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The concept of irradiation as a leukemogenic
agent is not a new one. A considerable amount of
experimental work in animals has been done con-
cerning the effects of irradiation and its possible
relationship to the development of leukemia. There
is general acceptance of the experimental evidence
that leukemia may be produced in susceptible
species of animals by exposure to roentgen irradia—
tion.! Reports suggesting that man may be similarly
affected have appeared since 1911 but the evidence
has been Martland in 1931
reported agreement among authorities that cor;tact

less convincing.?

with radioactive substances and x-rays produces
alterations of which the principal objective symptoms
are leukopenia, more rarely a leukemia, and an
Recently, March has
reported that leukemia has occurred as a cause of

anemia of the aplastic type.?

death more than nine times as frequently in
radiologists as in non-radiologic physicians in the

United States.’

In 1948 the Atomic Bomb Casualty Commission

initiated the first survey of the incidence of
leukemia in whole human populations exposed to
high energy radiation by the explosion of an atomic
bomb. The aim of the investigation has been to
obtain information concerning all individuals in
Hiroshima and Nagasaki having onset of symptoms
of leukemia or dying of the disease since the atomic
explosion in 1945. It was found that data previous
to late 1947 were unreliable and insufficient due to
the destruction of records and the general medical

conditions prevailing.
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The purpose of this report is to present data on
the incidence of leukemia and deaths from leukemia
in the survivors of the bombing in Hiroshima and
Nagasaki during the years 1948, 1949 and 1950 and
to compare the incidence and death rate from
leukemia in individuals exposed to radiation at
various distances from the hypocenter.

CASE MATERIAL

In all cases of leukemia from all sources an
attempt has been made to establish the location of
the individual at the time of the explosion of the
atomic bomb, to determine the presence or absence
of symptoms of radiation injury and to confirm the
diagnosis of leukemia by objective criteria. The
sources of material in Hiroshima were (1) patients
referred by physicians to the Commission with the
diagnosis of leukemia or suspected leukemia; (2)
patients admitted to hospitals of the city withrthe
diagnosis of leukemia or suspected leukemia; and
(3) cases discovered by a review of the death
certificates ‘on file with the Health Center of the
city in which leukemia was listed as a cause of
death.

The patients seen at the Commission's laboratory
were given complete medical histories, including a
history concerning symptoms of radiation injury,
complete physical examinations, peripheral blood
studies and, in many cases, bone marrow aspira-
tions or biopsies,

Patients in outside institutions were examined by
the Commission's personnel whenever possible. In
all cases the hospital records of this group were
reviewed and blood smears and bone marrow pre—

parations, when available, were examined.

Cases which were discovered by death certificate
were investigated by means of contact with the
immediate family, the physician of the deceased
and, in patients who had been hospitalized, the
review of hospital records, laboratory data and
autopsy material. Information obtained from death
certificates was personally checked by the Com-—
mission.
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Data on the cases of leukemia in Nagasaki were BEoRmFIcETERNIE L LT19484E1 A1
largely obtained from investigation of individuals e rgpr | o FWE L TR, BHIORHE

dying from the disease si January, 1948. The
o RSN NS IR RARTIC R L Th BRI B Ch o 1o, B
initial source of material was death certificates on

file in the Nagasaki Health Center. The same FEHERERELFAL TH -1,
procedure of investigation was followed as in

!IU’ mh]-l- Ija-
The Commission investigated a total of ninety ABCC citEsloofotMBE sS4+ EE L, oo '
cases of leukemia. Insufficient information con- o 6 Pl EROAE, MOBTICEE, 194548 AL

cerning possible exposure to the atomic bomb, x
. . . Mo B MAFIER O FeE DL T2 TR AT C
residence in another city and onset of symptoms of

leukemia previous to August, 1945, eliminated six Ho ettt Ehic, 1A BP0 &
of this total number. Table 1 shows the distribution AR BT 5 AIUEFEC A 7.
of these eighty-four cases and the deaths from

leukemia in each group.

TABLE 1 ACCEPTED CASES OF LEUKEMIA INVESTIGATED BY THE
COMMISSION IN THE EXPOSED AND NON-EXPOSED POPULATION

AND THE NUMBER OF DEATHS IN THESE GROUPS
& 1 ABCC THif L:-BEEADS I UIEREBHADICHE 2 AMLFEHARS X URECH

. EXPOSED NON-EXPOSED
HEZE ’ FFEgE
Cases of Leukemia |  Dpaths from | coges of Leukemia | Dpaths from
AMARR | gaecrzwe | PIEAR | g ;s e
Hiroshima
5 B ] 31 : 22 23 ‘ 19
Nagasaki
- -l o 15 14 ' 14
b2 | a7 ‘ 37 37 ‘ 33
Table 2 lists the forty-seven exposed cases of 2 ATR OWIRRIUEEFICo0 T, FIA LE
leukemia with the method of diagnostic confirmation RN O AR Lise C 05 BIECBIFE- &

available. In only four cases located by means of

= TA0 B 4 Bz o 2 s T O RN o fih 3 1R
of the diagnosis be made. The entire series of BEATeS S LpCEiehote, SEALFIR,
cases is available for analysis by age and sex oAk L vBFEORIICHEIT Lz, LaL, 5

a death certificate could no objective confirmation

distribution and the type of leukemia. However, 7P H 5 DIX19485, 19495 35 L UA1950%ED 3
only those patients having onset of symptoms or EMchHroc, BB EBOERO5H - 34EM
dying of the disease during the years 194§, 1949 I A DR RE Lizh, Fioid@ig ot L

and 1950 with residence in the cities of Hiroshima
and Nagasaki have been used in the analysis of the
incidence of leukemia as it is for this period of

HEDZEFML T, BMRRERORT £ Tk -
three years in these cities in which data are com—
plete.
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TABLE 2 ALL ACCEPTED CASES OF LEUKEMIA IN EXPOSED SUBJECTS
RECORDED BY THE COMMISSION WITH THE INDICATION OF
THE METHOD OF CONFIRMATION AVAILABLE

% 2 ABCCRGhod<Tofionlme s 2o ik
Distance from
Seen at B :
Number Hypecenter Year of Death | ABCC Snlﬁgadr Bone Ce?fi?it?ate Hospital Autops
(meters) ise e | Marrow : Record R
EOET | mipmsoe | ECOF | ABCCT | MW | pepath | T | e
fE (m) 2 E|k & Bl & i
1 700 1948 — — — x = =
2 900 Living 477 x x — —_ ==, =
3 950 Living =3¢ x X X = — o
4 950 1950 | x x = x = =
5 950 Living &%F x x x == == =
6 | 950 1950 — = — x x =
7 70 1950 x % x x = o
8 1020 1950 X x X x = =
9 1040 1949 — — — X = —
10 1045 1949 X X X % — S
n 1050 1950 | — = | K = X —=
12 1050 _Living ¥ x R % = == =
13 1100 1949 X % - X = =
14 1100 1950 M X % e i = =
15 1130 1950 X x x| x =l T
16 1150 1950 | " x X X % = =
1% 1150 Living #: {5 x X =— — = =
18 1150 1948 — ® — % ® —
19 1170 Living 4=4F x B e % = e = —
20 1190 Living 4:4F X X % Coam — =
21 1220 __1948_ = — — x —= =
22 1300 I seIg5AIT % % X x = =
o 1350 Living 45F x x x == T =
24 1350 1949 - * - x — x
% 1400 1949 % = x [
26 1440 A= - - x = x
27 1450 1948 e x = x x =
28 1475 Living 47F — S WE L) = = % =
29 | 1500 1948 x * X X == =
0 | 1520 Living Eff X ®___ % = = =
31 1530 1950 x x X % = —
—_ 1550 950 e X X P
33 1600 1948 = x — X % %
34 1750 1949 = - - x — ®
B 1820 1949 = — — % = =
36 1830 1948 — x = — % ——
37 2110 1950 x x = = =
38 2175 1951 — % X = x =
39 2400 1951 —_ x — x x —
40 2650 1951 x x x == = =R
41 | 2820 1948 - x = % X =
42 3050 1950 = X X i X x
43 3600 1951 — % x - x =
At 3780 1950 — % X x % =
45 5350 1951 = x = x % =
46 5420 1949 - % x x =
47 5680 1948 e - X = =
(4)




POPULATION DETERMINATIONS

The incidence of leukemia in the exposed popula—
tion was computed on the basis of the total
numbers of that population. The figures for the
exposed population presently residing in the cities
of Hiroshima and Nagasaki used in the incidence
calculations of this report were obtained from the
Commission’s survivor questionnaire circulated with
the Japanese National Census of October 1, 1950.
The accuracy, within 10 per cent, of the figures
from this source has been confirmed by population
estimates obtained from the Public Health and
Welfare Section of SCAP, a sample census by the
Commission in 1950 and the Commission census
file.

Distribution of the exposed population of the two
cities by distance from the hypocenter was estab—
lished by a radiation census in which the location
of the individual at the time of the bombing was
determined by trained interviewers.

COMPARATIVE INCIDENCE

Table 3 shows the incidence of leukemia in all of
Japan and the United States for 1940. Data for
Japan are not available for the war years and the
immediate postwar years of 1941 through 1947. No
data for the cities of Hiroshima and Nagasaki are
available as the records were destroyed in 1945.

It becomes apparent from a comparison of the
available statistics in Japan with those of the

United States that the reported incidence of leukemia .

in Japan averages only one-third of that in the
United States in terms of per million living popula—
tion and about one-fourth in terms of per 10,000
total deaths. Sacks and Seeman reported that the
death rate from leukemia in the United States has
risen continuously since 1900, with an accelerated
rate of increase since 1920. They pointed out that
the increase is not due to changes in the age
distribution of the population and that improved
diagnostic techniques and greater use of medical
facilities must be considered in determining the
cause for the rising death rate.* The lower in-
cidence of leukemia, as reported in Japan, may be
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due to a relative lack of medical facilities available
and the ratio of physicians to a large rural popula-
tion. The available figures suggest that the
incidence in Japan may actually be lower than in
the United States.

In the absence of a satisfactory basis for pre-
dicting an expected incidence and death ratio it has
been considered desirable to compare the incidence
and death rate from leukemia in the exposed and
non-exposed populations of the cities of Hiroshima
and Nagasaki.

cidence and death rate from leukemia is made

Further, a comparison of the in—

between the population exposed under 2,000 meters
and 2,000 meters and over.

AvhEvizdhbmhict, L LAFHRA-SiE
THhIXBRC BT 5RERIR, BT, XELD L
BEvrdEhin v D ERIERLTVW 3,
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TABLE 3 OFFICIAL FIGURES ON THE INCIDENCE OF LEUKEMIA
IN ALL JAPAN INCLUDING OKINAWA FOR THE YEARS
1935-1940, 1948, 1949% AND THE INCIDENCE IN THE

UNITED STATES FOR THE YEAR 1940%¢
£ 3 MEAEDLHERICHT51935~19404, 19484F, 1949FEDRIIFERER *
B L UOKEIZ T 5 19404 0 B s FEE = o 28 il

2 i s Leukemic Deaths
Leukemic Leukemic Deaths
Year Population Total Deaths Deaths per 106 Living P"D{,g:h;r‘“al
FE A B ERrH =T GAFE 106 BX | gagpri 00 3
1935 69,254,148 1,161,936 969 14.0 8.3
1936 70,258,200 1,230,278 991 14.1 8.1
1937 71,252,800 1,207,899 930 13.1 7.7
1938 72,222,700 1,259,805 911 12.6 7.2
1939 72,875,800 1,268,760 930 12.8 7.3
1940 73,114,308 1,186,595 939 12.8 7.9
1948 80,200,000 950,610 956 11.9 10.1
1949 82,200,000 945,444 1,120 13.6 11.8
UNITED STATES -
X H
1940 | 131,669,000 1,417,285 5,135 39 36.2

* The Division of Health and Welfare Statistics, Welfare Minister’s Secretariat, Tokyo
ELEHGTHER
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*% Based on a publication of the United States Department of Commerce-Vital Statistics Rates in
the United States 1900-1940 by Linder, F. E. and Grove, R. D.
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PRINCIPAL FINDINGS AND THEIR
INTERPRETATION

Incidence of Leukemia. Table 4 lists the cases
with onset of leukemia and deaths from leukemia
during the years 1948, 1949 and 1950 in the cities
of Hiroshima and Nagasaki.

A total of thirty cases and twenty-four deaths
were recorded in Hiroshima as compared with
nineteen cases and nineteen deaths in Nagasaki.
An analysis by the Chi square and interaction
method shows no significant difference between the
two cities.

In the total exposed population of the two cities
twenty-nine cases and twenty-three deaths are re-
corded as compared with twenty cases and twenty
This is a
highly significant increase in the incidence and
deaths from leukemia in the exposed population as
shown by the Chi square analysis. .

deaths in the non-exposed population.

-
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A A =g YO AERERIC L A MFTo &R
ORI AT B 238 By,

AT T D AR B A P CHE LIRS 20 0, FES %23
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TABLE 4 CASES WITH ONSET OF SYMPTOMS OR DEATH FROM LEUKEMIA
DURING 1948-1950 INCLUSIVE IN THE POPULATION OF THE
CITIES OF HIROSHIMA AND NAGASAKI
F 4 EELIUTEROADERICST 519M484F~1950FE0 1 MfFEGS - -

] EXPOSED NON-EXPOSED TOTAL
L EEE FEiE it
Cases | Deaths Cases | Deaths | Cases | Deaths
Population | fEf%; | =% | Population | fE{#% | %F1=% | Population | fE il | FECE
AR |10 | 98- 0 | 1048~ | 1948~ | A B | 1948- | 1948-
- 1950 |~ 1950 1950 | 1950 | 1950 |~ 1950
. = 1
Hiroshima 98.265 | 19 13 | 187,447 11 11 | 285,712 30 24
o 9,962 | 10 10 | 144,843 9 9 | 241,805 19 19
ﬁﬁl ‘ 1%2m‘ s | 2 3%3%\ 20 20 5m5n\ 49 43
Summary of Comparison
HEORIE
| | Number of Cases of | Deathe s Lenkenis
. Leukemia RRETIA
C&)Eparéson D/F £ L P [ BIMmFEFE
. z2 P ‘ z2 P
I[-:_:lﬂn;mhlﬁmgvs Nagasaki 1 0.99 ! 0.05
o o | 1 10.34 0.002 5.01 0.03
;%zgm 1 3.30 ‘ ’ 0.47
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In Table 5 the cases of leukemia and deaths from
leukemia for 1948, 1949, and 1950 in the exposed
population are presented according to distance from
the hypocenter of the atomic explosion. A total of
twenty-two cases and eighteen deaths from leukemia
were recorded in the population exposed under
2,000 meters compared with seven cases and
five deaths in the population exposed at 2,000

% 5 ITIRBUREA RIS 31T 519484F, 194945 L8
19504E DE IR ) & & DIEE & 2RO ibA OB
IZ7R L7z, 2000mskil o sfEA D ciz R ifF &8st
2261, A I8MEEERE b, ZhiTk LT2000mEL
LoEBEANCRTATRECRSATS 7. o4
TIREZ Lo TR ORI B LR, Bk
0 52000m KM OBREIC BT A BIMFRER L LT

meters or over. A comparison of these data by the eIt dtioE L A EAMmA T LT3,
Chi square test reveals a highly significant increase
in both the incidence and deaths from leukemia in
the group exposed at a distance of less than 2,000

meters from the hypocenter.

TABLE 5 CASES OF LEUKEMIA WITH ONSET OF SYMPTOMS OR DEATH
FROM LEUKEMIA DURING 1948-1950 INCLUSIVE IN THE
CITIES OF HIROSHIMA AND NAGASAKI ACCORDING TO
DISTANCE FROM HYPOCENTER
£ 5 Kk IvESOADQIZSH519484~19506F 0 1 MG AR &

FrEoOBLI HOER NS
e | HIROSHIMA CITY NAGASAKI CITY | TOTALS (combined areas)
s & B i i 8 il ) NG )
Hypocenter Deaths | Deaths | Deaths
meters) Exposed |Cases of | from Exposed |Cases of | from Exposed |Cases of | from
LB Population |Leukemia Leukemia Population |Leukemia Leukemia| Population I.cukemiail.eukemia
DEficn) | WEAD |Es| A0 | WEAR |AIES| EINE | REAR | KA b
% v | A | % ©
0-999 | 1,400 3 1 671 1 2 2,071 4 3
1000-1499 | 10,596 8 5 3,227 1 4 13,823 12 9
1500-1999 | 19,002 4 3 4,361 2 3 23,363 | 6 6
U&d_';}r 20001 35 998 15 9 8,250 7 9 39,257 22 18
2900'&"‘? 67,267 4 4 88,703 3 1 | 155,970 7 5
T";?l*" 98,265 19 13 96,962 10 10 | 195,227 29 23

Comparison of Incidence in Combined Cities of Cases and Deaths from
Leukemia Exposed under 2000 Meters vs 2000 Meters or over
TR HTA A5 L T2000m 4+ L 0°2000mBl Lol L1z

B L OTEE o RER g
‘ | Cases of Leukemia | Deaths from Leukemia
| 5 1 , AT
|
x2 56.12 | 48.42
D/F 1 1
P <001 <.001
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The data for deaths from leukemia in Table 5
are graphically represented by Figure 1 in which
the per cent of total deaths, occurring in the com-
bined cities, contributed by the various segments
of the exposed population is compared with the per
cent of the total exposed population comprised by
The population exposed at distances
up to 1,999 meters contributed 78 per cent of all
deaths from leukemia although it comprises only
20 per cent of the total exposed population. The
population exposed at 2,000 meters or over con—

tributed only 22 per cent of the leukemic deaths
although it comprises 80 per cent of the total
exposed population,

each segment.

Figure 2 represents the number of deaths from
leukemia in subjects at various distances from the
hypocenter expressed as deaths per 10° living
persons Table 6 presents the
calculated death rate from leukemia in the exposed

populations of the two cities by distance from “the

in each group.

hypocenter. The death rate per 10* living persons
in the population exposed at distances less than 2,000
meters is high as compared with the death rate in
the population exposed at 2,000 meters or over.
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TABLE 6 DEATHS OBSERVED FROM LEUKEMIA AND CALCULATED DEATH
RATE FROM LEUKEMIA IN THE EXPOSED POPULATIONS OF
HIROSHIMA AND NAGASAKI FOR THE YEARS 1948, 1949 AND 1950

® 6

19484F, 194953 L TX1950E DK ks X R OBHRA DIZET 5

BILFEFECH ETECH
Distance from Death Rate from
Deaths from .
Bypocenter Area Exposed Population | Leukemia Observed Leukemia per 106
{meters) ik A D TR B Living Persons
[ (m) D E TR T
0-1999 H&;"‘-‘*‘ﬂ:““ 30,998 ‘ 9 290
N&“"‘%“i 8,259 | 9 1080
‘ T‘;‘f‘ | 39,257 | 18 458
over 2000 ! Hiroshima 67,267 ] 4 50
Nagasaki 88,703 ' 1 11
N ' |
: T‘st;‘ 155,970 | 5 ’ 32
All Distances | Hiroshima 98,265 3 132
SBOEE el ' |
e 9%,962 | 0 | 103
\ g l 195,227 | 23 | 118
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DEATHS FROM LEUKEMIA 10 LIVING-PFRSONS IN GROUP

FIG. 1.

PERCENT

™

COMPARISON OF PER CENT OF TOTAL DEATHS FROM LEUKEMIA IN

THE CITIES OF HIROSHIMA AND NAGASAKI DURING 1949 AND 1950

CONTRIBUTED BY VARIOUS SEGMENTS OF THE EXPOSED POPULATON

COMPARED WITH THE PER CENT OF TOTAL EXPOSED POPULATION
COMPRISED BY EACH SEGMENT
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Acute Radiation Symptoms. It should be recog-
nized that due to shielding, and perhaps other
factors such as individual resistance, a significant
percentage of the survivors exposed to radiation at
distances less than 2,000 meters gives no history
of acute radiation illness following the exposure.*®
A positive radiation history in the population exposed
beyond 2,000 meters is unusual. It becomes
significant in comparing the incidence of leukemia
in the exposed populations according to distance
from the hypocenter to document actual exposure
to radiation injury.

Data are available on forty-seven exposed patients
who developed leukemia with reference to symptoms
of radiation injury following the bombing (Fig. 3).
Epilation, purpura and oropharyngeal lesions are
reliable signs of acute radiation effect. It has been
recognized that fever and vomiting may be non-
specific symptoms unrelated to radiation. However,
all radiation histories were taken by physicians afd
the symptoms and signs were evaluated as to the
time of appearance, relationship to other portions
of the medical history and the accuracy and intel-
ligence of the informant before being recorded.
The radiation histories represent signs and symp-
toms based on the etiologic factor of radiation as
well as can be determined.

While the case numbers are small and the in—
cidence of the symptoms varies somewhat from
group to group, fever and epilation show a striking
progressive diminution of occurrence as distance
from the hypocenter increases. Epilation, which
occurred in all of the patients with leukemia
exposed at distances less than 1,000 meters, was
also more severe in this group, being complete in
75 per cent of the cases. The symptoms and signs
of radiation injury appear to diminish rapidly in
the patients exposed beyond 2,000 meters. Whereas
epilation of some degree occurred in 70 per cent of
the patients exposed under 2,000 meters, it was
not observed in the eleven patients exposed beyond
this point. Purpura also was not found in the
latter group, and a positive history of the other
symptoms listed was found only in a single case.
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* Atomic Bomb Casualty Commission unpublished data. ABCC sRIEBE&EEH
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. 3. INCIDENCE OF SYMPTOMS AND SIGNS OF RADIATION INJURY AT TIME
OF ATOMIC BOMB IN FORTY-SEVEN SUBJECTS EXPOSED IN HIROSHIMA
OR NAGASAKI IN WHOM LEUKEMIA SUBSEQUENTLY DEVELOPED
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. 4. AGE DISTRIBUTION BASED ON AGE AT ONSET OF SYMPTOMS IN
SEVENTY-SIX CASES OF LEUKEMIA DEVELOPING IN NAGASAKI AND
HIROSHIMA AREAS SINCE THE ATOMIC BOMB
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The presented data in the cases of leukemia ex-
posed at distances less than 2 000 meters documents
the actual exposure to radiation injury by a high
incidence of symptoms and signs indicative of a
severe radiation insult. This is again evidence
supporting the concept of radiation exposure as a
leukemogenic agent in man.

Age Distribution. In the United States leukemia
affects persons in the older age groups, fifty-five
years and over, with the greatest frequency and the
death rate from leukemia is lowest in the in—
termediate ages.* Fortysix cases of leukemia,
developing since 1945, in the exposed population
and thirty cases in the nonexpcsed population of
Hiroshima and Nagasaki in whom the age at onset
of symptoms could be determined are presented in
Figure 4.

In the thirty-six patients exposed at distances le;s
than 2,000 meters approximately 86 per cent (thirty-
one patients) had onset of symptoms before the age
of fortv-five years and in no patients has leukemia
been observed to develop after the age of sixty-five.
In ten patients exposed beyond 2,000 meters 60 per
cent (6 cases) occurred before the age of forty-five,
40 per cent (4 cases) between ages forty-five and
sixty-four and none after the age of sixty-five vears.
The cases found in the non-exposed population show
a roughly comparable distribution, 80 per cent (24
cases) being observed in the 0 to 44 age group and
only 3.3 per cent (one case) after the age of sixty-
five years, In the non-exposed populations of
Iiroshima and Nagasaki a higher incidence is noted
in the 0 to 14 age group than in the exposed
population. It should be recognized that in the
exposed population there was, for example in 1950,
no ‘individual under the age of five years. Since
the incidence of leukemia is relatively high in the
first two vyears of life, the advancing years have
removed a segment of the 0 to 14 age group in
exposed subjects which in a normal population
would be expected to contribute some cases of
leukemia.
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It is tempting to read into these figures a pos-
sible shift in the age of onset of leukemia to a
younger than average group and to speculate as to
the possible role of radiation as a causative agent.
However, it appears that a similar incidence of
leukemia in younger age groups is present in the
non-exposed group and the cases exposed beyond
2,000 meters as well.
showed no increase in the incidence of leukemia,
there is no support in the present data for specula-
tion concerning the acceleration of the appearance
of leukemia by exposure to radiation.

Since this latter group

Type of Leukemia. The distribution by type of
leukemia in forty-seven cases in the combined
exposed populations of Hiroshima and Nagasaki is
illustrated in Figure 5. A high proportion of acute
leukemia is found in both the group under 2,000
meters, presumably most heavily exposed to radia—
tion, and the group exposed at distances greater
than 2,000 meters in which no increase in t.he in-
cidence of leukemia is found. It has already been
pointed out that the age of onset of leukemia
in these cases is early and acute leukemia and
myelocytic leukemia are more common in the
younger age groups. No statement concerning the
role of radiation in the determination of the type
of leukemia which develops is warranted on the
basis of the present data.

Sex Distribution. Figure 6 indicates the dis-
tribution by sex of all known cases of leukemia in
both the exposed and non-exposed populations of
Hiroshima and Nagasaki. The cases involved here
are obviously too few from which to draw con-
clusions and are presented only as a matter of
record.

SUMMARY

Data have been presented concerning the incidence
and death rate from leukemia for the years 1948,
1949 and 1950 in the populations of Hiroshima and
Nagasaki, Japan, which were exposed to radiation
effects of the atomic bombs exploded in 1945.

The incidence and death rate from leukemia has
been compared in the exposed and nonexposed
populations of Hiroshima and Nagasaki and also
within the exposed population by distance from the
hypocenter.
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FIG. 5. DISTRIBUTION BY TYPE OF LEUKEMIA OF THE FORTY-SEVEN
EXPOSED PATIENTS WITH LEUKEMIA IN HIROSHIMA AND NAGASAKI
AREAS SINCE THE ATOMIC BOMB
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FIG. 6. DISTRIBUTION BY SEX OF THE CASES OF LEUKEMIA OCCURRING IN
HIROSHIMA AND NAGASAKI AREAS SINCE THE ATOMIC BOMB
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The data show an increase in the incidence of
leukemia in the total exposed populations compared
with the total non-exposed populations of the two
cities. A highly significant increased incidence of
leukemia is found in the subjects exposed to the
radiation at distances of less than 2,000 meters as
compared with those exposed beyond 2,000 meters.

Analysis of medical radiation histories in exposed
subjects with leukemia presents evidence of severe
radiation injury in a high proportion of the cases
exposed under 2,000 meters. There is little
evidence, by this same analysis, of severe radiation
injury occurring beyond 2,000 meters.

The same pattern of findings of the collective
analysis is present in the data obtained separately
in Hiroshima and Nagasaki.

Leukemia in the cases exposed both under 2,000
meters and over 2,000 meters occurs most frequently
in the early and intermediate age groups.

Acute leukemia and myelocytic leukemia have
predominated in all cases irrespective of the in-
dividual's distance from the hypocenter at the time
of the bomb explosion. Chronic lymphatic leukemia
was observed in only a single case. The number
of cases is small and the types of leukemia observed
are not inconsistent with the age distribution in
which they occurred.

Comparative differences in the sex distribution in
the cases of leukemia are slight and the total

numbers too small {0 warrant any conclusions.

CONCLUSIONS

1. There is a significant increase in the incidence
of leukemia in the exposed populations of Hiroshima
and Nagasaki as compared with the non-exposed
populations of the two cities.

2. There is a significant increase in the incidence
of leukemia within the exposed population of
Hiroshima and Nagasaki in subjects exposed at
distances less than 2,000 meters from the hypocenter.

3. The concept that radiation from the atomic
bomb explosions in Hiroshima and Nagasaki is a
leukemogenic agent in man is supported.
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