, or pathology specimens.
Specimens were not available for review
by ABCC personnel.

3.Possible:
certificate.
information available to corroborate
the diagnosis.

Cases reported on a death
Insufficient clinical

One possible criticism of such a study
is that leukemia may have occurred in a
special group of people which is not
representative of the entire population of
exposed people. The results of attempts
to evaluate this possibility indicate that
the leukemia group is reasonably repre-
sentative of the general population of
exposed individuals. Some of the
reasons for this conclusion are given in
Appendix T.

Timing of Occurrence of Leukemia
Post A-Bomb

In order to determine the yearly inci-
dence of leukemia, a decision must be made
as to whether year of onset, diagnosis, or
date of death will be used as a temporal
indicator. In this report, the year and
month of onset as determined by the
patient’s symptoms was used. Time of
death 1s complicated by differences
in survival times. Time of diag-
nosis is felt to be a poor indicator
since occasionally the diagnosis may be
delayed until autopsy. With additional
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medical facilities, the diagnosis could
have been made at an earlier date in many
instances. In practically all cases, some
history regarding the time of onset of
symptoms was available, The last, there-
fore, was deemed te be the more desirable
time to use as a temporal indicator.

Type of Leukemia

Only those occurrences of disease which
were felt to be clearly leukemia in its
classical expression are included in the
analysis. The borderlines are indistinct
between leukemia, the lymphomas and the
so-called " Myeloproliferative syndranes.' 13,14
A tabular presentation of all of the
patients with diseases of myeloid tissue
will be shown. The lymphomas will be the
subject of a later report.

We have followed the definitions as
given by Wintrobe for acute and chronic
leukemia.l5 Those considered clinically
subacute have been classified as acute
While some unknown number of
cases may be incorrectly labeled, uniform
criteria regarding survival time and
cellular differentiation have been applied
to all cases. Instances in which survival
in acute leukemia may have been prolonged
beyond the expected survival time, associ-
ated with therapy, have occurred primarily
in the last two to three years.

leukemia.

Cell type in acute leukemia presents
more of a problem in classification than
the previous considerations. A number of
cases had been reclassified several times
in the course of reviews by different in-
vestigators in the past. All cases have
been restudied. The disposition arrived
at represents the majority opinion. If no
agreement as to type could be reached,
then the cases were classified as acute
leukemia, type unspecified. The" Naegeli
or" myelomonocytic" type of leukemia is
included, for purposes of analysis, in the
acute granulocytic group. The original
morphologic classification is retained in
the summary case listing.

Appendix ITA lists all of the cases of

LIE, BT E OERITL D R OREIIZ 4
AR LDEEZ LGNS, EEHEL LB
OFEF T, FERFEB ORI -+ 2 0F 114 5
Y ELAMNBI2L0TH2 2L FERBRORB
DTRRAOIRE L T2 LR BN L L o
LHINT L 72,

¥ 8

}

b

o
o
f
=

LS

£ [ 7 @ f5 A

EMAFES T L P AME TH S EEbNS
RBORBEDH & BTFORER L L, EIRFE.
B % O b et 1 o Mo s
TR CH 3, EHROBES 2oL TO &
HEEARIIBOTZEI2T3, KEEILEB RS
THRBZ LT 5,

AR OMBIEE IR B LTI, Wintrobe
#RDIEok, BRNCEAEEBPNE L0
ILAEEIMRE LTS, M50 I TERE
FHEINTVW240L RN VY, EfF
A, SNASERITRE B —ED KR LT ORI
S L 7o SHERIRITIN B AEFAERIZL D
FAR S N A TERARA S A CHER L MR L L
CRBED 2~ 3EMIZR LA,

A B R R A RE o S I AL RIS
MIRE L 207, ZHOEFRE IR TR
HEIZLZERFOBIHERIGHE L SN,
KRBEIZ LTI, ATOBIEERE s h, &%
iz snzdol, REHOBREREFLT
VWa, HEURBIHLERY—HL 2 LBE
X, BREoSMAMRE L Talisiik, 4A—
A T BD B EEREY S | X AR O B AYO S
[zt HEammE L L, 4 DREFIOFEY
HaBilaE—RBRoBhIZREN TV 5,

Fitgk T A XFAEDOBIBLIEABC C Iz X



leukemia in exposed survivors known to
ABCC since the beginning of the survey.
Appendix IIB is a similar listing of
patients with related disorders of
myeloid tissue.
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RESULTS OF ANALYSES

L

In Exposed Survivors

In order to compute an incidence esti-
mate it is necessary to have a population
sample in which the number of occurrences
of an event is known during a specified
time interval. The population base may be
either an open one, like the population of
a city or a closed one. A closed popu-
lation is one in which the individual
members are specified at a certain time.
These people may be followed thereafter to
determine the occurrence of the event
under study.

The original population of Hiroshima ex-
posed survivors is a closed population.
The time of closure was August 6, 1945,
when the atomic bomb exploded over
Hiroshima. Unfortunately, this original
population is not known nor can it be re-
constructed. Various censuses have taken
place which furnish lists of survivors.
These samples permit the estimation of
incidence rates.

Table 1 is shown for comparison with
previous reports. This tahle shows the
incidence estimate based upon the number
of cases of leukemia in exposed survivors
who were residents of the city at the time
of onset of the disease. Review of the
data, plus additional case finding, ac-
counts for the difference in numbers in
Table T, if compared to previous reports.
The time interval is from January 1, 1950
to January 1, 1958. The population of ex-
posed survivors in the city, as given by
the 1953 Hiroshima Census, is utilized.
Eight person-years at risk are assumed,*
The following points are noted. No cases
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B, REEFE 3—EorHIfEE SN AL
ZE 2 THiR s 24D T, CHLEDALIZDOL
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£ 8H6HTHE, BREESCHOAORTHT
HY, BHEERTAZLOREZY, LA LEAD
HEFPIREFEDY A PEERT 2BIITbN
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Lgio@ERE LB BIZR] 288175, 2
DORIGFRER O T OEBHESE TH O ILHIRE
FEROBIMFEEG CEBEEERL TV 5,
EEDFBRE LHBL T, RIoMFEICHEY
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LT, 1947256194 8821341

*There is no correction for decrease in population due to death or migration.
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are known prior to 1947. Eight cases are
seen in 1947-1948, whereas less than four
would have been expected. The incidence
figures per million per year, at the
bottom of the table, suggest that leukemia
is 50 times more common in the more close-
ly exposed survivors than in the distal
group (1460/29).

LUTHAHfFs 201286, 8HnRELRT
WA, RTFTEOFEMALD 1005 2384 2 8EH 14,
FLAE A% BERE SR B TR PERERE L 0 50f% Y £ ¢

RELTVA2EERL T 5, (1460/29)

# TABLE |

INCIDENCE OF LEUKEMIA, HIROSHIMA CITY - EXPOSED
RESIDENT IN CITY AT ONSET

B H R ECRYZANKORE (BRARTNEERSLT)

DISTANCE FROM HYPOCENTER IN METERS
YEAR OF ONSET WLty G o RiRE (%) TOTAL
BEOE UNDER 1000| 1000- 1499 1500- 1999 | OVER 2000 it
Fil EE
1945
1046 .
1947 & 1 1
1943 2 4 1 7
1949 2 1 2 5
1950 1 5 1 7
1951 4 8 2 : 12
1952 5 5 2 12
1953 2 4 2 3 1
1954 1 4 1 2 8
1955 [ 3 1 1 6
1956 - 1 B 4 7
1957 1 4 1 g
TOTAL i 19 36 9 18 82
ESTIMATED POPULATION (1853 CENSUS)*
®EAD (19 53IFAOME) - 1,282 | 10,557 17.654 | 60,9998 | 90,492
NUMBER OF CASES WITH ONSET IN 1950.195‘} _,:
1950—195 TEMZBHL-EER 15 32 a 14 69
ESTIMATED PERSON - YEARS AT RISK
R B A 10,256 84.456 141,232 | 487.992 |723.936
ANNUAL INCIDENCE OF LEUKEMIA/MILLION 1950- 19857
AC100GYS Do FEMREEE (1950—-1957) 1.450 380 57 29 95

#1053 CENSUS RETABULATED FIGURES, STATUS AS OF JULY 1958.
19 53 EADEEOEE B TREEEFSEIFETI L0000 TREL LM, 1 95 BIF 7 HRE

Table I1 summarizes the incidence rates
observed in several closed samples. These
various groups are not necessarily compa-
rable since follow-up differed, as did
selection factors. Some samples (i.e.
Neel-Snell, or ME-55) were chosen because
of heavier than average radiation ex-
posure. A full discussion of the popu-
lations along with population figures,
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years at risk and sources of bias, is pre-
sented in Appendix III. It should be
pointed out that there is some overlapping
of cases in the various censuses, That
is, certain persons are listed on more
than one census, and hence are included in
more than one estimate,

The strong relation between exposure
distance and incidence of leukemia 1is
clearly shown by Tables T and II. The in-
cidence figures derived from both open and
closed samples are in close agreement.

& 2ok, BEME, 2L ) oERE
(ZB 2 3R 2adaRId gl I RE TV B,
firDPFEEIIES POEFOEEN S22 12
FELEZINUUWE LS L0, BILEE A 41—
oA RSN, Eo2T—2 Lo REEiE
EIZRHOLRTVW3,

ek iEEE L QMPRE L DEELMRIIER]L,

[IIZBARgIZ /RS T 3, FERER UIREREH
PLBONERBEFIIR—BLTV 3,

# TABLE 1]
INCIDENCE ESTIMATES (PER MILLION PER YEAR)
#EREE (FEMADL100FY)

DISTANCE FROM HYPOCENTER IN METERS
SAMPLE Hi BLds GO FERE (F)
0- 999 1000- 1499 1500- 1999 | 2000- 9999
ME-55 (1949-1956) 1,400 410 0
NEEL-SNELL (1948-1957) 2,000 480 220 0
1949 ceENsus 3 (1949-1957) 1,500 3o 21 17
1950 census I PROPER |E (1950-1957) 1.700 330 34 26
RESERVE Jfii  (1950-1857) 740 160 96 45
1953 census MFE {1953-1957) 780 300 88 26
MEAN T 1.420 320 43 24
Leukemia Incidence in Non-Exposed
Japanese JE A EALRS 5 aMSORE

An appreciation of the significance of
these findings is enhanced by a comparison
with the estimate of the leukemia inci-
dence in non-exposed individuals. The
figures reported for all of Japan place
the estimate between 25 and 30/million/
year. The following questions, however,
could be raised. How much of the increase
in case finding, among the exposed survi-
vors, is due to the presence of ABOC? How
much is due to the general heightened in-
terest of the medical community regarding
the exposed survivors, and particularly
those with hematologic disorders? To
assess these factors, incidence estimates
for the survivors who received minimal
radiation are pertinent. For individuals
exposed beyond 2,000 meters, the previous
two tables estimated the rate as 29 and 26
respectively.

bl U 2=l oo B REME I L FR R (2 T 2 Bl
ROHEEREFLLEA A2 L(2ED, L0id-
&0 LFHmAR S, HAEo R iR oHEEREE
FIEMALD 1005124 L25~30TH 2. ALK
DEAFBBMELZNEL 5. WEABCCAHAFET
ABIHBREFEMI AT AERNRRY YO
I+ 24, HRES - MEL R KRS
It A IESEE O MRS E S ARLY ED
BECHELTV2, ZHEORFEIGKRA 55
I gt R L 2 v EGFEIZRIT 28M
WOEERELPAET 2045 TH %, 2000m
VI ETHd LA AnfERESRIE, fic{rt=
2DFITEINUEFKA2, 26, ThHa,



The determination of the size and the
character of the non-exposed populatien of
Hiroshima presents considerable diffi-
culty. Only two small closed samples of
non-exposed individuals are known to ABCLC,
which contain very few cases for esti-
mation of the control rate. Lists of non-
exposed people were compiled by ABCC in
1950 and 1951 in two censuses which sur-
veyed the residents of randomly selected
blocks in the city of Hiroshima. These
are called the first and second control
censuses, the composition of which are
shown in Appendix TIT. Among the indi-
viduals enumerated, we have come to know
of the subsequent development of leukemia
in two people in each group. Table TII
shows the caleulated incidence from these
small samples.

Each of the major populations investi-
gated furnish estimates for the non-
exposed incidence rate which lie in the
range bhetween 20 and 30 cases per million
per year,

#*

EROEERFEAODKE & ROV e+
HHEIES CHELE TS 2, EBRECNT 2
iz o0 s REEFASAABCCIZH LR
TEU‘%ﬂmﬁwﬁﬁﬁ&%ﬁ*%%Cﬁﬁﬁ
CAOROBMFEN: EATES IBE 40,
ABCCnmmﬁ&wmm$af%mmcMEﬁ
(ZHER SN XE BEE 2 #BE LT >0dEs
WEBEEER L 2o ZHIEE 1 R, 82 kg
BRI E LI 2 o PRI R s T 3,
HFEDO N A OF T, A IZEER-E % 2601
MiFEA % DHEBEE L Lol BMILZE
OB CFONARERBLERLTVWS,

A L BN 2 IR E o HeE S M
EEEILFERAL 1005125 525~300Mi2 4 5 .

TABLE (11

CONTROL SAMPLE LEUKEMIA INCIDENCE
MEHICIAITLIALEB O R E

YEARS |MAN YEARS|NUMBER OF
CENSUS POPULATION| AT RISK*| AT RiSK |[LEUKEMIAS|RATE
L ES A * Emcip e |RENHEEA D Amsifrk | %
FIRST CONTROL f—frMuEima 11,260 F 38 82,535 2 24
SECOND CONTROL & Jfcaiapsiss 12,831 6,67 85,583 2 23
ToTAL 168,118 4 24

*FROM DATE OF CENSUS To DECEMBER 31, 1087,

BERFL U1 957HE L 2A3 1 0o MR
Leuvukemia Incidence Related to BmFERELHTRE -0 ME

Dosage Estimates

In the preceding section, no attempt was
made to relate incidence of leukemia to
dosage of radiation. The comparative
incidences were based upon distance from
the hypocenter without consideration of
shielding conditions. Distance alone
gives a good representation of open air
dose, but due to variations in shielding
factors, is inadequate for purposes of
calculating individual dosage received.
Approximately 60% of the closely exposed
people who developed leukemia were located

MTETCH Tk, BESlE & 19 ) 584 & oo %
FOISRIL L S oL 3o ol Lk
MEBETLELC, RO LD AT L
D27, MRt b HEE L (IELESD,
MR A R a2 T3 20, ERADR T
L HET A WL TH L, LA LA

<58 L 72 B AR B O #50% | LS O i H A
ORI H D7, FRATOMME. B,
*wéiié"é‘c’::é EDMREEL, fEAT ST TR
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in Japanese style houses at the time of
exposure. Presumably, they had reasonably
similar shielding, although position in
the house, relationship to surrounding
features of terrain and neighboring
houses, would certainly affect the size of
the dose of ionizing radiation received.

(Appendix TV).

It is quite likely that the various
modifying factors, depending on their
magnitude, could reduce the dose to the
person by 30-70% of the unshielded air
dose.

In the Master Sample population, (see
Appendix TTT) the shielding for the indi-
viduals exposed at less than 2,000 meters
from the hypocenter is known. The largest
single group of survivors were shielded in
houses of Japanese style construction.
Patients who were in other shielding
circumstances are disregarded in the dose-
response analyses. 'This was done in order
to minimize the error introduced by the
inclusion of people, who, due to heavy
shielding, received very little radiation,
though located in distances where con-
siderable radiation was present.

Appendix TV shows the air dose-distance
curves for Hiroshima City, with the 50%
limits surrounding the neutron and gamma
estimates separately. The error associ-
ated with each point is large, since the
data are reconstructed from test situ-
ations which do not exactly duplicate the
original detonation. However, the attenu-
ation of the radiation by air, or the
slope of the dose-distance curve, is like-
ly to be quite accurate. The error is
associated largely with the placement of
the intercept. It is pertinent to note
that it is likely that the actual curve
lies in the lower portion of the range
indicated in the air dose-distance figure

(page 15).

Table TV presents the incidence of leu-
kemia in this group of survivors. The
open air dosage, in RAD of gammas and
neutrons, i1s estimated from the curves 1in
the appendix, for the mid-point of the
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distance intervals, An RBE of 1 is as- LTV B, OB OMERET: £ 2

sumed for neutrons and gammas and the

total dose is approximated. This dose is CRLTRMESN T A0, HAREMIZSS
not corrected for attenuation due to vari- e BEAREA G 0) [F A B T B8 A 0 i E & —iE

ous shielding conditions. The population

figures for the number of survivors, in (= L THBERIO ADASR S00C0 30 BB
both the proper and reserve parts of the BEL L7z. THUSEL, BiEIL 2 ADORED
Master Sample located in Japanese style it : _ ; e

houses, are shown for the individual T AMEE L SOTOR 0 ERSRO T
distance groups. Eight years at risk are XY AMIEILARETIA 0. SO DiRERE

assumed. This is not corrected for de-

crease in the population due to death or LRIET 3% 615 AMERERIE T 5
migration. There is no correction possi- LDOLEEBLLND, RIGCORE /27T
ble for deficiencies in case finding. bLTv3, AMBORKEDEE L FIH L5248

These errors, if corrected for, would tend

to increase estimated incidence figures. RERIBH PV T LS TR BT & EARIOPA B & FE o3

¥ TABLE IV
JAPANESE STYLE HOUSE SHIELDING MASTER SAMPLE LEUKEMIA [NCIDENCE 1950 - 1957

HERBATHSR L - E4BF4A R 2E0K0 %%E (1950-1957)

DISTANCE FROM| ESTIMATED AR DOSE CASES NUMBER OF| INCIDENGE|ESTIMATED
HYPOCENTER (CENTER OF INTERVAL) oF PERSONS PER (0B STANDARD
IN METERS RAD LEUKEMIA| EXPOSED | PER YEAR ERROR®
el I anmen| wean 0000 | g
(Lo d i) RA D ENE <
000- 699 o] 27 0 .
700- Bga 2,620 2 210 1.780 1,020
800- 1089 1,060 £ 789 950 390
1100- 1299 430 L] 2,100 355 145
1300- 1499 177 B 3.274 230 95
1500- 1599 77 2 3,605 69 50
1700-1899 34 o] 3.512 0
1900+ 192089 19 0 1,305 0
BELOW HERE SHIELDING |5 UNRESTRICTED [ITFILERBIKEOEREL T AL
2000- 2489 ]
2500-4999 << 0.1 9} 10 | 342.279 29 9
5000-9999 << 0.0 1

*THE STANDARD ERROR 1S TAKEN AS INCIDENCE XV L/L WHERE L IS THE NUMBER
OF LEUKEMIAS,
Blins, OMERBREL 5, ERX VI/L THEbEhE,

Figure 1 shows the graphic representation iRl 5, BEOECES (< 100RAD)
of these results. Tt is noted that the A e o iR 7

incidence of leukemia is linearly related CIRFA A5ER TH B DT, 2O RHE TOMR
to dosage of ionizing radiation throughout AUNEI A BRI L L 2k RENLSBAZLEV,
the dosage region in which data are avail- " o b T Bl
able. Insufficient data in the lower dose O EFHIREN TV 340 LN, §2&KE

range (<100 RAD) preclude a definite VRO R vy, BESBERADTHD, BEREILEE

statement as to the shape of the curve in .\ TiEsnTs ¥, B GBAHEES
this region. The slope of the curve must . o
be greater than shown. The incidence NTLaneBbid, HIMAE2T BB

14



figures are minimum, and the dosage
figures are uncorrected for attenuation
and probably overestimated. The back-
ground incidence from which the curve
starts is a point with which is associated
great confidence. The more closely ex-
posed survivors have a large variance
associated with both the incidence and
dosage estimates. For this reason the
most closely exposed survivors are not
used in Figure 1, although the estimated
incidence lies very close to the line as
drawn.

RELILMEWMLBIREELLND, & 1iF
BELTHEBLAEGE CREEAMRRER LG
BUIRTAZEAAE DT, #HERER L
T LTV AL THANK 2R L
niol,

FIGURE 1

INCIDENCE OF LEUKEMIA - MASTER SAMPLE - JAPANESE STYLE HOUSE SHIELDING
EFAMECHUI»AAFEERBOADFBRESE
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Previous reviews of the Hiroshima leu-
kemia data have emphasized the increased
incidence ohserved in survivors who had
experienced severe radiation signs and
symptoms in the early weeks following
radiation exposure. Radiation signs were
used as a means of identifying a segment
of the group which had received a signi-
ficant radiation dose, in order that the
leukemia incidence in this heavily irradi-
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ated group could be compared to the esti-
mated incidence in that portion of the
group which had received a smaller dose.
In both symptom groups in the closely ex-
posed survivors an increased incidence of
leukemia was found.® In the Master
Sample there have been 9 cases of leukemia
confirmed which had the date of onset be-
tween 1950 and 1957 in the group of 6,933
survivors who had not.experienced major
radiation signs or symptoms following ex-
posure at distances closer than 1,500
meters. Disregarding the decrease in
population due to death or migration, the
maximum number of leukemia cases expected
in a non-exposed Japanese population of
this size would be 1.66. The difference
between the number of cases ohserved and
the number expected is very highly signi-
ficant statistically,

Leukemia Incidence Related to
Age and Sex

Table V shows the leukemia incidence by
age and sex, for each exposure distance
based on the 1949 census. The 1949 census
is used as a population base because the
extra year of follow-up it affords is of
value when the necessity of distributing
the limited numbers of cases between age
categories is introduced. The results are
"spotty" at best. Inspection of the
results for the most closely exposed group

RELLDIBELATRIZT A0 IZH GG,
ERIZEDTHE s n B s R ) -
T, ABREELOMM RS St 6 K&
AEEARIIRT, 1, 500K P90 B T L -8
CEZORGHEEIERIERE R L2 7 6,9
BOEFEOEF T, YERD B MMBEHFEL S h,
% 53| JIEFI254F & ) BAFI324E 12 £ 2 M T
Hof, FEUHIIBEN- L 2 Ao 4 &
LBE, kokz soBRAEHRBRERA IR
£ %5 AMmmAERO BATFEEIZL.66THE, B
MFIEGIOFERE L THEELE Ofi#iL, #atFa
RS TERTHE LV LB,

ES N AP =Yk 3

RVIIESH, MR L 5 B MPFSEERR &R
L, &4 OFENHEELIMIERE - L2V0TH
%o 19494 JH 1 B 0B IR ERER A0 ok 2 o
TR & N2 BOEH % F 5B -T2 UEH S
WEOEAI 2 &5, ZEREER S L THO 6k, &R
EIATHHE@MA L ) Lo, Ei iR
HTUEFEVRLBEZEFEG LI 2B bR 3,

# TABLE V
LEUKEMIA INCIDENCE - 1949 CENSUS POPULATION* .
1949 F ADEESREH - R T 280 mRBEERR

DISTANCE FROM HYPOCENTER IN METERS
L h L o IERE (K)
site 0- 999 1000- 1999 2000- 10,000
NUMBER OF * *INUMBER OF NUMBER OF
AT TIME OF BOMB LEUKEMIAS INCIDENCE LEUKEMIAS INCIDENCE LEUKEMIAS INCIDENCE

wRNere shasERs | REe  |Aasemg | B |casemn | R
00 - 19 7 2,010 10 110 1 5
20 - 39 5 1.610 1" 170 3 23
40 - over LLE 2 770 8 110 5 35
MALE 3 10 2.600 12 130 3 13
FEMALE 4 4 750 17 130 6 24
ToTAL 3 14 , 1.530 29 130 9 19

*1949-1957 **FER MILLION PER YEAR. — H#MALD 1007%"



reveals that the younger individuals
appear to be most sensitive. The total
figures are shown for males and females
separately. Tt is seen that the males
have a rate approximately three times
higher than do the females exposed under
1,000 meters.

Summary and Conclusions

The results of analyses of incidence
data corroborate previous reports. There
is a striking correlation between distance
and leukemia incidence in all the popu-
lation groups surveyed. While within the
various small, closed sample population
groups there is great variation in actual
incidence, the mean of these estimates
closely approximates the incidence found
by using the population of the city as a
whole and those using only people in a
specified shielding circumstance. When an
unadjusted dose transformation was ap-
plied rather than distance, a linear
relationship was found between dosage and
incidence over the range measured. In-
sufficient data in the lower dose range
preclude a definite statement as to the
shape of the curve in this region.

In general, somewhat greater suscepti-
bility of males and the younger age groups
(both sexes) is suggested. The data do
not justify firm conclusions concerning
the significance of age or sex in deter-
mining susceptibility to radiation
leukemogenesis.
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[EHEZ O,

LEUKEMIA EXPECTATION
BLAERED TR

Tt has been suggested that radiation
causes tumors to appear earlier in the
lifetime of a population without in-
creasing the total number of tumors in the
life span of the group. An analysis of
mean age at onset by exposure distance
reveals a trend toward a younger age at
onset in the more closely exposed indi-
viduals. The proof of the concept re-
quires, however, that no overall increase
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in the number of cases of leukemia will
have been experienced by the exposed
survivors during their life span. Table
VI shows the expected number of cases of
leukemia in each age group of the portion
of the Master Sample exposed under 1,500
meters, based on the expected numbers of
years of survival of the group. Approxi-
mately 10 people would have been expected
to develop leukemia during the life span
of the sample. The observed number to
date, over a seven year period of ob-
servation, is 29 cases. These calcu-
lations are based on an expected incidence
of 30 cases of leukemia per million
people per year.

R OENAZVuWER) ZEFTE AL LR,
RN (X1500m Kl THMR L 2 EAEEA DB FE5R
AT A TR E NS AMEREERE, BROTFH
SNARTEELLTHIFLTIHLALDTH S,
KREWAD 2 OBEROERFERICHIMBEIZZ2 L
DEFRaND, TERMOBEMM R L hH
EZOEHIZ20ANTH S, EOHFHL, £H
100FIZ2&3 0 A0BEMEDFEENFE A
BERITEIZBOTRENELDOTH S,

¥ TABLE V|

LEUKEMIA EXPECTATION IN THE PORTION OF THE MASTER SAMPLE
EXPOSED AT LESS THAN 1500 METERS
A COMPARISON WITH THE LEUKEMIA EXPECTATION IN THE USUAL LIFETIME

1 5 00KkKbBATCHEB?XEFXEFoAmFBHTFMHREE KL
B Ao gado AllimTFHEHEEE L ok
NUMBER OFMLEUKEMIAS
AGE NUMBER OF TOTAL MAN YEARS JAPANESE ** ELL
AT TIME OF BOMB LIFE®* SURVIVORS DF LIFE OBSERVED RATE |[FPREDICTED|OBSERVED
EXPECTATION |O-1409 METERS EXPECTANCY f1954-56) FOR LIFE BETWEEN
RSO i 4 _ _ ) ; i spaN+*+ | 1950.57
AR 45 e 0—149 9% & DBAE _Eus)\amm;eiiﬁ S
DE AR Y (1954-195¢6) RGPOTER[ 403
0- 9 62.23 638 39,703 29.1 1.15 4
10-19 52.73 603 31, 79h 3a=77E £28 i) 3
B 20.230 38.11 751 29,002 19.0 .55 &
“ | 40-59 23.25 1,154 1h 23| 226133 21.9 b9 =57 1
z [ 60-ovenr Lk 11.72 242 2,836 19.0 .05 1
SUB-TOTAL |30, | §R 4F20raE2- 7 0b3=-04= 15
it (3.88)
0- 9 62.64 687 43,034 20.6 .89 3
10-19 56.24 878 49,379 13.2 .65 1
| 20.39 43.46 1.682 73,100 2.2 .89 5
[*1]
2 [ 40-59 T 1.300 35.386 17.7 .63 5
& | 60-0vER Ll 13,40 306 4,100 B.8 .04 0
u' SUB-TOTAL 204,999 3.10 14
P § (6.15)
ol
TOTAL MALE & FEMALE H4if » g:‘—ﬁ‘l— 29
{10.03)

*BASED ON 1956 ABRIDGED LIFE TABLE FOR JAPAN,

FOR THE VARIOUS INTERVALS.
1 956FEMBEMRBIEY R FRnF AN LER L TIEELLLO,
«sF|GURES FOR THE KINKI| REGION OF JAPAN AS REPORTED AT THE ASIAN HEMATOLOGY SOCIETY IN APRIL OF

1958,

195 844 B7 ¥y 7 MMES i THES AT T 28,

*#*THE FIGURES IN PARENTHESES REPRESENT THE ESTIMATED NUMBER OF LEUKEMIAS EXPECTED IN THE POPULA-
TION'S LIFETIME BASED UPON AN [NCIDENCE OF 30/MILLION/YEAR,

JAPAN,

WEIGHTED BY THE COMPOSITION OF THE MASTER SAMPLE

WHICH 1S THE MAXIMUM ESTIMATED FOR

FEURP RGN . HAERA KT ARAEEESETAHAEM L0 0AAL N3 0 Ao SER I & ANBIEG - BT THE A3

HETE LML AT #

ERT.
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Since the number of cases seen to date
is even greater than the expected number
in the sample’'s lifetime, it seems likely
that ionizing radiation causes new occur-
rences of leukemia in human populations
rather than accelerating the appearance of
leukemia in individuals who should have
developed leukemia at a later date. With
the passage of time, changes in the milieu
in which a population resides may alter
the actual, as opposed to the expected,
incidence of a disease. While the numbers
are suggestive, the final answer will
depend on continuing good follow-up of the
population,

SHETIERR LAAMEOREL, 7 ok
NeEFGFPRIIFRINIBEHLE, - 5T
VB G ERERGTEEI AR A TR EA M &
RETE2THAIANDRENE P EL2
SV, LA ZAMKORRLERT 2
NDEBEZLHDOHEED L) 2B b2, BHOIEE
EHIZZnEMMEA T 2BIEOZ(LIZ, T8
CRLTHMWAEOEBRORELZT 2 2 AN
Vo D EZZEUFARFEIET 20k 0Y, &
#EZEIEL, CofEflo@n: B b3
BEBZIZL2RELDTHS I,

CHANGES IN INCIDENCE WITH TIME
FAOBBEHMEE

The interval between exposure to radi-
ation to the appearance of leukemia in
humans, the latent period, is of great
interest. In this discussion it is
necessary to consider separately the
following factors:

1. The time at which the first detect-
able increase in incidence of leu-
kemia occurs following radiation
exposure.

2. The time at which the increase in
incidence is maximal, and

3. The length of time during which
this increase in incidence persists.

With regard to the first question,
limitations are imposed by presumably in-
adequate case finding in the early years
following the war. ABCC has been unable
to reclaim materials prior to 1947 to
enable confirmation of any of the death
certificate diagnoses of leukemia. Prior
to 1949, the case finding was spotty.
Thus, it is impossible at this time to
determine with certainty the minimum time
for the development of radiation-induced
leukemia. There is the strong likelihood
that it is less than three years,

19

AB S THEtRE A= 1 T A L AR R#E 4
AEOME, B HERIBILES Bk S 2HBETH
b0 COMBEGHRT 2 23 KOEHRFEM4 (12
EETHAZLEHUETLA,

1. HSHResRy) o A s o fsR & L
T= HE 0 AY kS 2 HEHH

2. REMMATK\ET HHFH
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FoEBEIZEL T, EFEROBEERIZR
TIERRRIEL S AR &P H N, BRIC
FBEA o/ FEL LGNS, ABC C 13 1MTHELL
BTOFEC 2 B 8- & 2EMIER 2R T 2412 %
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In an attempt to evaluate the remaining D OBET & aHliT 2500, B, S
factors, analyses of the relationship . e ’ e
between dosage, or exposure distance, and W B < SERIBFIA & O BRI BT £ AT T A2,

time of onset have been made. Two possi- ZoDOWIEEEFF OB CE G L AE
ble groups of survivors suggested them- A& B SR 0 BRI L2 HRE G 0 A6 & M

selves for these analyses: The Master

Sample for incidence considerations: and & eI O B S OISR 72
the entire group of exposed leukemias for

study of the relation of distance to

time-of-onset.

I. Master Sample . ¥Fx8®|E
A. Incidence ARE
The Master Sample affords the HEAREAR IR BoBoEMm-#ELL

greatest coverage of the entire

: - H(FHThL, LTI OEFEFRE, FX5
population, and is the best lmown y ) ;
group. This was chosen as a suit- REREAFHES 21— Tl o8 e L3
able base for calculating inci- AP,
dence rates/year.

Table VIT shows a summary of the F W3 19504 & ) 1957FF T R - 3
leukemias which have been confirm- Sk = . 2t F
ed in the Master Sample between BRI CHERR & U AR DRER & 71 L C
the years 1950 and 1957. The W B IERIEUIRBIROFEIZL VXSG s T

figures are shown separately hy

TABLE VI
SUMMARY OF LEUKEMIAS IN MASTER SAMPLE*
HEAEEEG - R A E WA o & IE

DISTANCE FROM HYPDCENTER IN METERS
1L A 6 oo BERE () TOTAL
YEAR OF 0- 989 1000- 1489 1500- 1989 2000-2499]| 2500-4986| 5000-9999 fit
UhaET CASES 'R.ATE CASES|RATE |CASES|RATE |CASES |RATE |CASES |RATE |CASES |RATE|CASES|RATE
RROF | s | | s | seem | movs |sew | ems |stw | mm | e mm | s mmy | ses
1950 0 . 4 540| 0O 0 1 37 0 5 5 76
1951 2 2360 5 410 o] 0 (o] . 4] 5 77
1952 4 4810 3 420 0 (] 2 7 L¢] 9 140
1653 2 2480 1 140 1 ga 0 2 79 0 5 a7
1954 1 1270 2 290 4] - 0 1 40 0 4 66
SUB-TOTAL 9 2170| 13 370 1 18 0 -] 46 0 28 92
1950- 54/t
1955 1 1300 1 150 0 o] 1 41 O 50
1956 0 - 1 150 2 190 4] 1 42 1 150 5 85
1957 1 1370 3 470 0 0] 1 43 0 87
SUB-TOTAL 2 820 L 250 Z 63 (4] 3 42 ! 48 1.3 74
1955 ST R
*“PROQPER PART. JANUARY 1, 1950-DECEMBER 31, 1857. MALE PLUS FEMALE.

FHAE 195011 HB~1957F12H318 . (BRogih
#%LEUKEMIA CASES PER MILLION FPOPULATION PER YEAR.
FEH 10 05 AN Y 3L Bl B



yvear of onset. (Years at risk,
corrected for death and migration,
are shown in the appropriate
entries, in Table XXVII.)

The data suggest that the peak
years for the incidence of leu-
kemia following radiation may have
occurred between 1950 and 1954,
and that since 1954 there has been
a decrease in occurrence of leu-
The rate in the latter
years is still well above the ex-
pected rate in the Japanese.

kemi a.

B. Belation of Distance to Time of
Onset

From Table VII one can calculate
the mean year of onset in the
various distance groups. Among
the leukemia patients exposed
under 1,500 meters, the mean time
of onset was early in 1953. 1In
the group exposed beyond this
distance, the mean time of onset
was 12 months later.

11. All Leukemias

The small number of cases in the pre-
ceding section complicated the analysis of
the relation between mean year of onset
and radiation dose. TIn the present
section we used all of the leukemia
patients with confirmed diagnoses, and
calculate the mean exposure distance for
the portion of the group whose onset was
in each of the years listed. Table VIII
shows the distribution and Figure 2 shows
the graphic representation of the data.
The figure shows the case distribution by
year of onset in the various distance
groups. An error is introduced by vari-
ations in shielding since some of the
closely exposed survivors were heavily
shielded and received little radiation.
Analysis of the relation between exposure
and year of onset shows a highly signi-
ficant curvilinear correlation. The shape
of the graph is suggestive of a parabolic
distribution. lowever, the great dis-

VA (FEEFEIIHIST AEEEALL, JECE
BEn-LA2mMEEX LT EXXVMPizgmd)

ZO7T—4% k3 LR OB MBREE L
7 OTHS #1950 & 1940 12 #55, 1954
FLHEBLERL TR EERELTY
Ao fiF L1904 LI FER L M HAANZTF
Banzfiz£ms LT 5,

BEEREE RBEME 0 BRF

W LD FE e OBIRIERERF 2R A RIR R
TOFHFEHEFHET 52 L VKD, 1500
m Al THER L 2 s R E T, BRoT
YI4EBEIX19534E R 4 ThH B, 1500m LI EDHE
BB CIRSERO PEE LA L V127 B
P Sy

I, 28 Mm%

BTED L2 AT 2 HERIEDETH 5 7o, 86T
R LG - OB ORI ILEMETH D, A
2RI, ZRiOME 2 £ mESG v, &
SEIPIHE JE O E MR ) - Y mk MR BE BIER RT L L 72
ZMzzonfmernl, M2 E0 &2 77 7I15R
L7z & o TR 4 o) B EREERE 2 10 1T 2 SRR L
L AEFROGAEED LT A, e CREEET
WRLLbOORIZIL, @RS T DA
CHETREER R T TV A vHELH 20T, EEORE
Btz L ) —2DREHNBAIN TS, #
YR BHE & SEIEEIE 00 T 1 & B T AR 2 AR AYAH
MAEH LD, 77 708 PR ST & 58
(RELTVE, LA LAOSHAKE (. W18
DEE R TIZBRER L Lo T, HBGDHRID
oy OEHEEILD D O o BER 1319505 0
IR oA,



#F TaBLE VIII
ALL LEUKEMIAS, DIAGNOSES CONFIRMED DISTANCE - ONSET DISTRIBUTION
W EL A Mmoo R R T

DISTANCE FROM HYPOCENTER IN METERS
YEAR OF ONSET LA L0 EE () TOTAL
B8 o 000- 498] 500- 999 | 1000- 1499 | 1500- 1999| 2000- 2999 | 3000- 3999 | 4000- 4999 | 5000 - OV_EI:R it
£l

1948 2 6 1 i 3 ; : 10
1949 3 1 | 1 - - 1 i
1950 5 9 - 1 15
1951 2 (5 7 2 - 17
1852 5 ] | 1 1 - 14
1953 2 7 3 1 1 1 15
1954 1 <] 1 1 = 2 10
1955 1 4 1 - Z 1 9
1955 1 1 3 1 - 1 o 12
ToTaL Bt 2 26 46 13 5 5 2 10 109

persion of the points and the few ob-
servations in the earlier years, makes it
difficult to feel confident of the early
part of the curve. The minimum point on
the curve is found in the early months of

1950.

From the data presented in the preceding
section, the highest incidence of leukemia
was found to be in the years between 1950-
1954. The curve in Figure 2 shows clearly
that the mean distance at exposure was
lowest during those years. As incidence
has tended to decrease, the mean exposure
distance has increased. The mean latent
period for this population is probably
between 4 and § years.

The distance-time of onset relationship
depicted in Figure 2 strongly suggests
that latent period is dependent on dose.
The population with which we are dealing
received a wide range of radiation dose,
The minimum point on the curve shown in
Figure 2 represents the summation of the
effect of varying doses of radiation on
latent period. To illustrate, let us pre-
sume a situation in which various similar
populations of the same age sex compo-
sition are irradiated at one instant in

Fach of the different groups re-
In

time,
ceives a different dose of radiation.

(8]
-2

RIES b~ 7 — #12 & D BMRO B D FEE
I&. 19505 L1954 DIz & 3, X2 OffifiIL
s A SO EE TR EEVHEHY
IR L TV 3, BEIFRDLILLD S EFHHIR
PRMEIIIINL TV B, 2o AT B P8k
HARNL, BLC4~8ETHD I,

[ 2 {277 & 11 % BERE— ST O BT LA RIR A
BMEIZEDEASNAREERMEL T A, ]
% AR T o A RN EEEE - b 7 2 BEtRE
O T03, 2R 2o RESIZR S
R RO BRI RIFTREORERDL L
T b, B AIXEES, LD L2820
BoEH R CKEEEY T L LELY, &F
BligkAROLKRGBREZILLDET %, &
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a situation of this type, the relation
shown in Figure 3 would be expected to
prevail if our hypothesis regarding the
relation between dose of radiation and
latent period is correct. The data re-
garding incidence show a strong relation-
ship between incidence and dose. It is
expected that the incidence would be
highest in the group with the shortest
mean latent period. If the curves shown
in Figure 3 were summated to represent the
situation in a population which has re-
ceived a distribution of doses, the peak
of the curve so created would be moved to
the right by the addition of the lower
dose contributions. The curve so created
tends to assume a distribution similar to
that depicted in Figure 2, which repre-
sents the data presented in this report.

The earlier part of the curve shown in
Figure 2, if extrapolated bhack to 1945,
should lie somewhere beyond 2,000 meters.
A test of the hypothesis that the effect
is waning would be furnished if in the
coming years, the mean distance of ex-
posure of the leukemias that develop in
this population should come to lie closer
to, and finally in, the distance ranges in
which the incidence cannot be shown to be
above the control incidence. A difficulty
in the analyses is the heavy weighting in
the last years by including cases in the
distant exposure groups. The incidence
data presented earlier demonstrate no in-
crease in leukemia incidence beyond 1700-
2000 meters. This 1s not unexpected
in view of dosage estimates at those
distances. It is nevertheless difficult
to know the distance beyond which indi-
viduals received no significant radiation.
The amount of residual radiation which was
present was small. The population distri-
bution of this dose is unknown, which
makes it very difficult to interpret the
significance of the cases appearing in
survivors who were exposed to residual
radiation but whose initial direct radi-
ation dose should have been negligible.
This complexity makes it difficult to
interpret with certainty the significance
of the twelve cases of confirmed leukemia

HEbLNL LD LHFENG, BEH M+ 257
—&d, BREFLBREOB IBEOHMD & 2
BERLTOU20T, BEFIRLE O BEEL
FOBCR{GVEIEFING, M3IZESI
HHERA R4 fe OBEEY 5 (T BENZRT B
ErEbTtohoid, ¢ LTESN-hED
HRRIVECEROLOMEBMENE EEDE
~NECHIZLED S, CofRIZL TS h e
X, AR I REsNALAT—242FHTH2 &[G
O fEmE R Lz,

M2 IR s Ao R ok, Witk
FU T19454 % CHETE T 5 &£ 2000m % 2 /= faf il
MZHBETH B, BEFROPEIRL L2 &
AEEHEEIL, FRCOEFAIZRESZHM
RO PR P RERE S 7 O JEE R A AR ) F
e 2 2 v RO 1 R O SPAtl il MREERE | T KBS
ETE, B IZEENC—FT AL AL 6L,
FELOULDTHDERVIRL o BITOREEM:
HIERER R S AERI R A SR LA LT
LORGEBMLTETV3, BECHESNEE
MAFFEE B 2 & TIiE1700~2000m & BEA 3
LOTIREEEOMMA L, Zhid b2 Rk
TRBROSLI ) TFRENL O ETIR AV, L
Lzl Lo TIIEAIFNET2EHD S
AROMETEERZ T Ao L i85 IhEkE A R
AT LIiHEETH S, BRIFHSHEORIZ S0 4
DTHDl, 3 BHIPEFARTHRZZHEL T
VWAPIABTH D, BERIEEL ) HH, &
2 BRI R (R R 2 iR oG
(ZHET S HIEOKRETEEE OMEE O H B £
AT 2B/IES TRELHBETH 5, ZOHEM
S A BB R RS CASTESN" ol
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which have been found among the early
entrants.* If 30,000 people entered the
city at this time, this number of cases
would approximate what we would expect to
find in a non-exposed sample population.
Future estimates of the actual size of the
"Early Entry" population will be of inter-
est. The possibility that this number
of persons did enter the city is not
unreasonable.

Summary

The inadequacy of coverage in the im-
mediate post-bomb years makes establish-
ment of minimum time for the appearance of
leukemia following radiation exposure
impossible. Certainly the period is no
longer than 3 years and quite probably
less. From the data presented it appears
that 4-8 years following exposure is the
period of maximal increase in incidence.
The curve, arrived at by caleulation of
mean distance for the leukemias occurring
each year, suggests that the latent period
is shortened by each increment of dose re-
ceived. Tt is premature to predict from
the data a time at which the effect will
no longer be operative.

RINrR2floBmsEn EElAEE L GET
PHEEEECL T3, COBIC3 o AHIE
BHZASEETALZLIE, coflEE) #il
FHMBMERHF SN BERARLTHS, 4
HIAME A LG RBERET 2BIIRRL 2 ¢
DEBbNhE, 3HFOAYPATLILEEZLSHE
BRLTABELE DT E L,

#w B

R EEEMOMEL NEL2 4 O HRE0E
MFEFEBEO R OB A RET 2 WITTHETH
A2H, TOMMIZ3EL DB AOBIXESL T,
BLA3ELNVEOLDTHE I, FREDER
noAhDEHBHRL~BENFREEEOR LML
7 EA L b B, FEERI o) BIMFEEE I O T
PREEEEL ) AR S nodhERis, @I R
BAMMY 2L 28BS AHETREL T 3,
WHED T~ i 6 RGFREDHED LIEPHET 5
FRHHE TETA2BWEFLHETHE,

TYPE OF LEUKEMIA
Bm#&s 0K R

The distribution of the various types of
leukemia by exposure distance is shown in
Table IX. There is a disproportionate in-
crease in the frequency with which
chronic granulocytic leukemia was observed
in patients with leukemia who were ex-
posed under 2,000 meters, when compared
with the other exposure categories.

Table X summarizes the results of
analyses of significance for the ohserved
differences in frequency of the various
types of leukemia. The number of patients
with chronic granulocytic leukemia seen in
the closely exposed group is significantly

sEarly entry ts defined as within 30 days following

the Atomic Bomb. See Table XXXVIII.

BB OwIRIERE - L 20 Hm4 £ 1 X (2R
L7cc 2000m i THE L BB EF RN
SIS EBEME D s o BE SO BIRE AL
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greater than would have been expected.

That this difference is not due to the

lack of comparability of the age compo-
sition of the various populations can be

demonstrated by using only cases who were

age 200 or more at the time

of the bomh.

F TABLE IX

2DBEHOFESHEEAREZ2BIIBS-4L0OTE
W EHIRER0F LI EThH SR A E v
T L CA CarE s 7,

DISTRIBUTION OF CONFIRMED LEUKEMIAS BY TYPE AND EXPOSURE DISTANCE
MEUERUHKBRER L 22 WHEL2ANRO S A

DISTANCE FROM HYPOCENTER IN METERS
LA G BERE O
NON- EXPOSED
TYPE OF LEUKEMIA UNDER 2,000 2,000-10,000 El=7:
B o E 2000 #H#H
NO. % NO . % NO . %
GRANULOCYTIC ACUTE i 30 31.3 15 57.8 67 53.2
il CHRONIC 1Bk 44 45.9 4 15,4 24 19.0
LYMPHOCYTIC ACUTE s 12 2.5 1 .8 23 18.3
HREEERYE CHRONIC |if 1 1.0 1 .8 1 0.8
MONGCYTIC HiERE 1 1.0 1 .8 3 2.4
ACUTE LEUKEMIA e a=hit
TYPE UNSPECIFIED A 8 8.3 4 15.4 8 6.3
ToTAL B 96 100.0 26 100.0 126 |100.0
# TABLE X

LEUKEMIA ANALYSIS, TYPE - DISTANCE RELATIONS

RESULTS OF CHI

SQUARE TESTS

= F A P LM MR KB EE - ECODE O R

A ALL ACUTE LEUKEMIAS VS CHRONIC LEUKEM]AS

THEH M & 1 E i o
COMPAR ] SON AGE A.T.B. %2 P
g I

EXPOSED VS CONTROL S & il Z 20 3.065 .10-.05

PROXIMAL EXPOSED VS CONTROL S2ERER fikE - 40 = 20 6.864 01 001
ALL ey - i

PROXIMAL EXPOSED VS DISTAL  JTERRMERHE &S pERERGE S ages 4 7.552 | .01-.001
= 20 8.531 071 .001%*

DISTAL EXPOSED VS CONTROL 35 PERE pEAR A & A = 20 0.897 |[.50-.30

. i M
RADIATION SIGNS-PRESENT VS ABSENT(EXPOSED < 2,000M) :;;séfﬁ‘% e84 |.a6..96

AR A B L AL D ER L oAb (FIREm <2, 00 0%)

B. ACUTE GRANULOCYTIC LEUKEM|A VS CHROMNIC GRANULOCYTI|C LEUKEMIAS

P B 1A & 1 B LS b

EXPOSED VS CONTROL s il =z 20 4.853 .05-.,02*

PROXIMAL EXPOSED VS CONTROL 37 PEAEHREIRE - biBg =z 20 9.468 | .01-.001°*%

PROXIMAL EXPOSED VS DISTAL  EPAMEMME b s polt il is :;:525'51' 8.859 | o1-.001"*
= 20 7.923

DISTAL EXPOSED VS CONTROL THEERRE R L = 20 0.327 . 70- .50

RADIATION SIGNS-PRESENT V5 ABSENT(EXPOSED < 2,000M) ::_S'ES sk 0.163 70~ . 50

Witmpe st R Lt LR LAadolbo (BRENE<2, 0 00X)

+SIGNIFICANT HE

“tH|GHLY SIGNIFICANT M 4E



Incidence rates for each type of
leukemia seen, in patients who were enum-
erated on the 1949 census, are shown in
Table XI. 1t is apparent that the inci-
dence of all types of leukemia is in-
creased in the closely exposed survivors.
This increase is most marked in the
chronic granulocytic leukemias. This is
presented to show that although the type
shift could have been explained by either
an increase in the chronic or a decrease
in the acute variety, there is actually an
increase in the incidence »>f both varie-
ties. However, the increase in incidence
of chroniec granulocytic leukemia is most
marked.

1949FMEIZEZN2FE 01 2 AMKEE R
DEERIERN 1 IZREND, 2 TOROANMK
ASE IR E T RO TEIN L Ty 2B AT
HBo T OIEINISIERBEE D MR - A CEEE
Thd, HEOBEIERO RN 2 L SR
DEPIZL BB B A, EFRICIEMRIEIZ 2
DEEFHML TO2HEHFRHE, ZALied
EHEOnFEOEMA L L LEETH S,

#F TABLE X1

TYPE DISTRIBUTION OF LEUKEMIA,

1949 CENSUS POPULATION

14 F ANHEELB IR 2 ALFEHEYSH

TYPE OF LEUKEWIA (a) (B) RATIO OF INCIDENCES
d PROXIMAL EXPOSED|DISTAL EXPOSED (AzB)
EULAH 5 R RS SEER B REF O
ACUTE NUMBER btk =4 11 [
A = 4
GRANULOCYTIC INCIDENCE® 3543 420 100
CHRON | € NUMBER HEfFI# 22 2
8 1% filid: 24
GRANULOCYTIC INCIDENCE * gits2 840 35
ACUTE JEe— NUMBER HEf & 5 0
LYMPHATIC : INCIDENCE® gas-sz 130 -
ACUTE NUMBER §E L 4 1
be Sedldins s aed 9
TYPE UNSPEC INCIDENCE® gxsa 150 17
POPULATION (1949) Ap 26.236 57.868

*PER MILLION PER 9 YEARS

A comparison of the ratios of chronic to
acute granulocytic leukemia in various
exposure distances, compared to a series
of exposed patients collected by Dr.
Watanabe, 1s shown in Table XII. The dis-
crepancies in the number of granulocytic
1 eukemias between the AB(C series and that
of Dr. Watanabe is largely due to the
classification of almost all cases
of acute leukemia as granulocytic by
Dr. Watanabe.

The peak incidence of leukemia following
radiation in this group probably lies
between the years 1948-1954. Since that
time the incidence has apparently fallen.

IEM:BHAAD 1 00T n3EENR

R FRRE T & 2RI i B & S B
PO % 0 K AL b LTEX T 2
mL7s ABCC &LHLEORHIZN TR
MmBEoEIZHENDSZDIE, FEL T, #EEIZL
D2TRBEBMBORA LETHERME L FHE
TV a8BTH3,

ZOHEFE TR Ao B IEREDOERIL
19484 £ 1954 E Iz H 3 L 5T, FNLIEDS
EIZHHLPIZETLT S, ZEEXMIZ1IM8FE DS



#* TABLE XI11
RATIO - CHRONIC GRANULOCYTIC LEUKEMIA TO ACUTE GRAMULOCYTIC LEUKEMIA
B EHEI LAY EEE LS R ®

CHRONIC
—IEU?E— GRANULOCYTIC LEUKEMIA
i/ ik e
DISTANCE FROM HYPOCENTER IN METERS = HIROSHIMA
LA DERE ()
ABCC DR, WATANABE®* |ALL JAPAN®*
0 2H#
11
0- 999 L o10 ~ N
33
1000- 1999 = 165 - .
44 50 .
0-1999 44 1,47 | B o.86
2000- 10 2 o.77 | =% 0.2¢6 3
00- 10,000 T 9 55 0,
NON-EXPOSED 24 _8 267
i 24 0.36 | 42 o.18 21 o0.70

*AS REPORTED AT THE FIRST CONGRESS, AS|AN HEMATOLOGY SOCIETY, MARCH 1958,
1968 IAB1IET Y 7 MitEEiBRL .

Table XITI shows the ratio of chronic to 19574 % ©o Eo 2% FaEtk B s & 1814 B il

acute granulocytic leukemia for the years - = <
1948-1957. There was an apparent reversal AMBOIE LR CORER, AOFKORE

in ratio during the time when the high HoSVHETIZHMIERL T0 3, IS8

incidence prevailed. This was associated R LR O L I ARG TV B 2 &
with a disproportionate increase in the ) i o )
frequency of chronic granulocytic leu- ZRE L TV 3, ZORFROIEHELR BTN

kemia. The complete significance of these BCh 2. o OHEIIREHHEORE BT 205

findings is not known. They may indicate N s s
a tendency to revert to the type distri- W2 13 B 7850 HLIIAR ) BUO) HESE L 10+ 5 i

bution seen in spontaneously occurring FERLTVADHLAINL L,
leukemia as the peak radiation effect
wanes.

3 TABLE X111

YEARLY TYPE DISTRIBUTION GRANULOCYTIC LEUKEMIAS
B RUVEBMHMAHEO LS O F XA S

GRANULOCYTIC LEUKEMIA
YEAR OF ONSET ﬁ1ﬂ§Eﬂhﬁ
RGO E ACUTE CHRONIC ol
it L3k 1Bt / G
1947- 1948 3 7 2.33
1949- 1950 4 10 2.50
1951-1952 6 14 2,33
1953-1954 12 10 0.83
1955-1956 12 7 0.58
1957* 8 (o] -
TOTAL i 43 48 »

*PATIENTS WITH CHRONIC GRANULOCYTIC LEUKEMIA, WITH ONSET
OF SYMPTOMS IN 1957 MAY APPEAR AT A LATER DATE,
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Chronic lymphatic leukemia is rare in a
Japanese population. The significance of
the few cases whom we have seen is diffi-
cult to evaluate.

TS EMEECMFEE AN R CIMARET
Hh, FeBEL LEGAIIERSTOETH) £
OFEWRI IS TH 5,

OTHER DISEASE OF MYELOID TISSUE IN EXPOSED SURVIVORS
HIBECRS hi-Hotho SiEES

A tabular listing of all confirmed and
unconfirmed cases of leukemia and leukemia
related diseases of the bone marrow is
given in Appendix II. Table XIV shows the
distribution of the latter cases by
distance from the hypocenter. The cate-
gories included are pancytopenias (either
hypoplastic anemia or refractory anemias),
polycythemia vera, and myelofibrosis with
myeloid metaplasia. The number of cases
in each category is small. With the
possible exception of the cases of myelo-
fibrosis, no striking relation to exposure
distance is seen. This last category has
not been included in the analysis of leu-
kemia although the evidence for a more
than casual relationship of this disease
to chronic granulocytic leukemia is good.
The cases of polycythemia vera have like-
wise been excluded from the analysis of
leukemia. At this time none of the cases
of polycythemia vera has terminated in a
frankly leukemic picture.
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# TABLE XV

MYELOPROL | FERAT [ VE DISORDERS SUMMARY TABLE
MR M OME B R

DISTANCE FROM HYPOCENTER IN METERS NON -
DIAGNOSIS ACCEPTABILITY b A &, FERE () ToTaL | EXPOSED
it fERE 0- | 1000-|1500- | 2000- | 2500- [s000. | W |
999 | 1499 | 1999 (1499 |49989 |10.000
CONFIRMED  JfiE 2 1 1 1 5 1
MYELOF I BROSIS 7 ii#5ens =srm B = = 5
LB LOBATHIC WsEfEe M | CONFIRMED BRI 5 1 1 1 1 4 13 ¢
PANCYTOPENIA ‘o [mossiors B l 1 - ‘ = :
cg::c"m EMIA JEFRMER | CONFIRMED e 1 2 P 5 0
k2 POSSIBLE  EE : = 0 0
TOTAL } CONFIRMED  HEWE 2 2 2 2 3 3 14 17
2 s
(0F ABOVE) i (ko o = - : 5 . : - =
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The last group, the pancytopenias, are
included primarily because without
adequate blood and bone marrow study (and
occasionally post.mortem examination) it
is impossible to exclude aleukemic
leukemia. There are only 4 confirmed
cases in this category. The remainder are
death certificate diagnoses of aplastic
anemia. The number of cases does not
permit statistical analysis.

M ERECDAE L, B A R O R A )
(R R) 2 Lok, FamgER
MmEEAT 22 EHPHREVDTEDB LI
L7z ZMEGRDIE LHEEIZBHT LG 018
M4 TH S, B IEBETREERE 55T
CHEOAIZL DD TH L, TE2 TEBIELD
AT AL L AR RETH B,

NATURAL HISTORY OF LEUKEMIA IN EXPOSED SURVIVORS
HAERNFOER

To this point we have restricted the
analyses primarily to the epidemiological
aspects of leukemia among exposed survi-
vors. Necessarily, we have made the
assumption that the disease in the exposed
is the same as that which occurs sponta-
neously.

To date, the general impression of those
who have seen the patients clinically and
pathologically has been that there are no
apparent differences. This is in respect
to mode of onset, clinical signs and
symptoms, response to therapy, mode of
death and laboratory and pathology find-
ings, when comparing exposed and non-
exposed patients with the same disease.
More specialized studies have been done on
occasion (e.g. alkaline phosphatase
studies on white blood cells5 serum
vitamin Bjo studies). These efforts have
not been continuous, and the relatively
small numbers of patients who have had
such studies do not constitute a large
enough group to furnish general con-
clusions. With regard to survival time,
the problems of changing availability and
types of therapy, and the lack of compara-
bility of treatment make analysis of
survival time in this relatively small
group of patients extremely difficult. 1In
addition, inadequate clinical records and
follow-up of many of the patients preclude
a careful study of the clinical course of
the disease. No differences of gross
nature, however, have been noted.
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SUMMARY AND CONCLUSIONS
HMELEUVCHS

Many of the "conclusions" in this report
are tentative. This is in part due to the
nature of the disease in question,
Leukemia is a rare occurrence and a large
group of people must be studied to
minimize sampling errors. The presence or
absence of only a very few cases may
change the significance of a particular
analysis. Another obvious difficulty is
the lack of precise estimates of dose of
radiation received by the individual
survivors. Probably the largest portion
of the uncertainty is due to the nature of
radiation effects, We have under con-
sideration only 13 years of the span of
life of the population. According to
current concepts the late effects of
radiation are distributed throughout life.
A fractional approach such as this, can
only permit us to say with certainty what
has occurred in a particular period.
Trends can be noted, and predictions made
but the final analysis will of necessity
await complete follow-up of the entire
population.

The one clear fact to emerge is that
radiation increases the occurrence rate of
leukemia and that the magnitude of in-
crease is dependent on dose received.
Additional observations can be made,
which, while not definitive in themselves,
seem to complement each other, and are
corrooorated by other experiences in
radiation biology.

From the data a linear relationship
between dose and incidence of leukemia is
found, 'The shape of the relation in the
lower dose range is not known with
certainty. The data presented in the
study by Court-Brown and Doll1l? and the
present report support the concept of
linearity. Reservations concerning the
low dose ranges are present. ‘The males
and younger age groups in general seem
most susceptible to the effects of radi-
ation. The increase in number of cases of
leukemia in the pepulation is probably

31

IHED LD TH B,

'-t-\jéﬁ.nl' ﬂ” Z.JFE ;J;r
TULAERS 28K Z

I35 B FRE (L HE @’
w{,aunvrf’*{_éot ﬂtlﬂfﬂdé"imﬂifaé:fé*
@ﬁ%%&ﬁm-wLm@%tdzAM&
AL 2 UE R o kv, E2EE o R BT
DERBMEXZEMLES, B4 nRED 5 1
LB AR RO FRELETEA R IT TV A 2 & &
EohLodnizlTtvd, PMEEDRADE
IS CBEHEDREOARTIZEL LD TH S,
Hx L EMOBGOROMEHI3FER & 8lg L7
BEL O, BOEOME I LAUI ST 0 R RS
E—FE2BUETHTHTALSNTV 3, ARED
s A 2 XY - T oML, & 2 ¥k fR -
OLIEIAVTEUEA B E 2 v, IR
¢ 2 ek, T KL D BAeny 2 B3
EWHRE O e LEEBIIEA S E TR L
ELRATHEA Y,

FIRH L 720 — o S (L BOTRE 1L B o) 384 =6
RN Lo, #OEIMOfREL S (Rt g
uﬁggu%bvﬁc&?%%o%m@%ﬂﬁw

LCIRREMN L b0 TEhodt, HE .,
Rﬁ%ﬁi%?@ﬁ%?&éﬂ%MQ%ﬁmux
N LN 2EL LBENL LIRS,

RRAEAESC L0, MAHRR L L L oM
VTR A B A R S AL, SO FERIE R 1L AR
OLOARIIATIIRIEELbOLIEALY
LAY, Court-Brown & U Doll 0 DAFZFIZIR S K
MEFEREE CoEFEMEMEOME & 3T 23
DE ALy EHERA L 2 EEIZ oV EE
HOEAERS N T 5, BT RUEFEE LB
R CHREHRIZH LRSS X 128 b3,
HRE T 5 BAEEEO BN EIZHRED



greater than can be explained on the basis
of simply increased rate of aging in the
population (if we assume no rapidly
changing rates of leukemia in Japanese in
the following years).

A minimum time for the appearance of
leukemia following radiation cannot be
arrived at precisely but is certainly 3
years or less, The data suggest that the
time of maximum risk of leukemia may be
dependent on the dose of radiation re-
ceived. In this group the mean latent
period is found to lie in the interval
between 4 and 8 years following exposure,
The length of time during which the in-

creased incidence of leukemia persists is
not known.

The incidence of the acute leukemias and
of chronic granulocytic leukemia 1s
increased in the exposed survivors. The
chronic granulocytic variety is dis-
proportionately increased in Japanese
survivors of the atomic bomb. No effect
of radiation on monocytic or chronic
lymphatic leukemia incidence is noted.

Aplastic anemia, polycythemia vera, and
myelofibrosis have been investigated.
Myelofibrosis is the only one of this
group of diseases in which a suggestive
relation to radiation exposure is ap-
parent.

Finally, while an exhaustive and criti-
cal review has not been possible, the
natural history of leukemiz following
radiation does not seem to differ from
that which is seen in ‘the spontaneously
occurring variety.
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APPENDIX 1|

i #

Sources of Case Material

The Leukemia Detection Program has been
a continuous major effort of ABCC since
1949. Case finding in Hiroshima is felt
to have been maximal over these years for
a number of reasons;

1) The local widespread interest in
leukemia as an "Atomic Bomb Disease"
tends to cause all recognized cases
to be reported,

2) The emphasis given to obtaining

autopsies on exposed survivors.

3) Excellent cooperation between the

major hospitals and most physicians

of Hiroshima with ABCC. This co-
operation has fluctuated, but in
general has been of a high order.

4) Recently free treatment provided for

A-bomb survivors has tended to con-

centrate cases 1n one or two

hospitals.

Prior to 1949 the completeness of cover-
age is questionable, The exact percent-
age of coverage cannot be estimated.
However, it is of interest that a com-
parison of the ABCC series with the
listings (independently compiled) by
Dr. Susumu Watanabe, of Hiroshima Uni-
versity, revealed few confirmed cases
which were not common to both lists.
Review of all death certificates since
1949 also disclosed only one case from
Hiroshima City not previously listed. We
were unable to confirm this case by study
of tissues. Accordingly, we feel that the
reporting of known cases is close to 100%
complete in the city. The number of cases
in which the diagnosis could have been
made, but was not, 1is difficult to
estimate.
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The majority of cases are from Hiroshima
City. Some cases were located in the
suburbs of the city, the surrounding pre-
fecture, and elsewhere in Japan. Table XV
summarizes the cases by locality and year
of onset.

KEFOIEGIIEBT A CHTH ) . EFHH
maREFE, ERERUBEOMMOB EO LD TH B,
B XV R AHD, REFEJ-EEF LT
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# TABLE XV
YEAR OF ONSET OF LEUKEMIA AND LOCALITY OF ORIGIN*
B f 3% o FE L ERBF

LOCALITY it
PREFECTURAL AREAS TRIBUTARY TO ouUT oF
YEAR OF ONSET|HIROSHIMA CITY HIROSHIMA CITY PREFECTURE | TOTAL
FEf OIE 15 Bbiti T E LB I A WP IR B L
1947 1 2 [} 3
1948 7 1 2 10
1949 5 1 1 7
1950 7 8 0 15
1951 12 4 1 17
1952 12 2 0 14
1953 1 2 2 i5
1954 B 2 0 10
1355 6 3 o 9
1956 7 5 0 12
1957+ 6 1 0 7
TOTAL B2 31 6 119

*HIRDSHIMA EXPDSED CASES OF LEUKEMIA WITH ACCEPTABLE DIAGNODSES A5 OF

AUGUST 1, 1958. 1958

**NOT ALL CASES ARE IN FOR THIS YEAR.

An estimate of relative coverage by geo-
graphic areas can be seen in Fig. 4. The
apparent absence of cases in the eastern
area of the prefecture is probably due to
the fact that the exposed resident popu-
lation is small, and also that the major
rail and bus lines in this area drain more
conveniently toward Okayama City. The
presence of Okayama Ilniversity may attract
patients from this area. Table XVI shows
the number of leukemias from the major
geographic areas with reference to the
1950 exposed population. The relative
coverage in Hiroshima City and the areas
tributary to it are approximately the
same. The apparent excess in Kure may be
related to the location of the Hiroshima
Prefectural Medical School and lniversity
Hospital, in Kure, until 1957. Assuming
that the same general distribution of
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GEOGRAPHICAL DISTRIBUTION OF LEUKEMIAS
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HIROSHIMA PREFECTURE
BB R

GEOGRAFHICAL DISTRIBUTION OF EXPOSED LEUKEMIAS* AT ONSET OF DISEASE
EE RO 3 = AU O

EXPOSED |CASES OF
RESIDENCE AT ONSET :gﬁ:iﬁli; FOPULATION | LEUKEMI A
P AS OF 19850| PER 106
FafRF AT
Bl 1195 04mE | ADEHY
il o EAD | 0 OfERE
HIROSHIMA CITY  [LEhTH a8z 98,265 830
AREAS LARGELY TRIBUTARY TO HIROSHIMA CITY
el ES BT S M
NEARBY AREAS jigppthh i
ASA GUN AKI GUN SaEk| Gun ZIEED. L=, IR 20 14,485 1380
KURE CITY & 4 1,507 2650
REMOTE AREAS i%BEREHMIE
FUTAM| GUN HIBA GUN KAMO GUN YAMAGATA GUN TAKATA GUN 7 7.085 990
W=Bb, HAERE, WIEHED, (LR . & EE
AREAS LARGELY TRIBUTARY TO PLACES OTHER THAN HIROSHIMA CITY
b M o7 T 3 B e S 1
MIHARA CITY FUKUYAMA CITY ONOMICHI CITY ASHINA GUN
FUKAYASU GUN KONU GUN JINSEKI GUN MITSUGI GUN NUMA-
KUMA GUN SERA GUN TOYOTA GUN 2 4,180 480
ShE, W, R, AahER. FEECED, Peul. #at, S,
TARRED, HEEEND. R
OUTSIDE OF HIRDSHIMA PREFECTURE I dh L 6 33,430 180
TOTAL &t 121 158,932 760
sALL EXPOSED LEUKEMIAS WITH ACCEPTABLE OR PROBABLE DIAGNOSIS To DECEMBER 31, 1957.

1957, 12, 3U3RAE, FEMTRER A UNE % % TS #EHR MAIER.
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exposed patients in terms of age and
exposure distance is found in these
various geographic areas, coverage seems
reasonably uniform with the possible
exception of the eastern half of the
prefecture.

The migratory habits of the leukemia
patients have been compared with that of
the parent population. Inspection of
Table XVII shows no striking difference
between these patients and their parent
population. The possibility that undue
bias was introduced by this factor seems
small.

EFHEREIRORETEBOTIRAKR —L R
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£ TABLE XVI1
MIGRATION OF LEUKEMIA CASES AND OF OTHER MEMBERS OF A FIXED SAMPLE OF
EXPOSED PEOPLE DURING THE FOUR YEAR PERIOD OCTOBER 1, 1950 TO OCTOBER 1, 1954

1950. 10. 1 £91954. 10. 1 2£% 4 FMo
M5 [ TE AR A T (LT B R OE 1 A B ) BE MR I

POPULATION TOTAL GROUP|MIGRATED|MIGRATION PER 100 PER YEAR
e 85| g B TEMAD 10 0% ) oBE
LEUKEMIA® = i 53 3 1.42
NON-LEUKEMIA  Jff fuf% 81,007 B.113 2.50
TOTAL #t 81,060 8.116 2.50

THE SAMPLE CONSISTS OF THE EXPOSED PEOPLE, WHO MEET CERTAIN BROAD DEF|-
NITIONS, WHO WERE RESIDENT IN HIROSHIMA AS OF OCTOBER 1, 1950. PEOPLE WHO
COULD NOT BE LOCATED IN THE CITY (355 PERSONS) ARE INCLUDED IN WITH THOSE

KNOWN TO HAVE MIGRATED,

ZOFFILEHOBBEOERITFELL 950 . 10 . 1 BRI EE
IS5 ROMERMBOLOELL b OIZ&n s,

*INCLUDES BOTH ACCEPTABLE AND PROBABLE DIAGNOSES,

SWHEFE IS4 R L Lot G,

In summary, case finding and reporting
of leukemia patients seems high. It
appears unlikely that a large number of
leukemia patients have gone unnoticed
since 1949.

The possibility that the people who
developed leukemia are not representative
of the general exposed populatien, 1is
present, Accordingly, this possibility
has been subjected to scrutiny.

The locality of origin (birth), reasons
for being in Hiroshima at time of bomb and
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foreign residence of the leukemia popu-
lations have been examined. Ninety-two
percent of the patients with leukemia were
born in Hiroshima prefecture, 4% outside
the prefecture and only 4% outside Japan.
Table XVIII briefly summarizes the reasons
for being in Hiroshima City at time of
bomb. Most were apparently normal in-
habitants of the area. FEighty-six percent
had no foreign residence. The occupation
of the leukemia patients varies from
laborers to company presidents. An in-
spection of the frequency of leukemia in
various occupational and industrial situ-
ations reveazled no detectable trend that
might correlate with exposure to leukemo-
genic agents.
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# TABLE XVIII
REASON FuR BEING IN HIROSHIMA CITY OR SUBURBS AT TIME OF BOMBING*
ERBLEBE R CEDSIZE-BER"

NUMBER [ #k PERCENT G
ORDINARY RES|DENT OF CITY
it P e 834
PLACE OF EMPLOYMENT, NORMAL RESIDENCE OQUTSIDE OF CITY
B, WSS 6 9
MEMBER OF ARMED FORCES STATIONED IN HIROSHIMA 2 {i
1 B ) B HERD PR 047 4% E
IN LABOR DRAFT OR "PATRIOTIC WORK PARTIES"™ FROM
NEARBY AREAS WORKING AT ASSIGNED LOCATION 4 3.3
WL ) OER R UEN SRR & L CHREMAT T@ T E
ATTENDING SCHOOL, NORMAL RESIDENCE OQUTSIDE OF CITY 1 0.8
i, i REE
ToTaL #t 123 100.0

*BASED UPON 123 CASES OF LEUKEMIA W|TH ACCEPTABLE OR PROBABLF DIAGNOSES
WHOSE REASON FOR BEING IN THE CITY IS KNOWN,

LR EABHAHE T BUTH WK RURS +ME MM 1 2 3 Fiz 3L
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APPENDIX IIA

b &3 1A
Listing of Patients *
DIAGNOSES, CONF|RMED = P g *
B b D HillL#Fm A &E— B =X
MASTER| YEAR YEAR |[SURVIVAL|DISTANCE FROM RADIATION |RESIDENCE
FILE 0F |SExX OF TiME IN| HypocenTer |SHIELDING] . fns UNTIL |DiAGNosIS
MUMBER |BIRTH ONSET MONTHS IN METERS LATERORY SYMPTOMS ONSET
8| SR | 1R (Ml o R Bl osat| BEREOR | B2 To | B
(A) {3) RUELR 0
54 2 730 53 1 1 AvBilos
M 52 13 800 8 A 1 A.G.L.
M 58 UNK . A-BR 800 5 7 1 AL Buls
M 57 3 840 8 7 1 A.Gil,
F 50 4 870 L] 1 2 A.G.L.
M 49 UNK . 5B 880 [ 7 4 A.G.L.
M 48 7 880 3 1 1 ALG.L.
M 56 2 900 0 0 2 A.G.L.
F 52 5 980 3 z 1 A.G.L.
M 51 UNK ., 78R a70 5 7 1 A.G.L.
M 52 3 1000 5 3 3 A.G.L,
F 54 1 1000 6 7 3 A.G.L,
M 53 1R 1000 6 7 4 A.G.L.
M 53 8 1020 6 F 3 A.G.L,
F 57 2 1080 K 1 1 Koty
M 54 11 1050 i 5 1 Ay
F 57 1 1060 3 7 ] AL.G.L.
M 48 | 1100 € 0 | ALG.L.
M 55 3 1110 6 5 3 ko Gk,
F 50 3 1120 3 0 1 R e
M 56 2 1170 6 3 1 A.G.L.
F 49 8 1220 3 4 2 A.G.L,
F 53 1 1280 54 0 1 Rl
M| 47 | 2z | 1430 1 0 z A.G.L.
F 54 UNK . 73R 1450 6 0 1 A.G.L.
[ "_%é UNK, & fééB T 6 8] 4 A.GaL
F B 1 1720 & 0 1 A.G.L.
M 56 6 1780 3 o} 1 A,G.L.
M 52 4 | 1960 8 0 = A G,
F UNK.,{QH_,J;_{:IN_K.,f\'Bﬂ ! 2100 | 4 o] 1 A.G.L.
F 56 7 2200 J o 1 A.G.L.
F 57 1 2510 J 1 3 A.G. L.
F 53 1 2580 4] 0 1 A.G.L.
F 54 1 2590 J 0 1 T
M 55 1 34580 J 0 2 A.G.L.
F 56 7 4150 J 1 1 A.G.L.
F 57 3 4580 J 0 1 A.G.L.
M 52 7 4850 J 0 { A.G.L.,
M 54 3 5130 J 0 i A.G.L.
F 56 1 5550 J 0 1 A G.L.
M 56 7 5570 J 0 1 A.G.L,
M 53 4 6370 d o] 1 ALG.L.
M 56 5 6400 J Q 2 A.G.L.




MASTER| YEAR YEAR |sumrvivaL|DiISTANCE FROM RADIATION|RESIDENCE

FILE OF SEX OF TIME IN HYPOCENTER 5;;:;:(":*6 SIGNS UNTIL DIAGNOS | S

NUMBER |BIRTH ONSET MONTHS IN METERS SYMPTOMS ONSET

AR | B g o | e | misees o | semoss| KRR | 262 To | e

wEE | £5 (B) (%) RUGELR (LT
05 M 56 5 7500 J 0 2 A.G.L.
24 | M 56 5 NON. ExXP 35 i A 1 A.G.L.
47 48 0 NON-EXP, # A 2 O T4
5 | M 56 3 NON-EXP, # A 1 A.G.L.
14 | M 49 10 NON-EXP, & A UNK., 7BB A.G.L.
185 M 51 10 NON-EXP, # A 1 A,G.L,
32 |F 51 1 NON-EXP, * UNK., TEH| a.6.L.
50 | M 53 2 NON-EXP, # A 1 A.G,L,
17 | ™ 57 UNK. T8 | NON-EXP, = A 1 A.G.L.,
32 M 57 UNK. # NON.EXP, # A 2 TV -9 P
o1 M 49 1 NON-EXP, » A 1 A.G.L.
25 M 50 0 NON-EXP, «# A 3 A.G.L.
42 F 50 2 NON-EXP, & A 2 A.G.L.
a5 M 50 3 NON-EXP, * B g -—A 0 1 A.G. L.
48 F 51 | NON+EXP, » A 3 ALy
01 F 51 4 NON-EXP. A UNK. AvBH A.G.L.
26 M 51 3 NON-EXP, » A 0 1 A.G.L.
0 | M 52 3 NON-EXP, & A 0 unk. AP A.G.L.
30 F 52 3 NON-EXP., = A 3 A.G.L.

_'O_B_— M 53 2 NON-EXP, = A 3 A.G.L.
49 M 52 10 NON-EXP, * A 1 A.G.L.
36 | M 53 2 NON-EXP. 7 | A unk. D] a.G.L,
04 F 53 9 NON-EXP. = A 1 A.G.L.
a1 | F 52 NON-EXP. » A unk, THY a.G.L.
15 M 53 _2 NON-EXP, » A | AiGak,
48 M 54 1 NON-EXP, A 3 A.G.L.
20 | m 54 3 MON-EXP. & A UNK, 4B A.G,L.
52 M 54 1 NON-EXP, & ) A 2 A.G,.L.
47 M 54 3 NON-EXP. » A 1 A.G.L.
aE [iE 56 0 NON-EXP, 7 A 1 A.G.L.

02 | M 56 15 NON-EXP, * ) 0 3 A.G.L.
81 ] 57 2 NON-EXP, # A 3 A.G.L.
13 " 57 7 NON-E!P._ » A (4] 2 A.G.L.
as F 56 UNK. 5 Bf| NON-EXP. " A UNK . ALEH A.G.L.
22 M 53 5 NON-EXP. o A 3 A.G.L.
40 54 | UNK. 76| Non-ExP. o A 4 A.G.L.
02 54 5 NON-EXP., " A ___; A.G.L.
32 F 55 6 NON-EXP, =& A B ! A.G.L.
46 M 55 ol T .NUN-EXF‘. 5 A 4 A.G.L.
41 N B 55 1 NON-EXP. & A x 3 A.G, L.
50 | M 55 15 NON-EXP. & A 1 A Ls
34 M 55 9_ NON-EXP. & -:. (2] 1 A.G.L.
25 ] 55 3 NON-EXP. = 5 3 A.G.L.
24 M 55 TO NON-EXP. & A 2 AeBile
47 M 56 21 NON-EXP. » A - 3 A.G.L.
54 | M 55" 5 NON-EXP, » A 1 A.G.L.
" " 58 2 NON-EXP., # A | A.G.L.




MASTER| YEAR YEAR |SURVIVAL [DISTANCE FROM|_ . . . |RADIATION|RESIDENCE

FILE OF |SEX oF TIME IN HYPOCENTER catecory | S!GNS UNTIL D1AGNOS|S

NUMBER |BIRTH MONTHS IN METERS SYMPTOMS ONSET

EEE | E gy EENN | Bl p s o 0 | EEmoam | FAERIE | RE1TO | sk

&y | £5 (B) (%) RUELR (E A
47 M 56 4 NON - Exp . dkgril A 3 A.G.L,
49 | M 56 5 NON-EXP, & A 3 A.G.L.
35 F 56 7 NON-EXP. A | T .
51 M 56 2 NON- EXP . A 3 A.G.L.
34 M |UNK,BH| UNK. A PB| NON-EXP. » A UNK, AR A.G.L,
37 M 57 UNK. NON-EXP. & A 3 A.G.L.
30 F 57 9 NON-EXP. & A 4 A.G.L.
97 F 57 1 NON-EXP. A 3 A.G.L.
49 F 57 =] NON-EXP., & A 2 A.G.L,
52 M 57 2 NON-EXP., » A 2 A.B.L,
09 F 57 7 NON-EXP. & A 1 A.G.L.
51 F 57 i3 NON-EXP. 5 A 4 A.G.L
56 M 58 I_ NOI‘:-EXP. # A — 1 A.G.L.
44 F 57 UNK. fHi| NON-EXP. o A 1 A.G.L.
TRE 58 | unk. » | now-Exp. - A 1 A
_.K ;d 58 UNK. » NON«EXP. » A 3 A.B.L,
48 F 58 UNK, *# NON-EXP, 7 A 1 A.GoL,
49 F 58 UNK., * NON-EXP. A 1 A.G.L.
54 | M 55 UNK NON-EXP. * A 1 A.G.L.
11 F 55 2 NON-EXF. & A 4 A.G.L,
19 F 51 31 4860 5 i 1 C.G:L.
o2 M 52 46 51:10] 5 8] 1 C.G.L.
18 | w 51 29 850 & | 7 3 c.G.L.
18 F 50 22 870 5 7 3 C.G.L.
07 M 52 63 800 -] 5 1 €.6.L.
27 F 50 82 910 6 3 2 C.G.L.
38 | M 55 UNK . 3R 920 6 3 1 C.G.L.
21 | F 53 2t | 920 6 3 1 c.6.L,
16 M 52 10 940 6 7 1 C.6.L,
94 M 51 5 940 3 3 3 C.G.L.
82 F 48 43 950 3 3 1 C.G.L.
22 " 50 16 1000 1 7 1 E.6:L -
28 | M 50 6 1000 6 7 3 C.G.L.
10 F 53 45 1050 6 s 1 C.6G.L.
28 | F 53 15 1110 2 5 4 C.6.L.
02 F 50 16 1120 6 (4] 3 C.6.L.
12 M 48 48 1120 6 6 4 €.6.1.
88 | M 48 25 1130 3 7 1 C.6.L.
15 M 53 44 1140 6 7 1 C.G.L,
11 M 54 UNK . 3HH 1140 1 7 1 C.6.L,
85 M 53 29 1180 6 2 1 { =1 A
i M 52 8 1190 2 6 1 C.6G.L.

T 39 | m 54 UNK . 788 1180 2 0 1 c.e.L.

91 F 51 2 1220 2 3 1 C.6.L,
08 M 48 45 1290 -] 0] 1 C.6.L.
a3 F 52 58 1330 5 2 1 C.G.L,
31 M 55 11 1340 1 0 1 C.B.L.
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2 S

YEAR YEAR SURVIVAL |DISTANCE FROM AT A =
aF SEX Imosl-; . T.“Ir::;r_m:br‘ Hl‘l?"l- -I\I.—E[:EE_I._) S.:al.—iil(::;:-;; R ,SE!.S:NTsl OoN nfirl:_rrf:t. E I
- RS SYMPTOMS ONSET
5] | BEoE | L7 ; e am| At | Bz co e
A) (%) RUFEER R
o) [l 50 65 1350 2 1 3 C.6,L.
ido s 51 64 1370 6 0 1 C.6.L.
B4 | M 55 8 1370 K 0 1 C.G.L.
01 F 50 15 1370 8 0 1 C.G.L.
22 | F 52 69 1380 6 0 1 B
17 JuF 48 101 1430 3 0 4 C.G.L.
15 M 55 UNK . °Bf 1440 1 1 C.6.L.
14 F 50 UNK. & 1440 € 0 | C.6,.L.
31 | m 47 31 1450 i | 3 C.6.L.
99 | M 51 UNK, 4277 1460 1 0 3 TP
18 F 49 26 1570 ] 0 1 c.G.L,
2% | M| 53 41 ®e | 1 | o 3 c.6.L.
93 | ™ 51 | 22 1640 1 4 1 c.6.L.
00 | M 53 22 1660 6 0 1 | ce.
89 | M 56 45 1700 1 2 1 C.6.L.
21 F 58 UNK . T-B§ 1970 6 4] 3 C.G.L.
22 | ™ 51 25 | 1980 1 0 1 £.6.t
B8 F 49 20 2210 J 2 1 C.G.L.
02 F 47 49 2680 J 0 1 C.G.L.
88 M 55 18 3000 J 0 1 CiGLs
14 ¢ 54 UNK. A 9100 J 0 2 C.G.iL.
9-6 i —flg—“— -is _._.NU.;-E)(F'.JFF{% A i 2 GGk
77 | m 50 | 15 |[mNow-exe. - A 4 C.G.L.
31 F 55 kR NON-EXP, =~ A 1 E.6.L-
19 M 56 = 1 NQN.E-\(P. - A 1 Cib k.
a4 |m | a9 12 NON-EXP. * A g — % (oo
06 M 45 BO NON-EXP. A C.G.L
18 | F |unk. gm | UNK. e | Nom-ExP. ~ | A | Unk. 78| c.6.L
14 | M 51 41 NON-EXP. A CiBik
é_t wo| 49___";.|INK ‘ 1—:’!11 NON-EXP ._ ” A Q ) 3 C.G.L.
13 M 54 8 NON-EXP. A UNK. B8R ol - 10
14 M 55 1 NON-EXP., = A 2 Bl .
07 M 56 NON-EXP, & A 1 C.6.L.
27 F 56 NON-EXP. # A UNK. fBj| c.6.L.
08 F 54 UNK, 8] | NON-EXP, & A 3 C.G.L.
47 v | 53 38 | Non-ExP. A B 2 T c.5.L.
-:.1 ’_M. 54 _.:37 I'IGI'I_-EI;P._T‘ a- 2 C.G.L.
38 | M 56 18 NON-EXP. A 3 C.G.L.
42 | F |unk. | UNK. 788 | NON-EXP. =~ A ~ lonx. FE| c.G.v.
gg | ™ 56 UNK. # NON-EXP. = A 3 oo ) B
16 | ™ 56 | unk. ~ NON-EXP, » A 3 g
a6 | m 57 6 NON-EXP, = A 3 € gL
20 |F | 57 15 NON-EXP, » A 3 E. 6L,
04 F 58 UNK, B | NON-EXP. # A s 3 G.6.L.
27 F 53 UNK. » | NON-EXP. » A uUNk. ABEA| c.e.L.
98 F 55 UNK. » | NON-EXP. A 3 C.G.L.
30 | F 57 UNK, » 1170 6 0 1 &\l-.-,IL
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MASTER| YEAR YEAR |SURVIVAL|DISTANCE FROM| . RADIATION |RESIDENCE
FILE ofF |sex| oF TIMe IN | uypocenter [SHIELDING W s UNTIL |DiacNos|S
NUMBER [8|RTH ONSET | MONTHS IN MeTERS | BATEGORY | oviproms | onser
EEE | WE | mios | dumm |t oo [SEmosn| BERE | 820 | e
WEF | £5 (R) () RUSER i
04 E 53 4 3060 J o] ! AMML
12 M 58 2 NON-ExXp JEEiE A 0 3 AMML
27 | F 51 1 620 5 5 2 Y o
44 M 53 5 780 1 1 1 AoL.L;
01 ¥ 51 2 840 ] 5 4 AJL.L,
34 M 51 | 890 6 3 1 AL,
38 M 50 1 930 é 0 3 Nocleo bl
37 | F 43 2 990 6 7 1 AcL.L,
a2 | r 52 3 1120 6 | o | MLk
a4 | f 51 R 1150 2 5 i Mok s
32 F 51 1 1170 3 3 1 {0 ) e
43 F 52 3 1220 6 4] 1 A L,L,
28 | M 51 2 1340 6 0 1 Bl
43 B 54 11 1620 -] 0 1 A.L.L.
35 | F 56 5 9100 J 0 3 Ak,
42 | M 49 UNK. 8| NoN-Exp JEEE A 1 A.L.L.
48 F 51 | 2 NOM-EXP., # A ) 1_-“- : '_M:Th
43 M 52 1 NON-EXP, *# A 1 [ e S
-11_ M 52 _',r' - NON-EXP, *# A | A.L.L.
49 F 50 5 NON-EXP, ~ A ) o 3 ] i
a8 | m 52 1 NON-EXp, *# A o 2 Bkl
44 | F 52 1 | Non-Exe, » A g | mtats
49 M 52 6 NON-EXP, A 3 A.L.L,
48 | m 53 A NON-EXP. * A 3 AL,
50 F 54 3 NON-EXP., A 2 3
48 M 58 5 _.NON-EXF‘, # A 3 R B e
53 M 55 2 NON-EXP, A 1 AdL.L.
-—JQ_F M 56 UNK ., FBH| Non-EXP. » A 3 Al b
55 | M 55 UNK ., # NON-EXP. » | A 3 Byloibs
48 F 57 UNK, » NON-EXP., * A 2 AsL.L.
55 | 57 UNK. NON-EXP., * i 1 P v A
31 w | _'5? a NON-EXP, * A 0 3 Fralliaiiy
54 M 57 g NON-EXP, # a 4 By bkl
56 | M 7 UNK . TR non-EXP. » A - 2 Relan,
53 | M 57 UNK. # NON-EXP, = A 2 T
54 M 57 5 NOM-EXP. = A 3 Reloali
19 F 87 UNK, ABR| NON-EXP. » A 4 Acbal,
33 M 58 UNK, = NOMN-EXP. » A 4 saliiks
35 | m 49 23 920 3 ) I Golebis
B5 M g2 15 3540 J (s} 1 [ A EA N
87 F 55 UNK. TBH| mMon- Exp. 3E 1R A 2 Eiliatis
99 | M 53 3 1920 § 0 | M.L.
02 M 58 UNK , 7 HH 2700 J 6] | M.L.
27 | m 58 | UNK. » | NON-EXP.3Epd®| A T M.L.
49 F 52 2 NON-EXP. & A 3 M.L.
42 M 58 ilN;\',TFBi,' NON-EXP, = A M. L.
25 F 51 5 A60 5 3 1 ALTU




MASTER | YEAR YEAR |SURVIVAL|D|STANCE FROM RADIATION | RES I DENCE
FILE OF SEX OF TIME IN HYPOCENTER SHYELD NG SIGNS UNTIL DIAGNDS | S
NUMBER |B1RTH ONSET | MonTHS IN METERS CATEGORY | b T aNS GUSES
EAE | M len| aior | tomm L0 | SEmosn| HiERER '
LE 2 = H) ¥ 7R 44
az | m 50 1 a1 g 1 1 ALTU
37 51 1 1100 (] ¢_ 1 :_L‘ru
32 | F | 57 UNK . RBR 1110 i 3 . 5_ 1 ALTU
25 F 48 2 1180 0 0 | ALTU
40 t 50 2 1'-3-?{.‘___ . 1 _-4 e 3 B ALTU
41 F 50 3 ; 'I:l_‘m a | .0 B 1 ALTU
O (O [ [ 3 1810 | 3 2 ALTU
83 M 48 4 2760 J 4] 1 ALTU
25 E 50 | 3710 J 0 1 ALTU
a1 | v | 5330 s | o | 1 | aw
45 5 3400 J (4] 3 ALTU
46 M 1 5 NON- Exp JE #i8 A 3 ALTU
26 M 11 NON-EXP, B & 0 il 1 ALTU
52 M 52 B NON-EXP, A o ALTU
48 M 58 UNK ,f~Bf| nNon-EXP, A 1 ALTU
44 F_ 55 1 NON-EXP, ~ i n: _- o 3 ALTU
50 M 55 _- ] NON-EXP . i A 4 ALTU
46 M 56 1 NON-EXP, A 0 3 ALTU
45 F 48 [ 9 NON-EXP, *~ A 3 ALTU
a1 M 49 2 NOMN-EXP. ~ A 4 ALTU
34 M 49 UNK RBH] MON-Exp, = A UNK., 4B ALTU
50 M 56 10 NON-EXP, # A A aLTU
o8 [ v | s72 | 6 | wom-exe. |3 ] aem
Ao M 48 UNK . 43BH 5610 J 0 1 A,.G.L.
T M | .—:_‘. - 5 NOMN - EXP ..I|_M'_i£ A £l _n G.L
S a6 | * 51 6 2 % | Bamike
- W] 53 e .
_ 10 L 56K T A Bl _____ T jl 3 AMM]
i 32 -_. “:,_1 A 1 A.L.L
a i'.\.-‘_ r'_ i F_ i 3 7 2 ALTU
= 36 = a8 | _3: — _‘-'__ 1 ALTU
&8 20 | F 48 J 0 1 ALTU
i a5 F 41 94 NON- EXP . d-548 A UNK ., #B§ ALTU
g i L] 57 B | NON-EXP, * Y UNK , " ALTU
28 F 48 UMK . A38H 1200 ] (8] 1 ALL
39 FoluNK, UNK. » 65400 N J T (8] UNK. Z°BF CL
37 | M |unk., » | UNK. - 9900 J 0 UNK.  » TaLTu
I a8 | ™ as | 1 MON- EXP . I3 15 it B AGL
- ;.‘l_ Fo 49 - 4 NON-EXP, # A 3 CBL
nas B9 M % 117 NON-EXP. = | A B cLL
; ”' 41 | M 48 a NON-EXP. # a 0 1 ALTU
;5 % 4 W |unk TBA| UNK.{B| NOM-EXP, ~» A - 4 ALTU
2 = _:E; F 48_._ _13 : Tmrz r.ﬂ:r > A u.‘ir. {85 G.L
g.’:t_. 18 Y] 47 2 NON-EXP A& 1 G.L.
48 M 49 2 NON-EXP, # T A 1 T.U.
49 F 19 . | NON.EXP » & UNK. - B§ T.U
49 F 49 UNK . TEH| Nown-E <P . A UNK 4 T.U
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APPENDIX 1IB
ftt 8 1B

Listing of Patients
s A F B =

MYELOPROL IFERATIVE DISORDERS PANMYELOSIS -
(PATHOLOGIC EXAMINATIONS PERFORMED)

oM R W M O E,
(3 PR (b 8 206

e B8 M E — B W WE

DIAGNOSES CONFIRMED

MASTER FILE|YEAR oF AGE sex| DISTANCE |sHIELDING Rnaﬂj\:fon census | ASSOCIATED
NUMBER ONMSET AT TIME OF BOMB IN METERS CATEGORY S| GNS/SYMPTOMS DIAGNOSES
; 5 b TSR : Gl
.Y X 3 ;) : S L : il 3y -
AL | BEOE TR o) 545 el DR (k) HE WS BAHRTR B UEER ANCIEEEE | P L2 Rl &
1950(F)
1954 57 M 792 6 3 1953 -
ME- 55
1949 52 M 900 3 1
LEUKEMIC BLOOD
PICTURE AND
1248 29 F 1132 3 3 1a50(P)| MILIARY TBC,
£ i 5 o A B
U
MILIARY TBC
1955 27 F 1520 o] 0 - ¥
= FHEEH
LEUKEMIC BLOOD
1951 39 m | 2035 J 6 EETURE:
1 L5 i
UNK A B NON-EXP.
19571 o3 ML s : :
MYELOFROL IFERATIVE DISORDERS
IDIOPATHIC PANCYTOPENIA. APLASTIC ANEMIA
OB R OW M Om fE
RS MR LIERUCEE FSEME AN
MASTER YEAR OF ACUTE
FLLE ONSET|BIRTH FEN I[:II sl-l:_'ATNE(;ES Sé‘!‘:EL[;DQI:YG RADIATION EERIS ::filpl; JERGROS LS
MUMBER SIGNS/SYMPTOMS
E4H Bhe | W L G o = e
BEs O P 1551 OIEE (%) e e QHR IR B OMEDR AO#EE HES o
UNK. | 1942 | M 0920 6 0 = 3 APLASTIC ANEMIA
Ao FHETREHE
1956| 1805 | F 1470 6 0 1949, 1950, i PANCYTOPENIA
1953 2 ERE D E
APLASTIC ANEMIA
UNK. | 1900 | M 1570 1 0 1946, 1949 3
s PR THEME M
1956| 1882 | m | 1730 ¢ 0 toag, o506, §  [PANCYTAREREA
1953 4 ek hE
1955 1883 | m 2510 4 o |949_ 1950, 3 APLASTIC AMEMI A
1953 T AERE A M
PANCYTOPENIA ASSOCIATED
o0l 1911l ¢ 2790 4 5 1946, 1950, 1 WITH HYPERSPLENISM
1953 BEBRIR AE VT (- I L 7
£ mERE G
APLASTIC ANEMIA
g UNKNDWN B 1949 3 2
3:“52 1905 | F 3120 J K 18 WA TR R I




M:TIEER Ym_a it sgx| PISTANCE |SHIELDING mif::on CENSUS ACCERT-
NUMBER |ONSET|BIRTH IN METERS | CATEGORY sl S NSUS ) T DIAGNOS|S
LA ] e T iy b o
nas | R | BE lew| ARYS | wom |woemmrown| Acm | mae BUF%
UNK 1917 | M 5100 3 UNKNOWN 7B s 3 APLASTIC ANEMIA
THE : BT HEE R M
o PAMCYTOPENI A WITH
1952 1899 | F 9000 1 0 ) HYPOFPLASTIC MARROW
ETERCE T &0 9 S M BRI 42
PANCYTOPENIA WITH
1955( 1926 M [Non-EXxpP. 1ST SAMPLE 1 HYPOPLASTIC MARROW
FER B ER AL 214 5 £ DB
1945| 1932 F |Non-Exe, 1 R
1948 | 1917 | M |NoN-Exp, ! Fe
1955| 1930 | F E.E, 0 15@1‘“‘E§‘2{L§E i =
1956 | 1941 | F [NoN-EXxp, 1 o
1956 | 1903 | M [NoON-EXP, - . 1 "
IQE; 18915 | F EJE; « 8] i 1 "
1951 1821 | M |NON-EXP, N 1 e
1955 | 1940 | M [NON-EXP, . 1 "
1955| 1944 | F [NON-EXP, - | "
1956 | 1949 [ M |NON-EXP, ‘53 1 "
1956 | 1948 | F |NON-EXP. : 53 1 "
1966 | 1941 | M |NON-EXP, - 1 1"
. EARLY i PANCYTOPENI|A WITH
1953 1903 | m | ENTRANT 3 0 1 HYPERPLASTIC MARROW
BIATH MEFEE R B A 1 5 2Bk biE
1954| 1925 M [now-exe, | . 1 "
UNKAHE| 1934 F |NON-EXP, 3 "
UNK 1935 | M |NON-EXP, - 1 AELBSTIC ANEMTA
edi| A HENE A
1655 a0 4 F NON.EXP. = 3 AF‘LAST'I‘C ANEM| A
5 AM APLASTIC A
1953 1902 F [Non-Exe. € . IE;\;T-—S@%;;LE 3 LAS 'I' ANEM |
POLYCYTHEMIA VERA:  VUEFRILERS £4F ©
1952| 1894 |1 | 3920 3 0 e 4 R | e b i
1950 | 1808 | F 2880 6 e ;g b [ o
unkTH t1a00 | F 9890 3 0 1 i
1950 | 1903 | F 2350 3 s} 50, "'53 1 "
UNKTEY 1901 | M 8860 J 1 1 no

Code to Patient Listing

£50 MR

(1) The last two numbers in the patient’s (1)
year of birth are listed.

(2) Exposure Distance: Horizontal (2)

distance from the hypocenter.
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Shielding Category

A

J

K

o

Not exposed

Exposed beyond 2000 meters from
the hypocenter in Hiroshima.

In open and unshielded,

In or behind some building of
light construction but unshield-
ed or only partially shielded.

Same as above but people in or
behind a concrete building and
unshielded or partly unshielded.

In open but totally shielded by
building, wall, or some man-made
structure of light construction.

In the open but totally shielded
by some feature of the terrain
such as a hill, river bank or a
terrace wall, no flash burns.

Inside of or behind a concrete
building and totally shielded.

Inside of a building of light
construction but totally
shielded.

In an air raid shelter and
totally shielded.

In street car, train, auto-
mobile, bus or miscellaneous
vehicles.

Miscellaneous type shielding.
This includes all types that are
not classified above. Include
brick buildings here.

Indeterminate shielding. This
includes those people whose
shielding may be known in part
but because of lack of complete
information cannot be classified
into any of the above groups.

(3) EREFEE D57 8,

A FEfRHE

J

IRETHIC THAUHE £ D 2000m LB THEER,

Fob,
ERBERO DS 5 (L THIR L | B
R IMELCENCERSNLTVRY
Do

JEEL, BLa> 2 )— r@EHDOT S
BUNIEETHS L, EEldek o E—En &
ks nhtuwd o,

For ki Th 50, WiEh, BER O3B
EOANT#EEm L) E2ERksh Ty
Lo,
FhH#ERETH Y, K, WF, GHFENH
RO L NERER STV A0,
LIEE

a2y — MEEHOWNE, B I3FEIZT
FEEIER STV b0,

B EoONENC S ) 5ES RS T
whio,

PHEgEh I TRLIZEHRINTVAELD,

W, (R, BEIE, 2, 20 R
PR T L2 0,

HAeoEit, Lo ZBEIZEHLLEVET
YEL, MEESHLComEIZIEENS,

EROBREOFRELE L0, RILERO
RBENHLBEFESTS L TH S AHHA
AAEL%E, LEOERIFHT A2 L
WA RELRIBETH B,



(4)

(5)

(6)

(7)

Radiation Signs

0 None

1 FEpilation

2 Bleeding

3 Epilation plus bleeding
4  Oropharyngeal lesions

5 Oropharyngeal lesions plus
epilation

6 Oropharyngeal lesions plus
bleeding

7 Oropharyngeal lesions, bleeding
plus epilation

Residence until Onset

1 In city until onset

2 In suburbs until onset

3 In prefecture until onset

4 Out of prefecture until onset
Diagnosis

A.G.L. Acute Granulocytic Leukemia
A.L.L. Acute Lymphatic Leukemia
A.L.T.U. Acute Leukemia

A.M.M.L. Myelomonocytic Leukemia
C.G.L. Chronic Granulocytic Leukemia

C.L.L. Chronic Lymphatic Leukemia

M. L. Monocytic Leukemia

Acceptability
1 Confirmed

2  Probable
3  Possible

(4)

(5)

(6)

(7)

50

IR
0 MEL
1 KE
2 i
3 BEEUHM
4 CINERE SEAEIR

CHERIRER R U E

g |

6 CIRERTRAER & Ut

1 PR R AR B O L e MR

~3

FEIRIE O E (4
1 3% CihiNEE
2 FEWE CHBSERE
3 NI CRANEME
4 FRE TEIMEE

o A

A, G L A R A s
K. L. L. SRR A g
A.L.T.U. 2%aim
A.M.M. L. BifisiskeE s
LG &M w1 A il
C. Tk TR B2
M.L HLERYE: 2 1ML
T 0 il 1

1 pEE

2 |IITREE

3 AHEFE



APPENDIX 111
i = 1] |

A discussion of the origin and composition of the population bases
utilized in this study is the subject of the following text and

tables.

In addition, the leukemias occurring in each group are

listed by ABOC Master File number and can be checked against the
listings in Appendix IT, for further information.

COMFEIH O - ZFEOER O e O 2 ORI o TR 2 Bt
HoBHimmEE#EIL ABCC 0EEXREES I L-o(HEEnTH ) EFfOE
CHLORHIMEI o E—-8Rr a2 ik vmac LA #S,

A. Neel-Snell (HE-67) Sample

This study group was chosen in 1947.
Approximately 16,000 questionnaires were
completed by a group of exposed survivors.
The group, selected from those who listed
epilation as a symptom, was asked to
report for examination. They were inter-
viewed by a trained interpreter in the
clinic and a detailed questionnaire was
completed. A comparison group, matched by
age and sex, was chosen from a neighboring
city. It was made up of non-exposed
people. The sample was composed mainly of
school age children. The exposed list of
patients who manifested epilation follow-
ing exposure to the bomb numbered 1,424.
An attempt has been made to follow this
group since its inception. The sample is
heavily weighted with the younger age
groups which, in general, have a high
incidence of leukemia. Thus, it is diffi-
cult to use this group as a valid index of
the overall population experience. The
increment of effect, within this group, in
the most closely exposed survivors as
compared to the more distally exposed
individuals, is of interest. The numbers
of cases and the small size of the sample
certainly preclude any definitive state-
ments from this group alone, (Tables XIX
and XX)
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A. Neel-Snell (HE-67) #=*

C OFFEERIZIMTE RE S L, 916,000
DFEME OO THEMEBR M AREHEG L
A, SHEMSIREE & L TIEEY b LR L 12
ANeh GBIEN —REIREL RIS L) BEH
Lz, s MESSHFI I mMESL, 8512
A2 EEREER L2, T84, HERUL
T AR LR L ) RA S, ZhudIERR
BENVLOTVE, FERIEL LCESRESL
D%2T 3, HBREIKELRLA L4UADRE
HBORIUN, CoEMOZERESEH FE S,
FAREALEL LTHMRRER G OHEEH L
DTSN TV 3, > TZOERELLITHE
B A RET IRELEELA LTI LI3RY
TaV o C ORE CIRERE Pk L X ) 6t EEER
BRE I L, BRSWERSEOBRE Th B 2 & LBk
A H 5N, (5 HMEEE Fi L R0 AL A 3
VDTIDEFADOAD LEENLZLE2Z DI
BWETHD, (XKEUXX)



% TABLE XI1X A
HE-87 SAMPLE POPULATION FIGURES™
HE-67 # & o ##§ i *

AGE AT TIME OF BOMB

DISTANCE FROM HYPOCENTER

ol BERE (F)

IN METERS

TOTAL
RO 4 0-0900| 1000- 1499|1500+ 1999|2000 & oVER| &
LiE

00-19 61 117 02 95 365

MALE 20-49 37 43 33 18 131

% 50- OVER 7 10 15 9 41

TOTAL §t 105 170 140 122 537

00-19 52 158 215 149 574

FEMALE 20- 49 46 100 79 35 260

£ S0-OVER 4 13 24 12 53

ToTAL B 102 271 318 196 887

. 00-19 113 275 307 244 939

AND 20- 49 83 143 112 53 391

;;;i;; 50- OVER 11 23 39 21 94

ToTAL #f 207 441 458 318 1424

*ORIGINAL SAMPLE, PROPER PART. REJECTS EXCLUDED.
R34 A . B¢ .
F TABLE XIX B
HE-67 SAMPLE POPULATION FIGURES*
HE-67 & & o & *
DISTANCE FROM HYPOCENTER IN METERS

AGE AT TIME OF BoMs8 LA & o B () Rk

IR 4 0-0900( 1000- 1498 | 1500-1999| 2000 & OVER|

Bk

00-19 597 1166 800 942 3605
MALE 20-49 363 430 321 180 1294
5 50-0VER 69 a9 129 82 369
ToTaL # | 1029 1685 1350 1204 5268
00-19 490 1547 2132 1472 5641
FEMALE 20-49 443 0p2 771 350 2546
£ 50-0VER 34 126 218 110 488
ToTAL #t 967 2655 3121 1932 8675
00-19 1087 2713 3032 2414 9246
T 20- 49 806 1412 1092 530 3840
EEMALE 50- 0VER 103 215 347 192 857
BRUR ToTaL & | 1996 4340 4471 3136 13943

*SUM DF YEARS AT RISK

IN EACH CELL. TIME FERICD FROM

JANUARY 1, 1948-JANUARY 1,
RREEAMIN A KIRNE1 948F1RA1BEN1 958FE1A1HET,

1958.



¥ TABLE XX
LISTING OF PATIENTS LEUKEMIA - DIAGNOSIS CONFIRMED HE-B7 SAMPLE
HE-67 & o B Wr# £t 0 m B F &

MASTER FILE NUMBER|YEAR OF ONSET TYPE DISTANCE FROM HYPOCENTER IN METERS
AALBES BEEOE 5 Lk e OEERE (%)
1954 A.G.L., 729
1954 C.6.L, 1140
1950 A.L.T. 914
1952 A.G.L. 863
1949 A.L.L, 989
1957 A.G.L., 1050
1951 C.6.L. 1982

B. 1949 Census

It was not definitely known in 1949 that
the Japanese government would include a
question regarding radiation exposure in
the National Census that was to be under-
taken during the following year. When
that data would be made available, and its
form was not known. Thus, in order to
establish a list of exposed survivors from
which various samples could be chosen,
ARCC conducted a census of Hiroshima City
in 1949. Approximately 84,000 people were
listed in this census. A revised tabu-
lation, made in 1958 (taking into account
corrections that had come to our attention
over the years), is shown on the following
page. The group contains all possible
shielding situations. A higher percentage
of survivors exposed under 800 meters were
in concrete buildings than those exposed
at greater distances. The strong corre-
lation of distance and incidence of
leukemia regardless of the variation in
shielding is interesting and suggests that
the heterogeneity of the group regarding
dose distribution is not sufficient to
overshadow the major trend.

A potentially serious error exists 1in
this census in that it required approxi-
mately 13 months for completion, and
hence, serious changes due to relocations
of population may have occurred. This may
in part explain the differences in esti-
mates of the population composition from
the 1949 and 1950 censuses. (Tables XXI
and XXIT)
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B. 1949 W=

19495 12 1A BAEUF A 1950F EBL L5 & L
T ESAEECH R E 2HABOEEA
NATENEKREEDENLERE>TVW L2,
ok AR RIAEKL L2 ke d . X2
DER L TR TH D7z, 6D THiA DIEE L RE
T AL L APBBEO—BREENT 2B,
ABC C L1949 \z IR B ol & EE L 720 2
O FE THIBL, 000D R F AVEER S Lz, 1958%
AT ET IR (Rl B O ZRTIES B L
T) 2 RDEIBIT 2, Wik DEEIZILH L0 5
BREF S35, 800m Kl THREEL TEROLAT
3 > 7Y — oz o A EIE HhE Rk
WARE LI L CEN Ik E O, EROBEYE
REL 7o T8 s EaaE L Bl e s o 1 25R VA
MokzZLidfks s 2L T, ZHLKEHRER
Dot 2 EFlo MY 2FodE 24T
Mtk LERBL TV S,

COREBECIIEBENLERGRKEYHSE, 21
X DAEHERGZIZH 13 T HERLTED .,
EOTHEIL I ADOEMA RS THEMEA H
2, 2OANOBENC L0 Ay IL1949 FHEL
1950 FRED ACHR O fHEH HAH L 5.
(£ XXI&oXXI)



# TABLE XXI
1949 RADIATION CENSUS SUMMARY BY AGE AND DISTANCE

1949 FEBANBEEODE S, BRER - LI 28 S

DISTANCE FROM HYPOCENTER (N METERS

AGE aTE BleosonER (%) uNKN. | TOTAL

g::’ f;% 4 if,'; '—:22 700 -|800 -|900 - 1000- | 1100-| 1200- 1300- | 1400- [ 1500- | 1500- | 1700-] 1800-| 1300-] 2000] 2500-] s000-| #% | #

‘ 54 99 |799 @99 |999 1099 | 1199 [1299 [1399 [1499 |1599 [1599 |1799 | 1899 | 1999 | 2499 | 4995 |gase

G .na . . . 3 1t 13| 24 50 91 | 135 | 122 | 158 | 195 | 172 | 218 | 182 | 925| 2428 | 602 1 5310
I 1 2 1 4 18| 17 50 66 85 97 | 108 | 148 | 143 | 181 | 114 | €73 1732 | 448 - 3889
2 1 2 7 7 22 27 42 53 Ay | 3 87 | 141 164 | 327 | 247 | s75| 1452 | 338 5 3808
1518 4 1 q 8 & 15 a1 £4 81 aa a7 97 | 133 | 112 | 115 | 129 | s87| 1750 | 375 . 3734
20.29 1 4 ] 14 8 47 32 76 ZE] 71 78 95 o4 | 103 | 111 | 409 | B9 | 240 . 2455
3039 7 £ 5 21 18 22 54 66 | 123 [ 13 148 | 102 | 188 | 165 | 157 | 169 | 39| 1706 | 433 - 415
; A0« 48 E 2 5 26 24 28 75 [ 113 | 181 | 192 | 1m0 | f98 | 234 | 207 | 207 | 108 | 949 | 2196 | sip . 5529
? | m0.58 1 1 2 20 13 14 L) Ba | 120 | 114 | vas | 137 | 1@e | 170 | 155 | 14D | 772 | 1584 | 366 . a0e7?
E0-69 2 & S| 2 10 21 26 59 53 63 59 a1 a1 B8O 54 | 415| 945 | 214 . 2193
70-78 | - | el ®l e t s| 4| 18 7 9| 20| 26| 1| # | 3| 91| ze| 78| - 596
B0.89 . . . . - - . 1 . 1 . 3 2 ] 1 [ 8 3 10 . 59
60 .99 a = == i 5 5 - H . = 5 e % . - a . T = 1 - 1
ToraL Bif| 24 13 29 a7 99 | 165 | 396 | 532 | ma4n | o58 |1673 [1045 | 1441 |1325 | 1570 | 1357 |6123 15092 | 3621 1 [3s810
00-04 1 2 | 3 7 21 27 73 99 | 122 | 160 | 156 | 183 | 203 | 201 | 145 | 948 | 2358 | 584 . 5294
05-09 - 2 7 12 " 49 51 8% 83 85 | 128 | 132 | 180 | tos | 721 1752 | 434 . 3846
10-14 z H g 10 8 10 39 97 78 8§ &8 83 | 211 | 138 | 172 | 132 | s7s]| 1315 | 314 - 3364
® 15-19 s | s 28 53 16 34 £ 94 154 168 164 150 | 337 188 141 215 | Aa78 | 2172 | 423 - 5350
20-29 & | a 1" 3 37 55 92 | 157 | 209 | 247 | 262 | 261 | 338 | 324 | 300 | 252 |1277| 3135 | 535 1 7537
} 30-39 1 1 3 B 20 49 65 | 126 | 199 | 268 | 279 | 262 | 387 | 319 | 325 | 250 |1453 | 3061 | 645 . 7729
2| a0-a8 1 2 ] 15 37 71 120 | 204 | 238 | 244 | 265 | 387 | 304 | 252 | 217 |1300 | 2748 | 503 - 6927
= | =0-50 1 1 1 4 io 15 a1 &1 110 155 147 142 | 209 150 183 137 | 841 | 1741 344 - 4303
£0-59 - - 1 3 1 " 18 38 3 75 78 97 | no g2 97 83 | s13| 1202 | 308 . 2782
10.79 . . = = 4 I 3 a 12 23 23 33 20 33 21 149 | a4 130 . 215
80-89 . P = . - . . 1 3 1 2 1 4 2 3 . 20 85 21 . 143
80.09 . F = . - . - . . < . ] . - - 4 . - L]
ToTAL fit]| 20 17 52 132 | 126 | 245 | 432 | 825 |V172 |47z |1512 [1533 [2327 | 1880 |1948 [1570 |867% 20015 | 4342 1 |482a6

MELOGEHETH TABULATION DATE: JULY 1958

% TABLE XXI|
LISTING OF PATIENTS, LEUKEMIA - DIAGNOSIS CONF|RMED* 1949 CENSUS
1949 F AD B A EFX o 20 ELAOMMBEM®

MASTER FILE NUMBER|SEX|YEAR OF BIRTH|YEAR OF ONSET|DISTANCE FROM HYPOCENTER IN METERS|DIAGNOSIS
EALRES 5 HEFES RO Bl oo (K) s

F: 1919 1951 458 C.B.L,
M 1802 1952 661 C.6.L.
L 1938 1954 729 A.G.L.
M 1931 1952 796 A.G. L.
M 1906 1957 B4l A.G.L.
M 1807 1852 9500 C.G.L.
M 1833 1950 914 A.L.T.U.
M 1935 1949 916 c.L.L,
M 1938 1955 925 C.8.L.
F 1921 1953 922 GuEgLiL.
M 1814 1952 538 C.G.L.
M 1883 1951 970 A.G,L.
F 1937 1949 989 ALt
il 1929 1954 298 A.G.L.
F 1208 1957 1050 ALGLL,
F 1937 1951 1104 AL, T.U,
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MASTER FILE NUMBER|SEX|YEAR OF BIRTH DISTANCE FROM HYPOCENTER |IN METERS |DIAGNOS|S
. AT E S 1£5 i 3 Ry LB  (F) 1
; F 1942 1122 ANalal.
F 1942 1115 AdG.L,
F 1932 1110 P T
M 1915 T 1138 €60l
M 1911 1140 £. 6k
F 1944 1151 AiLLs
F 1930 1170 ALM.MLL,
= o | 1902 1170 A.G.L.
] I E 1886 | 1176 - EiGils
! I9}1“ 1186 C.G.L.
F 1943 1217 A.L.L.
v 1891 1225 CiEak
F 1911 1284 A.G.L.
F 1893 1333 C.G.L.
M 1931 1344 C.G.L-

B M 1928 1951 1338 ALL.L.

™ 1884 1055 1366 o

F 1901 1950 1366 C.G.L.

M 1900 1951 1373 CeBsl.

F 1952 1952 1382 C.6.L.

M| 1915 1855 1435 c.6.L

F 1914 1950 1440 t.8il.

F 1916 1954 1450 o A.G.L.

F 1941 1950 1473 AL T.U.

T | F 1918 " 1949 1573 C.6.L.

M 1889 1956 | 1697 C.6.L.

" 1922 1951 1082 C.®.L.

F 1905 1656 2200 A.G.L.

I 1ess | 1943 2212 C.6.L.

= F 1916 1953 2584 A.G.L.

B M 1888 1955 3000 CiBiLe
F 1904 1953 ~ 3055 AL,

M 1885 1952 a5az By s
F 1925 1950 3710 AL To0s

F 1942 1956 3 4150 A.G.L.

el 1905 1957 4580 A.G.L

" 1918 1852 | 4850 A.G.L.

*DATE OF ONSET JANUARY 1, 1949 TO DECEMBER 31, 1957.
19491 A1BLN195THEL12HI 1 HIEEIZREH LA
C. ME-55 (Adult Medical Program) C. ME-55 (RA®BEHE)

The ME-55 program was started in 1950. ME—5 5 5H@i219508E 128802 L 7=, #hiREH
Tl:]e expose{i patients were chosen from a BT O 1040E BE TR L 72U 2 bz L i
list provided by the 1949 census of
Hiroshima City. The group exposed under L 726 1000m i 0 #HE 13 4250 1000m &9 1500
1,000 meters was used en toto. DBetween m [ & 0 | LEAO#10% T, 1000m il o W1

1,000 and 1,500 meters, a 10% sample

(approx.) was chosen to match the age - sex

HLHES, HOBRARIE ) &5 ITRE L Lo xt



composition of the inner exposed group.
A control group was chosen in 1950 and
supplemented in 1951, from two control
sample censuses. This group has been
followed since its inception. Tt repre-
sents a random sample and has no serious
known bias. (Tables XXTTT through XXV)

As of July 1, 1957, the current status of
over 95% of the ME-55 sample was checked
in order to determine whether the patients
were living or dead, and the cause of
death if known. No new cases of lenkemia
were found. 1In addition, it should be
pointed out that, since the inception of
this sample, no case of leukemia among the
controls has been detected.

R D DX B RRAS IR K 1) 19504 (28 s
IBIFEIZMAESNL, COBFIZRRLEEE L
BEL 7 AERIEERERATL )V ER0EXL
Rl Vv bDETA B,
(BXXM—XXV)

19574 7 B 1 HEAET, ME-55 {#8ARNI5%L)
EDNE . FOEFEUNR K UFECE ClL s E E
REIA SIIEREE LAY, 20BAMBOH L
EfARR SN2k, BCoEEANREL
FAFHARE (213 —fl & AT 2 0 2 & 4iE
wehik L ohz & ths,

#+ TABLE XXi1|
ME-55 POPULATION FIGURES - ORIGINAL SAMPLE
ME-55 £ & o it (G

DISTANCE FROM HYPDCENTER IN METERS
AGE AT TIME OF BOMB|SEX CHR A G o BERE () T
R OFR 3 000-799 800-938 | 1000- 1199 1200- 1499 | 1500. aaa| #
M 47 7 18E
{5 1 29 29 s 5 55
F 123 53 49 127 7 350
7 g 15 12 29 4 659
20-24
F 52 54 41 102 12 261
M 9 24 15 30 5 84
25-29
r 1 33 30 88 2 164
v0. 51 [y 13 12 16 26 6 89
i F 5 35 22 88 5 155
M 20 27 20 59 | 127
35.39
F 5 30 20 109 9 182
M 2: 3 3 3 140
40- 44 25 &l 0 6
F 3 29 34 15 8 189
45-49 M 18 27 39 94 B 186
-4
F E 22 28 85 8 148
5 M 13 I8 23 59 3 114
TS F 4 12 21 50 3 101
M 9 16 18 a1 3 87
e .
e F 2 6 12 50 1 71
e M 5 6 g 37 3 59
i F 3 5 5 35 2 50
M (6] 6 1 5 u] 22
eReeR F 1 4 7 16 1 29
L] 2 | (0]} 4 o 7
FIBIER ARk F 0 3 1 7 0 1
M 158 200 230 543 a1 1170
Rl 216 286 277 882 59 1720
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% TABLE XXV
ME-55 SAMPLE: MAN YEARS AT RISK 1949- 1956

ME-55 4 : §RZz 1M (1949-1956) o Af

DISTANCE FROM HYPOCENTER IN METERS
AGE AT TIME OF BOMB LG DR () TOTAL
RS OFS 000-799 | 800-999 | 1000-1190] 1200- 1499] 1500- 1900| ¥
MALE 5
15-19 171 160 369 583 32 EIE
20-24 72 120 as 222 32 542
25-29 72 192 121 223 a0 648
30- 34 144 98 123 280 a5 689
35-39 160 214 150 458 8 1000
40- 44 184 157 235 482 24 1082
45-49 141 210 298 707 59 1415
50-54 a8 116 173 238 24 848
55- 59 60 122 133 287 24 626
50-54 31 44 50 238 24 397
65-59 0 38 8 85 0 131
70-0vER LLE 7 8 0 24 ) 39
ToTAL 1140 1477 1776 4027 313 8733
FEMALE &
15-19 875 374 392 1009 56 2706
20-24 409 426 321 814 91 206 1
25-29 85 260 240 700 16 1301
30-34 40 276 176 699 40 1231
35.39 36 233 232 850 72 1423
40- 44 24 225 261 893 64 1467
45- 49 56 172 208 6541 64 1141
50- 54 32 85 154 455 32 759
55- 589 9 45 a3 azz a 527
60-64 18 40 40 240 16 354
65-69 1 27 36 120 0 184
70-0veEr Lk 0 11 10 32 7 60
TOTAL @ 1585 2175 2163 6825 4686 13214
MALE AND FEMALE %ﬁaﬁ
T5-19 1046 534 761 1502 88 4021
20-24 481 546 417 1036 123 2603
25-29 157 452 361 923 56 1949
30-34 184 372 209 979 86 1920
35-39 196 447 392 1308 80 2423
40-44 208 332 496 1375 88 2549
45-49 197 382 505 1348 123 2556
50-54 130 202 327 893 56 1608
55- 59 &9 167 226 6559 32 1153
50-64 a8 84 100 478 40 751
55-69 1 65 a4 205 0 315
70-0VER Ll L 7 19 10 56 7 99
ToTAL #t 2725 3852 3939 10852 779 |21947




7 TABLE XXV

LISTING OF PATIENTS

LEUKEMIA - DIAGNOSIS CONFIRMED

ME-55 SAMPLE

ME-SS &t B MEELZBLAHEL &

MASTER FILE NUMBER]|YEAR OF ONSET TYPF DISTANCE FROM HYPOZENTER IN METERS
EELFES BEH0E = WL o) FERE ()

1951 AL.T.U, 452
1951 C: 6.l 458
1951 AtvLli 621
1052 €. 6L 651
1957 ATl 841
1950 .G 8ER
1952 B 1 X 900
1953 . 6L 922
1951 A.G.L. 970

- 1954 AaBLLs ~ a9s
1954 C.G. L. 1140 -
1951 C.6.L. 1225
1952 €. 6.L. 1333
1951 Aoy 1338
1951 Ctla 1373
1954 Aol 1450

ALL CASES LISTED THROUGH 1857,
195 THEDERAFP OB TOREML B8 L T 3.

D. 1950 Census and Master Sample
The 1050 National Census was conducted
by the Japanese government on QOctober 1,
1950. This listed approximately 98,000
exposed survivors who were residents of
the city. The criteria for residence as
defined on this census are similar to
those that are used in the U.S. Census
Bureau.* 1In addition, in Japan an indivi-
dual may have an "official" residence
which may differ from his actual resi-
dence. The "official" residence is based
on the location of the individual’s

WHICH WERE

IN FROPER PART OF SAMPLE.

D. 1950 sER UV EFME

19504 [E] S5 E (X19504£10H 1 H (= HASEHF =
&0 ERE S, IRETAEEDR 98, 0000 #HkE &
B, COFETERsN TV EERDOE
d S REEABEERTHC LN TV LD LFE L
Thas BIZAFRIIATRBREMREIEOTVS
AL I L0H S L, AL IMBAOFH
DE TH - Th 2HOiCE (FI 21X, BE,

*(1) Students are enumerated at the place where they

school.

FEILE BUCEEL TS TR R T,

are restding for the convenience of attending

(2) Hospitalized patients with tuberculosis, leprosy, or mental disorders are enumerated at the

location of the hospital.

£S5, K Mmoo A EbolSimkomEe tEgs N,

(2)

Hospitalized patients with any disorder who were in the institution for more than § months on

the date of the census are enumerated at the location of the hospital,
FonES TEESRET6rBUEARL TV 2B IHEROMERTER: L,
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Honseki, which i1s the place where certain
records (such as birth, death, marriage,
etc.) are stored. From this census, ABOC
has constructed the so-called Master
Sample. Certain restrictions on indivi-
dual eligibility for inclusion have been
imposed. These restrictions are imposed
to make the group as homogenous as
possible. The exposed portion of the
sample is 97% complete. The group is
restricted to those people whose Honseki
is located in Hiroshima City or in certain
specified adjacent areas. This part of
the sample is called the proper part, and
its composition is as follows:

FEC., M%) MERESN TV 2B TH L, o
DAMEL YA BC C IAFaHA AL fEk L 70
{8 % o 4R & M |- HAAER I AET 30120
CTIREMEHELZ HE— b0ttt 28, &
FoHIRE Nz S5 582 ok, AR
BEEORE SR FIT%5T LT3, CogERI
AFE & LB R U—E DR B THEHET A 2 H A
AD 2R 7 b0 T, EAREAD 2 05 % F
BALIE 2 ORERILRDED Th s,

SIZE |CURRENT STATUS
AE i o SERE

DISTANCE

s

PR?PEF PFQXIMAL 32.000| a7% COMPLETE | uiarp UNDER 2,500 METERS
JE R I A SERK 2,500 (k) il

PR?PE? A TAL 3z, 000| 97% Coﬂ:LETE EXPOSED BETWEEN 2 500 AND 10,000 METERS.
5 SR I 4 SER 2.500-10,000 () RilzT#i

In addition, there is a reserve group
which represents the largest remaining
part of the difference between these
exposed figures and the sum of the exposed
enumerated on the 1950 census. These
people do not have their Honseki in the
defined areas.

Between the years 1950 and 1954, deaths
and migrations in the proper and reserve
parts of the sample are known. All of the
individuals have not been checked since
that time. Thus, we know years at risk in
this sample, with great precision, between
the indicated years. The rate of change
in this interval is very stable, and no
events occurred in the subsequent years
that would have been likely to have
changed the pattern. Thus, by extra-
polation, we have estimated the years at
risk for the three following years. No
serious source of bias is known in this
sample which should effect the present
study. (Tables XXVI-XXX )

() |
o

TR LS S, ZAUIIB0EFEIZ L 5
EHRE L) EEERE RO LERERPORAD
Borho240TE D, THEARTILEOARE
IE EIZTES LNz 2 vy,

1B R PP A D FELC RO IX 19504 £ 1 19
MEZIZHBL TV 35, 2nLIBIELEzov
TIAZES T L0, fEDTI9508 & D 19544
DTS T EEICBEAEIHoOTVwE, &
oo Z# o AiEEs T—ELCH) . X19
SAELIRIE CO¥IgAEA L LEDNE L) %
HkBLES T AL T, #lisbELFIH L1954
FELLHO 3EMOBIENELHEE L 12, A0
RMETREEALPLLINOBRRELZRE2 40
RoBEATRE s 20, (BXXVU—XXX)



MASTER

# TABLE XXVI
PROPER AND RESERVE**
RAEAEF POERUTMWMBESE=**

SAMPLE*

AGE DISTANCE FROM HYPOCENTER IN METERS
AT TIME OF GOME B LA GO () ToOTAL
By ]
0.800 | 900.1000| 1100.1200 | 1300. 1400 | 1500. 1600 | 1700, 1800 1900 2000. 2400 | 2800-2600

0- 9 20 (2)] &5 (7)] 205 (30)| 342 (84)| 473 (64)| 415 (92)] 173 (23)]|1253 (294)| 4209 (871)| 7155(1447)
10-19 24 [8) 121 (PF)] 175 (335)| 268 (S8)| 332 (€7)] 5t2 (115)| 279 (s4)| 885 (198)| 3032 (642)| 5628(1211)
S 20-39 52 (21)|115 (37)| 230 (62)| 343 (80)| 370 (85)| 343 (118)| 213 (s59)| 779 (252)| 2525 (925)| 4970(1639)
‘E 40-59 87 (a)|140 (32)]| 406 (84)| 531 [118)| $29 (135)| 554 (144)| 263 (54)[1309 [316)| 3759 (994)| 7658(1893)
I 60-0VER Il |k 8 (1)] 28 {7} 83 (11)| 120 (18)] 173 (22)] 152 (29) 57 (9)] 389 (45)| 1333 (127)| 2350 (289)
TOTAL M 171 {38)| 469 (109)| 1099 (222)|1604 (335) 1877 (373) 1983 (498)| 985 (21%)[4595(1105) | 14878(3559) |27761(8459)
0- 8 16 (1| 69 [5}] 217 (38)| 381 (€3]] 444 (84)] 435 (B3)]| 178 (39)| 1231 (332)| 4185 (B22)] 7156(1467)
#| t10-19 BO (16]]103 (40)| 301 (107)| 360 (101)| 538 (163)] 475 (132)| 248 (75)| 988 (349)| 3346 (908)| 6479(1801)
. 20-39 75 (18) 235 (54)] 521 (148)| 830 (235) | t006 (228)| 899 (277)| 386 (99) (2092 (630)| 5008(1640)|12052(3329)
; 40-59 44 (3)|148 (22)| 417 (s4)| 686 (103)| B13 (143)| 683 (135)| 258 (59)]|1643 (348)| 4406 (839)| 9108(1716)
o 60-0VER 1 | 7 (=)] 25 i3] 98 {6)| 172 (16)| 222 (23)| 178 (35) 83 (3| 316 (73)] 1868 (153)] 3172 (312)
TOTAL 222 (38)[580 (124)] 1554 [363) 2429 (518) 3023 (641)|2670 (662)]| 1173 ([275)]6470(1732) | 19853 (4352) 3797418715)
*FIGURES REPRESENT THE PROFER PART OF THE SAMPLE. FIGURES IN [) ARE THE RESERVE PART OF THE SAMPLE. ALIVE AND RESIDENT oOF

HIROSHIMA | OCTOBER 1850, MU MEL, (
**TABULATION DATE:

#  TABLE XXVv1!
PROPER PART OF MASTER SAMPLE*

) EFGTEEEEET, 1950.10. 1 RETSE, EaHEE,
NOVEMBER |857 - PROPER APRIL 1958 - RESEAVE H{X ey FME 19575118 TREEL 958848

ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1. 1950
IE A& 8 4 * 19501081 HREEF. LRl EE
DISTANCE FROM HYPOCENTER IN METERS

AGE AT TIME OF BOMB RS L ORERE (K) TOTAL

ki i 0-999 | 1000- 1499]1500- 1999 | 2000- 2499 | 2500- 4909 s000 & %[ #
0- 9 50 588 1061 1253 3228 981 7161
® [ 10-10 70 533 1123 865 2390 662 5643
w | 20-39 105 655 926 779 18886 639 4991
[ w050 123 1031 1446 1309 2896 863 7568
50-0VER 1) I 21 221 389 389 1039 294 2353
ToTAL Bt 370 3028 4945 4595 11439 3439 27816
0- 9 53 634 1057 1231 3213 972 7160
# ™ 10-19 138 740 1261 988 2574 812 6513
“ [ 20-30 190 1492 2201 2092 4779 1229 12073
2 40-50 an 1202 1764 1643 3581 825 9113
“ I eo-over BE | 21 285 293 516 1421 4a7 3183
ToTaL Bt 500 4353 6866 65470 15568 4285 38042

ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1, 1951
195 161 HREEET, EBHEE

0- 9 49 581 1057 1246 3205 976 7114
10-19 64 520 1097 839 2345 545 5510
ol g 104 543 E 760 1850 628 4898
wl  40.59 19 1007 1418 1283 2817 842 7486
2 [ 6o-over Bk | 21 209 364 359 981 264 2188
ToTAL BF 357 2960 4849 4497 11178 3355 27196
0- 9 52 527 1051 1225 3188 959 7112
[ 10-19 135 720 1234 556 2494 796 6335
w | 20-39 187 1472 2264 2063 4719 1216 11921
2 [ a0-%0 96 1187 1736 1611 3528 814 8972
Y [ 6o-ovErR pE | 20 274 489 482 1331 421 2997
ToTAL 490 4280 6754 6337 15260 4216 37337

*BASED ON APPROXIMATELY 06% COMPLETE COMPILATION. R4 9 %= an-toizt 5,
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ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1, 1952
195210815 HEERF, LBTEE
DISTANCE FROM HYPOCENTER IN METERS
AGE AT TIME OF soMe Bl h G OZERE () TOTAL
FEEDES 0-999/ 1000- 1499| 1500- 199a[ 2000- 2499 [ 2500- 4909|5000 & over| #

0- 9 a9 576 1051 1242 3183 958 7059

= 10- 19 62 511 1068 810 2303 629 5383
. 20-39 103 626 301 754 1823 622 4829
g 40- 59 119 987 1394 1260 2755 830 7345
60-0VER L) | 19 195 341 333 895 249 2032

TOTAL & 352 2895 4745 4399 10959 3208 26658

0- 9 52 6523 1043 1217 3169 956 7060

& 10-19 134 709 1213 930 2429 777 6192
W 20-39 183 1446 2243 2054 4672 1201 11799
5 40-59 9z 1167 1708 1579 3479 808 8833
o 60-0VER Ll 18 261 453 455 1245 401 2833
ToTAL #t 479 4206 6660 6235 14004 4143 36717

ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER |, 1953
19531081 H REEE, LEHEE

0-9 49 573 1040 1237 3157 963 7019

10-19 58 496 1043 785 2255 615 5253

R 20.39 98 511 883 745 1785 610 4733
" 40-59 116 959 1357 1226 2696 814 7178
3| so-over Bk | 16 176 313 306 821 226 1858
ToTAL 337 2815 4646 4301 10714 3228 26041

0- 9 53 619 1033 1207 3149 ag0 7011

+* 10- 10 132 700 1179 001 2356 760 6028
w 20-30 162 1434 2223 20386 4621 1189 11685
| 40-59 88 1152 1693 1552 3432 797 8714
= 60-OVER L)} 16 246 424 427 1170 376 2659
TOTAL gt 471 4151 6552 6123 14728 4072 36097

ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1, 1954
1954%10H1 AREETF, LRHEHE

0- 9 47 566 1034 1225 3119 950 5942

& 10-19 57 484 1015 759 2199 601 5115
. 20-39 96 597 870 735 1759 604 4661
=) 40-59 12 932 1332 1200 2521 706 6993
= 50-over LLE 16 160 286 274 749 207 1692
ToTAL @ 328 2739 4537 4194 10447 3158 25403

0- 9 53 615 1031 1203 3131 942 6975

H 10-19 131 684 1152 881 2304 T45 5897
w 20-39 179 1422 2203 2021 4576 1172 11573
g 40-59 87 1132 1674 1522 3384 789 8588
e §0-OVER L) | 12 230 394 400 1096 357 2489
TOTAL #t 462 4083 6454 5027 14491 4005 35522
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ESTIMATION OF**

PROPER PART OF MASTER SAMPLE®

ALIVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1, 1955
FlllE* DEEAD **
195581081 BREESE. LBHTEE
DISTANCE FROM HYPOCENTER IN METERS
AGE AT TIME OF BOME WAL ONER (%) TOTAL
Rk 4 0-999] 1000- 1495] 1500- 1929] 2000- 24992500 - 40099 [s00080verLiy) B
0- 9 48 560 1026 1219 3088 942 5881
= 10-19 54 472 988 734 2145 580 1973
& 20- 39 93 583 857 724 1728 505 4580
2 40-59 109 909 1308 1172 2555 780 6831
% [T g0.over LLE | 15 145 250 248 688 189 1545
ToTAL # 317 2670 4437 4097 10204 3086 24811
0- 9 53 a11 1024 1196 3112 935 £931
i 10- 19 130 870 1125 856 2241 729 5752
w 20-39 176 1405 2181 2009 4526 1158 11455
-2 40- 59 84 1115 1652 1493 3337 780 BAG 1
& [ eo-over Lk | 10 215 367 375 1027 337 2331
ToraL 453 4016 6350 5929 14243 3939 34930
ALIVE AND RESIDENT OF HIROQSHIMA CITY AS OF OCTOBER 1. 1956
1956 108 | BREERF, KamEHE
0- 9 46 555 1019 1212 3055 934 6821
= 10-19 51 461 964 711 2100 560 4847
20-39 a0 560 843 714 1598 587 4501
; 40- 59 106 B85S 1275 1148 2492 764 6570
B 80-0VER )| 14 132 235 225 825 171 1402
ToTAL  @f 307 2602 4336 4010 9970 3018 24241
0- 9 52 807 1018 1189 3092 927 5BB5
+ 10-19 128 857 1101 832 2180 713 5611
5l 20-39 173 1388 2160 1985 4478 1145 11330
g 40- 59 82 1097 1630 1465 3289 772 8335
£ 80-0vER LiE 8 200 342 352 962 310 2183
ToTAaL B 443 3949 5251 5824 14001 387¢ 34344
AL IVE AND RESIDENT OF HIROSHIMA CITY AS OF OCTOBER 1, 1957
1957F10H 1 BEREEG, LAHHEE
0- 9 45 550 1011 1204 3018 925 6753
10-19 49 450 960 f88 2055 541 4743
o 20- 39 87 556 830 703 1669 579 4424
5 40-59 103 882 1242 1120 2426 748 6521
E 60-ovEr LIk 12 120 213 205 572 168 1290
ToTaL Bt 296 2558 4256 3920 89740 2961 23731
0- 9 52 602 1012 1182 3073 320 6841
H 10- 19 126 645 1076 809 2120 98 5474
o 20-39 170 1371 2139 1969 4430 1131 11210
g 40- 50 79 1080 1609 1437 3243 7€3 8211
¥ 50.0vErR klE & 186 320 330 402 301 2045
ToraL Bt 433 3884 6156 5727 13768 3813 33781

*BASED ON APPROXIMATELY Of% COMPLETE COMPILATION.
**EXTRAPOLATED FROM 1950-1954 DATA,
RE 40 6 UM enbLo0izL B,

1950~1954 FREoMirtEEIZ LS,
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#é TABLE XXVI11

LISTING OF PATIENTS
LEUKEMIA - DIAGNOSIS CONF|RMED MASTER SAMFLE PROPER PART OF SAMPLE 1050 - 1957

iF # 4 (1950-1957) ch v 22 W fE = 4 A Il # & & &

ExEREHS | fEEs | Reiog |45 = B0 A s o) FERE ()
04562
0729
0785
0795
) 0841
0900
 oazs
_ os22
0938
ol 0963
ce70
R 1_1:}04
B 0988
1050
}rl',ﬁ__ S
jj SRS 1104 e
1115
1140
ALM.M. L, (AGL) 1.1“?{\ -
_1902 i 15_4_.r.w M AL G, L - - 1170 B
1ot | Wl c.eLs T T
1939 L 1194
1943 T Wbk oy
1801 | c. 6.1 1228
1911 ALG.L. 1284 B
1883 _?.G L ) _1"33,_3_ .
1931 GGk | 1344
1928 "~ N Eak 1338
| 1901 Gt - 1366
1914 G.L 1440
1916 AL, 1450
1900 S Gt 1660
1889 C.6.L. 1897
1878 A.G.Lq 1756
1915 ALG.L 2584
1941 P A.G.L 2590 -
1888 wo| C.G.L 3000
1904 1953 | F AM M. L. 3055
1885 | 1952 | ™ |  c.L.L. 3540
1925 1950 |+ T A.L.T.U. - 3710 -
1942 1956 | F K56 L 4150
1905 1957 | F Rtk 4580
1918 1952 M Y, 4850
1889 19586 F ATG L . — I ﬁ_:}:n

*NOT RESIDENT OF HIROSHIMA AT TIME OF ONSET. EERBLBIEFELTVLZMELO,
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F TABLE ¥XIX
MASTER SAMPLE RESERVE PART OF SAMPLE* PROXIMAL DISTANCES
AR R T WEE -

DISTANCE FROM HYPOCENTER IN METERS
AGE AT TIME OF BOMB LS COERE (K) TOTAL
e 0ES 0-999 | 1000-1489] 1500- 1939 |2000-2409| &
i B M 8 96 171 291 566
. F 3 103 202 323 531
M
vasil 19 106 240 193 558
F 35 224 351 339 949
M 31
S5k 165 260 249 705
F 43 403 588 618 1650
M
a6 17 221 335 313 886
F 10 176 330 342 858
bo-svea O 3 a3 50 45 141
BLE F 1 23 a1 73 158
M 78 621 1066 1001 2856
TOTAL F 92 929 1532 1693 4246
B M4 F 170 1550 2598 2784 7102

*STATUS AS OF MARCH 1958. 195 B3 Hl#E,

# TABLE XXX

LISTING OF PATIENTS
LEUKEMIA-DIAGNOSIS CONFIRMED MASTER SAMPLE RESERVE PART OF SAMPLE 1950-1957

19501957 F fif 8 A dh o & Wi # & % B M # B & ¥«

MASTER FILE NUMBER|YEAR OF ONSET|DISTANCE FROM HYPOCENTER IN METERS |TYPE OF LEUKEMIA
A HiES EMoF 0t A L DRERE (F) = il o) 75 Bl
1951 0887 A.L.L
1953 1138 C.G.L
1951 1373 C.G.L
1954 1617 A.L.L
1951 1843 C.G.L
1956 2200 A.G.L

E. 1953 Census

The June, 1953 Census of the residents
of Hiroshima was a daytime census designed
to determine the size of the resident
population, the amount of inward migration
from the surrounding areas by virtue of
local employment, shopping, etc., and the
routes of entry. The question of exposure
to the A-bomb in Hiroshima was asked, and
the list of exposed individuals was made
available to ABCC. This list was checked
as to residence, and tabulations were made
by age, sex, and exposure distance. This
census potentially missed residents work-
ing out of the area, but living in the
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E. 1953 @M=

19534 6 Bz LB A AC#ME » 1T 4 b,
BEAL £, #875, BhEOSICLSTHREX
£ HRIZADTHR 2 ALBRY Z OEME RE
TARMTERL L, IREBTHIZHR 5 RO
BECOVTEMETLZ O, #BE0RHABCC
iR s N, CORIGEFEIZO EH
L, ESH, 5, BREREICLYRESN
oo COBPEBRESHIZBELTVSY, HiftT
BELTUAALRELTH) 2FL LTHFE
e LTHEBEL)TSREL LD TH S, L AHM



city, and in general was less complete
than a household census. However, it
provides a population base for the esti-
mation of leukemia incidence. The possi-
bility of differences in standards of
medical practice available for the resi-
dents and non-residents exists, but is
probably minimal. No other serious source
of bias is known. (Tables XXXI-XXXII )

# TABLE

1953 CENSUS

HREDH 2 —on&E L L ViEE, KB
EEE & FFEEEOFR 2RO AcdE A
B AR HBY, ZIUEE S (o T E
WLEDOTHA S, tOMOELRAI-ELVODEE
ERDBNELDEFLAT VAL,

(X XXI—XXXT)

XXX
SUMMARY BY AGE AND DISTANCE

1953 F A0 WEOES, HBREHCLIERER

AGE DISTANCE FROM HYPOCENTER |N METERS

AT TIME OF BOMB WOHES G (%) TOTAL

W E4 |0 - 500. [600- [700- [80D- [960. [1000- [1100- | 1200- [1300- | 1400~ | 1500+ | 1500~ | 1700~ | 1800~ | 190G - | 2000- | 2500+ |5000- | un. | it

480 | 595 |598 |799 (&9 |99% |1o0a [1199 |i12s9 1399 |1499 |1599 |1599 (1799 [1890 |1999 |2499 4990 |0000 |kmown

0- 4 - 1 - 4| to| 23 35 56| tom| 160 144] 167| 204| 83| 235 175| 1034| 2526 655 74| 5798
5. 9 = 2 a 3 B 17 23 B4 79 a9 122 V20 170 151 195 1z 734| 1838 514 102] 4356
10.14 . - 2 5 8] 18 30 45 50 84| 128 79| 142 183| 347| 2a0| 635| 1457| 381| 198] 4014
15-18 § - ] 7| 19| 34 95 84 51 93 92| 107 138 4198]| 48| 52| 613 1923| a45| 253| 4410
®| 20-.29 3 5 10| 23| 28| 27 &0 a8 90 21 95 88| 121 12| 20| 141| s06| 1t28| 320 134] 3138
w| 30.39 &| 7 3| as| 19| 31| 9| ee| vaz| 168| 174| 114| 217| 175 184| 188 711| 1871| 530| 132 aarz
Z| a0-4s 5 2 6| 29| 30| 38 85| 127| 1me| z2e| 220| 217| =2va| 221| =234 224| o98a| 2289 599 114] s108
> 50-59 3 . 2 20 15 26 5 94 136 130 150 150 204 185 164 152 743| 1523 399 75| 4236
50-89 1 2 1 4 3| 1o 24 26 50 56 &0 a0 94 8z 59 60| 341| sdo| 208 21| 2004
70-79 - - - . . [ 3 3 a 7 a8 14 19 15 19 10 go| 180 54 al apa
80-89 5 = 3 i q . F 1 . . . . 1 - 1 B 3 19 6 1 3z
a0-a9 . - - - - . - - - - - - - - - . - - . 1 1
ToTAL M 26 | 19 36| 130] 138| 223] a4al| s20( o94a1| 1oas| 1194] 1115] 1593 1426| 1708] 1475] 6363]15504| 4089| 1100]39376
0. 4 1 4 3 3| 11| 23 31 73| 1os| 160| 178| 1es| 2y5| 201| zzo| s8] iooo| zamv| s22 78| s768
5- 9 - - 2 1 B| 1§ 16 =8 64| 103] 103] 15| 144| 133 1ea| 120| 78e| 1872| 489 84| 4309
10-14 2 1 5| 15 8| 15| 40| 105 77 92 83 oz| 218| 1so| 83| 13s5| 86| 1320| 431| 182| 3722
| 1818 o a za| sa| 25| a2 ao| 17| 1eo| es| wes| 67| 380| 21s| 23a| 2s2| oes| 2276| 477| 210 6107
w| 20-20 8 4 18| as| 38| ez| nz| 81| 2ss| s0s| ais| =] asa] e 37| ao7| 1saol ases| szv| 287 s2ma
2| 30-39 1 - -| 18| 25| =6 83| 44| 221| so7| 33| 321| 432 3s2| 3s1| 2av| 1ss2| 3zss| Jos| 164 sea7?
| 40-48 2 1l vl 21 ao o8| 148| 224| 288| 275| =12| 432 325| 303| 256 1326 2877| s2% 77| 7518
: 5059 | 1 1 4 1" 16 A& 73 115 173 171 165]) 217 192 210 147 850 1710 382 59| 4544
5069 . . 1 2 2| 12 15 I 56 67 9z ga| 111 85 ag 78| as8s| 1o081| 297 39| 2522
70.78 1 1 . . . 1 1 7 13 18 18 20 28 14 i 23| 17| 357| 100 14| 785
BO-BY . - . - - . - | 1 2 ] a 2 [ 13 40 13 2 77
80).99 o =i ;I - - - . | - - - - 1 . A . . . 1 . B 2
TOTAL Bt 24 | 20 G1] 163| 140 293{ 522| 937 | 1316 | 1690 1761 1808| 2545 2027| 2182 1774 | 924020834 | 4879 | 1176]53401
BE1OG8MTH TABULATION DATE: JULY 1958

= TABLE XXX11

LISTING OF PATIENTS

LEUKEMIA -

DIAGNOSIS CONFIRMED*

1953 CENSUS

1963 AD@AEBEFPoBWHERLBNAE K EE

MASTER FILE NUMBER| YEAR OF DONSET|DISTANCE FROM HYPOCENTER IN METERS|DIAGNOSIS
W= FEHE Gt o o BERE () RERT

1954 0729 ki@l

_ 1953 0785 it
1957 0841 A G.L.
1955 0925 c.6.L.
1953 0922 B Gty
1953 1048 C.G.L.
1954 1054 A G.L.
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MASTER FILE NUMBER| YEAR OF ONSET|DISTANCE FROM HYPOCENTER IN METERS|DIAGNOSIS
XEE/ES BHnE WLy OBEE (4) Y
1957 1050 A.G.L.
1957 1058 ) A.G.L.
1957 1130 Wilea Tl
1953 1138 €. Gl
1954 1140 & %l
19?? 1170 AdGoL,
1956 1170 Ao @eols
1953 1176 c.G.L,
1954 1194 C.6.L.
1953 1284 A.G.L,
1955 1344 C.G.L.
1955 1366 €4 8L
1955 1435 C.G.L.
1954 1450 {10 - N
1954 1617 A.L.L.
1953 1630 B Gk
1953 1660 N - ) M
1956 1697 0% - DY I
1956 1756 A.G.L.
1953 1918 A.M,
1956 2200 A.G.L.
1953 2584 A, G.L.
1954 2590 L e
1955 | 3000 C.G.L.
1953 3055 AM.M. L,
1955 3451 A.G.L.
1956 4150 AuGils
1957 T 4s80 A.G.L.
1956 NOT EXPOSED JEE A.G. L.
1957 NOT E)(-;’C;SED b & Bk
1956 © NOT EXPOSED c.6.L.
1955 NOT EXPOSED » GG
1956 NOT EXPOSED . A.G.L.
1956 NOT EXPOSED » A.G.L.
1954 NOT EXPOSED » Bty
1957 NOT EXPOSED » A.G,L.
1953 "~ NOT EXPOSED ” G
1954 NOT EXPOSED & A.G.L.
*DATE OF ONSET JANUARY |, 1953 To DECEMBER 31, 1857.
eVikIE: 1953:.1 .1 £91957.12.31 T,
F. Control Sample Censuses F. MBREMFE
The 1950 and 1951 control sample census- 19504E B (F1951E o xf HEEE A 12 H v T id 12
es were discussed in the text on page 12, ST et s R
Tables XV and XVI show the pertinent iata. HIzf Lo RXVRUXWIPHRS 2 WA ERT
No serious bias is noted in either census. MhoBETCLERELALLNERES AL,
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# TABLE XXXI11

POPULATION FIGURES CONTROL SAMPLE CENSUS
MEEE O AD MK

FIRST CONTROL SECOND CONTROL
AGE AT TIME OF BOMS #1440 72 &
78 SizAapkictey MALE FEMALE MALE FEMALE
5] s % T
0- 9 1259 1238 1519 1363
10-19 1489 1289 1861 1539
20-29 1642 1229 1626 1358
30-39 1116 658 1175 823
40- 49 498 277 522 355
50- 59 150 149 200 198
B0O-H9 86 124 67 127
70-0VER [l F _JB 44 18 63
UNKNOWN i 12 4 7 10
SUB TOTAL @t 5248 5012 5995 5836
TOTAL it 11260 12831

# TABLE XXXIV

LIST OF CONTROL LEUKEMIAS SAMPLE CENSUSES

ORI - S S AR I 4

R

MASTER FILE NUMBER|CENSUS|YEAR OF ONSET
A PR ACER im0
is7 1951
1sT 1956
2MD 1951
2ND 1953
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APPENDIX 1V
fit 821V

FIGURE 5

GAMMA AND NEUTRON DOSE - DISTANCE DATA
EBMcE3r BEVPEFREBR:ER: 0OMNE

T r =
I 14
T

Dashed lines give 505 confidence Ilmits

From air dose curves as calculated by
capt. Ed. York, LASL
SRLSONMD

BB &7 L Capr. Bd, York, LASL iz LN

FRNSERRBRL Y E 1 L0

8
-
-
=
L
2
=
=
<1

FIRST COLLISION hEIJl‘lﬂN\
— K ne T

500 1000 2500
DISTANCE FROM NIYI'OCENTER IN METERS L@ cofim (%)
Soures: P!n(l -ulnn of Weupans ﬁ-a'ul{uu fr: ”"unn 0 the firashing - Nagaaahi ofudies.

tehis, 6.5, Miret. J of Mea puies 1 390, 1959,
e

Fi TABLE XXXV

MASTER SAMPLE
POPULATION FIGURES TOTALLY SHIELDED BY JAPANESE STYLE HOUSE {6]*
PROPER PART AND RESERVE PART
XAxk@FEhxbh., BAFEFR(6)* 2L V£ 1z ##K
Eh T AERUFHEF0 ADOBM

DISTANCE FROM HYPDCENTER IN METERS
AGE AT TIME OF BOMB Ly o IERE () TOTAL
RIBE O 5 0-600] 700- 800 900- 1000 1100- 1200] 1300- 1400 ] 1500- 1600] 1700- 1800] 1900| #
" 0- 9 4 23 95 332 601 743 690 262 | 2750
2 10-19 8 39 170 360 504 503 584 216 | 2384
® | 20-29 8 38 147 283 426 454 479 175 | 2019
w | 30-39 1 36 123 331 557 562 573 222 | 2405
3| 40-49 4 35 144 401 614 675 582 210 | 2665
& | s0.50 - 30 71 259 354 398 373 132 | 1617
#1 60-59 2 7 31 108 184 213 187 67 | 799
3 [ 70-over pik 2 2 8 26 34 47 a4 20| 183
% [rovaL & 27 | 210 789 2100 3274 3605 3512 1305 |14822

STATUS AS OF DECEMBER 1957. 19571 ZAR#E
*NUMBER IN PARENTHESI|S REPRESENTS THE MASTER SAMPLE SHIELDING CATEGORY.

ExEEo S SMETT.
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POPULATION FIGURES - IN OPEN AND UNSHIELDED (1)*
PROPER PART AND RESERVE FPART

EABRAR, Fo, Bk (1) *0 ERVCTFHBE o A D HK

DISTANCE FROM HYFOCENTER IN METERS
AGE AT TIME OF BOMB Ly G mEERE (F) TOTAL
IR ) 5 4 0-600|700-800]900- 1000] 1100- 1200] 1300~ 1400 1500- 1600 1700~ 1800] 1900 H
& 0- 9 2 2 5 27 38 48 57 33| 212
g 10-19 2 7 27 79 56 201 329 197 908
B 20-29 1 5 16 34 35 95 82 61] 329
u 30-39 . 2 17 48 69 137 124 53] 450
5 40-49 - 5 11 38 62 174 124 51| 465
w 50- 59 1 3 8 23 43 90 88 38| 292
f 60- 69 1 : 3 5 18 41 26 12 107
2 70-0VER [} 1 1 1 7 4 3 17
= [TotaL B 7 25 87 256 a3z 793 834 446 | 2780

POPULATION FIGURES - PARTLY SHIELDED BY LIGHT CONSTRUCTION (2)*
PROFER PART AND RESERVE PART

EABEAD BEED 2)r LB AW EBSATOAER S FH B ADADHR

RS 0. 8 i 1 I5 34 55 60 35 16 218
2 10-19 1 4 23 51 55 50 78 36 | 295
5 20-29 1 7 14 38 85 61 41 22| 249
w 30-39 2 3 21 34 5§ 56 43 16 241
z 40-49 5 23 48 62 59 51 23| 272
& | s0.50 1 6 21 39 32 27 a| 135
5 60-69 - 1 1 14 18 " 12 7 64
2| 70-over MIE - - - - 2 : 7 a 14
% |voTaL Bt 6 23 103 240 352 344 292 129 | 1489

POPULATION FIGURES = IN OPEN BUT TOTALLY SHIELDED BY LIGHT CONSTRUCTION (3)*
PROPER PART AND RESERVE PART

HEFEEP  FAUER BEMEDQ) IV RLUBBEINTVAERACTMEEAO A OMR

- 0- 9 3 11 23 73 119 164 194 84| 671
= 10-19 1 5 a1 69 76 91 134 ga| s01
;§ 20-29 6 5 22 46 44 76 66 s0| 3i1s
i 30-39 1 7 16 36 86 98 114 54| 412
2 [ a0-49 3 8 17 64 08 109 110 59| 468
“ 50-59 - 5 12 45 59 81 70 45| 317
@ 50-69 3 11 13 30 48 44 18| 167
2 70-over pip . o " 5 P 13 g 4| 34
= | totaL f#t 14 44 132 351 516 680 740 408 | 2885

STATUS AS OF DECEMBER 1957. 1 957#12HHA
*NUMBER IN PARENTHES|S REPRESENTS THE MASTER SAMPLE SHIELDING CATEGORY,

WABA 0B S M E T,
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#F TABLE XXXV

LISTING OF PATIENTS
LEUKEMIA « DIAGNOS|S CONFIRMED MASTER SAMFLE (PROPER & RESERVE)
JAPANESE STYLE HOUSE

(ERUTH)EFBEE P BAFERARBR TCLEHBEELLANLRLEE

MASNTUEMRBEFRILE tti;:rﬂsc:’::;i Y§:25$F TYPE GF LEMKEMLA DFSTANCEi NFRL:)EMTEHRYSPOCENTER
EEHEES | Ehtfoa¥ | ZHmos 58 S0 & SR (K)
01 1054 A.G.L. 729
01 1957 ALG.L 841
73 1951 A.L.L BE7
01 1952 B L 300
o1 1953 Gl 922
01 1955 C.6L 925
ot 1952 |  ©e®uls 938
0 ot | 1est ALG.L 970
0l 1954 A.G.L 938
] o1 1951 R I 11oa
73 T mEs | ©.eik. 1138
01 1956 A. G L. 1170
= 01 1957 ML, 1170
i 01 1952 ol b 1217
i 01 1953 &, Gl 1284
o1 1952 G B 1333
01 1951 BEE, 1338
3 ot | 1950 €. Gk 1366 -
73 1851 G 6aL 1373
o1 1950 C.G.L 1440
01 1954 i Gscls 1450
0l 1949 C.B,L: 1573
- 73 1954 AL ol 1617
o1 1953 C.G.L. 1660
— i 73 ) 1656 A.G.L. 2200
N 02 1949 c.6.L. 2212
& 1953 K. Gk, 2584
-1 — 3858 | A.6.L; 3550
21 1850 E.L, T+0% 3710
TOTAL #BH: . v0v 28

AUGUST 5, 1958. 195848 H5H



7 TABLE XXXVII
LEUKEMIA LISTING DIAGNOS|S CONFIRMED ONSET 1950-1957
MINIMAL SHIELDING - PROXIMAL EXPOSURE
MASTER SAMPLE - PROPER & RESERVE
ERUVTREBFA P ERES 22 EHERBALREES
1950—1957TE BN LHTEE L Lo

MASTER FILE NUMBER| YEAR OF ONSETI TYPE OF LEUKEM|AJDISTANCE FROM HYPOCENTER N METERS
AT S e Emo 5 8 W 4 0 o) SERE (3
_ 1983 Kbk, 0785
= 1950 GGy L., 1004
5 - 1954 C.G.L. 1140
[-8
s I 1955 Ci6l. 1344
L 1951 €.6.L. 1643
1956 Cagiky 1697
[=]
i : 1951 AsL, L. 1151
b g 1952 C.G.L. 1188
5 ; 1954 C.6G.L. 1194
£ W 1951 6.6 1225
=@
g 1952 A.G.L. 0963
- o
ST 1957 A.G.L, 1058
G - b 1950 A.G.L. 1118
L= 1955 A.G.L, 1756
¢ TABLE XXXVIII
LEUKEMIA PATIENTS DIAGNOS!S CONFIRMED "EARLY ENTRANTS"
B S MALGEG 0 B WMEELZAMLGBLSE X
: DATE OF POTENTI AL
® z e AGE YEAR OF DURATION RADIATION
MASTER FILE NUMBER ENTRY POPULATION |[TYPE OF LEUKEMIA
A E F 4 -
T TIM o BOMB ONSET (1949) IN DAYS SYMPTOMS BASE
= . A THEEH a " »
Sk 00 5 masose | Rwor NTERR| wm ) | neek | Aosse o
" AUG. B NEGATIVE
57 6 - A.G.L.
5 195 8H 88 1 =
IN UTERD AUG. B ’ HNEGATIVE
Hﬁm |955, Fﬁ.‘iH 3 ! - A.L,.T.U,
B | == QE_“_ N NEGATIVE =i & o
a - ~ C.6.L.
L] 1949 sH8B 3 = L
= AUG. 17 ~ | NEGATIVE = :
0 1955 3 - A.G.L,
5 955 lsmi7m = -
Al . o , NEGAT E
10 1955 ;; B 3-4 E_‘“ . ALE.L
AUG., B
az2 1957 6 P.M, LINKNOWN UNKNOWN = A.G.L.
8H6H 4+ e ERL
NEGATIVE
a2 jose |7 ifg‘ 15 4 ; AMMLL.
AUG. |5 NEGATIVE .
14 1957 8H 15H 2 = A by
? AUG. UNKNOWN UNKNOWN |'53 CENSUS
21 1956 ; = A.G.L.
88 Fe8R el 5 3 £
AUG, 1B [CONTINUDUS | NEGATIVE |[IST SAMPLE
i 195! 1sm18E  a# - 5—EHE Aok
= AUG. 6 CONTINUDUS NEGATIVE |"50 CENSUS
9
50 1950 8 HE H e = 5 0 EES A.G.L.
= AUG. 7 NEGATIVE GE- 3 ==—p"
19 1950 8H7 8 7 = P T 2T
42 1956 |85 1 o ke - A.6.L




