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HEMATOGLOGY OF ATOMIC BOMB CASUALTIES
RFREZBEOMRR R

GEORGE V. LeROY, M. D,

(Originally published in the Arcluves of Internal Medicine 86:691-710, 1950, Reprinted and
translated by pernussion of the publisher and author)

(Archives of Internal Medicine 8G:691-710, 195MCETHER. HIlEEE b B0 AT 244 Tl « B

As a practical generalization, it may be said that
sufficient irradiation of tissues with either radium
or roentgen rays will cause a reduction in the
number of cells of all series in the circulating blood.
The greater the dose, the more profound is the blood
damage, the more rapidly it develops and the more
slowly it is repaired., The blood response remains
quile consistent qualitatively over a wide range of
dosage, although massive exposures may obscure
the early changes, and small doses sometimes fail (o
evoke the complete response, —Minot and Spurling.!

During the period Aug. 6 to Dec. 16, 1945, a
large number of hematological studies was per-
formed on Japanese injured by the atomic bombs
exploded over Hiroshima and Nagasaki, Japan.
These studies were conducted by Japanese physi-
cians and by medical officers of the United States
Army and Navy attached to the Joint Commission
for the Investigation of the Effects of the Atomic
Bomb in Japan. The results of the studies were
submitted in the Medical Report of the Joint Com-
mission® and have not been published in their entirety
up to the present. Because of current interest in the
syndrome of radiation injury from the standpoint of
national defense, permission has been granted for
the publication of these detailed hematological
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studies, The source of the material here presented
is Section 6, hematological aspects, and Section 9,
statistical analysis, of the Medical Report, The data
are of unusual interest as the authoritative record
of the changes in the blood of a large group of
persons exposed to varying amounts of ionizing
radiation from atomic bombs. They are of especial
interest when compared with the report of Snell,’
of the United States Atomic Bomb Casualty Com-
mission. In the preparation of the latter report
many of the Japanese studied were the same per-
sons discussed in the present paper.

A large body of literature is available describing
the hematological changes that occur in laboratory
animals after exposure to ionizing radiation, and it
is not necessary to review it at this time. The
interested reader is referred to the monographs of
Dunlap‘ and Bloom.® This report will be restricted to
a description of changes that were chserved in the
peripheral blood. An interpretation of the changes
in the bone marrow is in preparation. The clinical
features of radiation injury were discussed by
Warren and Bowers.®

MATERIAL AND METHODS

The material on which this study is based was

obtained from three sources:

1. Blood examinations perfomed by Japanese
physicians prior to the formation of the Joint
Commission (about Sept. 15, 1945). Some of these
studies were made by medical aid and research
groups recruited from various medical schools.
Others were carried out in the wards of medical
schools and military hospitals to which casualties
had been admitted. Few of such studies were
systematic, and most were done under extremely

unfavorable conditions,

2. Rouline blood counts performed on survivors
in each city as a part of the program of the Joint
Commission. An attempt was made to obtain a
reliable “sample” of persons from all parts of the
bombed cities, The study included the completion of
a questionnaire, a physical examination and a routine
blood count by American and/or Japanese techni-
cians,
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3. Special hematological studies conducted by
members of the Joint Commission in the casualty
hospitals to which they had access.

The tabular data which follow will be identified
as follows: JAP, Japanese data, and JC, data from
the Joint Commission statistical study. In most
instances the material from the Medical Report® has
been revised to facilitate presentation, and new

graphs have been prepared,

The laboratory methods employed were as follows:

Erythrocytes and leukocytes were counted with
standard hemacytometers., Some of these were of
American manufaciure, and the others were of
Japanese or German make. None of the equipment
was certified by the National Bureau of Standards,
When time permitted, counts were made in dupli-
cate, but these were an exception.

The hemoglobin concentration was estimated with
the Haden-Hausser or the Sahli hemoglobinometer
CAmerican and Japanese models) and by the copper
sulfate (CuSOs) method. The hemoglobinometers
were standardized against the CuS0y4 method, and,
for the Japanese, 14.5g of hemoglobin per 100 ml
was taken as 100%. The standard CuSO4 solutions
were checked by the pyknometer method. The
hematocrit determinations (for mean cell volume,

etc.) were done by Wintrobe's method,

Differential counts of 50 to 200 cells were made
from films prepared on slides or cover slips stained
with Wright's stain, Most of these films are now
filed at the Armed Forces Institute of Pathology.

Thrombocyte (platelet) counts and clotting studies
were performed by a variety of methods and, gen-
erally speaking, were not reliable.

The exigencies of the situation were such that
the usual niceties of clinical research could not
always be observed. In spite of this, there was
remarkably good agreement between the findings
obtained by various groups in each city,
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SELECTION OF DATA

The large number of blood counts available for
analysis and the variation in the amount of radiation
received by persons throughout the bombed cities
forced me carefully (o select the data for present-
ation, The questionnaire used in the Joint Commis-
sion study yielded information on the approximate
location of each person with respect to zero (the
point on the ground directly beneath the bomb), his
his

clinical symptoms, the extent of his injuries, if any,

position (i. e., outdoors or inside a building),

and the results of physical examination and blood
examination, The material on the questionnaires was
transcribed to International Business Machine (1IBM)
cards for statistical analysis.” Of the 13, 545 question-
naires suitable for analysis, approximately one half
contained some hematological data, In selecting
material Lo demonstrate the effect of atomic bomb
radiations on the blood picture, two groups of

persons were used: (1) patients in whom the
diagnosis of “radiation injury” was made and (2)
persons exposed to comparable amounts of jonizing
radiation who survived 20 days or more. It is desir-
able to define these two groups precisely, so that
the reader may appreciate both the significance and
the limitations of the hematological studies of atomic

bomb casualties,

1. Radiation Injuryv.—COne of the objectives of the
Joint Commission was to establish criteria for the
diagnosis of radiation injury in men. From the 14
clinical signs and symptoms recorded on the ques-
tionnaires it was possible by analysis to define two as
specific symptoms of radiation injury, epilation and
purpura, and three as suggestive symptoms, vomit-
ing on the day of the bombing, oropharyngeal lesions
(such as pain, ulceration, necrosis and gingivitis,
oceurring within 39 days after exposure) and
hemorrhagic manifestations other than purpura, The
correlation of these criteria with the blood changes
and with the estimated dose of radiation was excel-
the tables that follow, “persons with
radiation injury” have been selected on the basis of

[ent. In

the foregoing specific and/or suggestive symptoms.
The interrelationship between the various clinical
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types of radiation injury is shewn in Table 1.1t should
be noted that all the persons classed as having
radiation injury had been or were obviously ill at

the time they were studied.

2, Persons Exposed to Comparable Amounts of
Radiation,—1In the evaluation of the Japanese casu-
alties, it was desirable to divide the patients into
groups, as homogeneous as possible, in respect to
their probable exposure to radiation. If the exact
amount of shielding material between each person
and the bomb had been known, as well as the exact
distance, it would have been theorctically possibie to
make precise classifications. While such a procedure
could not be applied, it was practical to make
reasonably homogeneous groupings from the infor-
mation availabe on the influence of shielding (by
heavy building construction, shelters, etc.) on the
incidence of symptoms, Within the same distance,
persons outdoors or in wooden buildings were most
exposed to radiation, persons in heavy-type buildings
were less expoged and persons in bomb shelters and
tunnels were least exposed. It was observed that
roughly, the incidence of the more important symp-
toms among persons in heavy buildings was about
the same as the incidence of the same symptoms in
persons outdoors who were about 550 yards (500 m)
farther from zero. On this basis, eight exposure
groups, lettered Alto H, were made up by collating
the IBM cards. The location of the persons in these
exposure groups is shown in Table 2.

Exposure group A consisted of the most exposed
patients, and exposure group H, presumably of the
least exposed. Tt is assumed that all persons in each
exposure group received about the same average
dose of radiation. It is apparent that within any
exposure group the persons who did not manifest
radiation injury (as defined) either had greater

resistance or were betler shielded.

In the data labeled JAP, there has been a consid-
erable, but unknown, amount of selection. Blood
counts were made only on the critically ill or on
patients who presented the syndrome which the
Japanese came to recognize as radiation injury. It is
fair to assume that patients so designated had
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radiation injury in most instances, Only those reports
concerning the validity of which I have no doubt are
included,

In the data labeled .JC, there has been no selection
in the usual sense of the term. The data are pre-
sented in relation to distance, to exposure group, to
other injuries and to the time trend. Because of the
manner in which the data were collected, relatively
few of the persons had serial blood examinations,
For this reason, it was necessary and proper to deal
with pooled blood counts to demanstrate the time
trend of the changes in the blood picture, All the
blood counts recorded on the questionnares for
which a date was noted are included in the tabula-
tions. Differential counts were excluded if the
percentages added up to less than 95 or more than
105. All the blood count data are presented in terms

of weeks after the bombing. In the Medical Report®
week 1 is defined as the first seven days following
the day of the bombing, week 2 the next seven days
and so on, The data have been combined in various
ways (i, e., weeks 2 to 5; exposure groups Aand B,
cte,) to obtain large enough numbers of counts for
analysis, to demonstrate significant trends, etc. The
number of white blood cell counts available for
analysis is shown in Table 3,
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TABLE 1 CLASSIFICATION OF CLINICAL TYPES OF THE
SYNDROME OF RADIATION INJURY#*

#1 bi(—%ﬁﬂfﬁ%f“%m@ﬁ?}im’}ﬂi

Pathological groupt .ooceiiieeniiiiniinnn 1
Clinical designation ...vevviveiviiienninnae, S::fel;}e
Approximate mortality, % .....ccecevnens 100
Time of death, WK.-«.cvrrerrensersnanroonses 1-9
Exposure group A
Approximate distance, vd. from zero,

for persons outdoors, unshielded or

in Japanese buildings.....ocovevererinnans 1,100
Symptoms and Signs

Vomiting, day of bombing} coevivennns +

Eptlation v cusssvnismnirassiiaivis +

PUFDMME oo it s -+

Leukopenia s e

Other suggestwe Slg[lS of radiation +

injury .

I It W

Sevére e i Mild
evere
50 10 Nil
3-6 6+ Nil
A, B c,D D.E,F,G
1,100-1,650 1,650-2,750 2,200
+ + +
i -+ +
H # n
ht +t +
H H# e

*Source: Table 1, Section 6, Medu:al Report .
TThese designations are the ones used by Liebow, Warren and deCoursey (Am ]

Pathol 25 : 863-1027, 1949).

fVomiting on the day of bombing is placed in the first rank of symptoms because
of its obvious usefulness in triage and early evaluation of individual patients.



FIGURE 1 Time trendof leukocyte count in severe radiation injury, Curve I
shows data for exposure groups A and B, pooled (1,057 persons);
curve I, for exposure groups A and B, pooled, of 287 persons with
specific signs of radiation injury, and curve III, for 16 patients
with severe radiation injury from Misao Clinic, Stars indicate

average of less than 10 counts,
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TABLE 2 COMPARISON OF EXPOSURE GROUPS ACCORDING
TO DISTANCE FROM ZERO, YARDS*

£2  AWRERO R HOEERE (v — Fii)

: Persons Outdoors G Persons in Bomb
R e P in ey TG
el Buildings & Tunnels
B st e s e e O=L 0001 sesnsan wesssseseis
B e sssennssess sy b L0 1650 {50 50 B £1 S

1,650-2,200 1, 100-1, 650 0-1, 100

2,200-2, 750
2,750-3, 300
3, 300-4, 400
4, 400-5, 500
Beyond 5, 500

1,650-2, 200
2,200-2, 750
2,750-3, 300
3,300-5, 500

1, 100-1, 650
1,650-2, 200
2,200-2, 750
2,750-5,500

*Source: Page 50, Section 9, Medical Report.?
TFor simplicity of calculation, 1, 100 yards is considered equal to 1, 000 meters.

OBSERVATIONS

The fact that radiation injury of varying degrees
of severity occurred complicates the presentation of
the hematological findings. It is desirable, however,
to present the apparently typical blood pictures for
the two types of the syndrome which were the most
serious, very severe and severe radiation injury.
Although it is not strictly correct to do so, it is
probably a fair generalization to assume that most of
the survivors who were included in the Joint Com-
mission study had sustained radiation injury which
could be graded as moderately severe or mild, Actu-

BEHR

FELCHHMEFORREEIIZI X EETHY, =
D L O=dIMPET ROl i s 702 28, wiR
O OO BRI TS A TR A
[Ehh CEE| BLU [ME] ofc, TR LE
ZbhAMERTFRT LA HE LTHEL S, B
ITHEIEL € fev iy, SRETEMOMEECE £ i mi
ORI, AT PR LR O i
XETTWEEZEZCIVWESHAHI, BELE, HELE
L COMSHBEOBE PETELV-OT, R
THROHICERTERNEBER TR A six T E



TABLE 3  SUMMARY OF DATA#*
®3I OH OB 0O R

Hirosima Nagasaki

Exposure ¢ -
i Noof G Noof ik G
Countsf __ Counts
A 870 387 376 161
B 1,119 6870 1, 465 592
B snunun emsusnnm s by e 1,817 855 1,630 554
e el 17 794 702 156
B s R e TR S R R AR 711 286 663 132
F . 575 145 1,091 157
G 267 7 50 70
Fetalassirniiami i 6,663 3,314 6,427 1,822
Hivassnersismmmass 219 112 194 9
Grand Total...oovieeniiiinniinns 65,8382 3,426 6,621 1,918

*Source: Tables 25H, 23N, 33H and 33N, Section 9, Medical Report.*

TThese are single blood counts on different persons, living 20 days after the bombing,
who were examined at any time between weeks 1 and 12 inclusive,

ally, it is not possible to use the data from the
questionnaire study in a clinical sense, since the
severity of radiation injury cannot be determined
for groups of persons. With reference to Table 1,
however, it is reasonable to assume that most of the
persons in exposure groups A and B sustained
severe radiation injury if they survived 20 days or
more, and that the persons in exposur groups C and
Dand E, F and G sustained moderately severe and
mild fradiation Yinjury, respectively. However, this
assumption is less valid than the clinical evidence.

First the Japanese data reported for patients who
are certainly identifiable as examples of very severe
and severe radiation injury are considered. It may
be seen in Figure 1 that the time trend of pooled
white blood cell counts for exposure groups A and B
correspond closely with serial counts for patients in
well run hospitals who had severe radiation injury.
The similarity of these curves is a reasonable basis
for accepting the clinical conclusions of reliable
Japanese physicians with respect to severe radiation
injury, As a matter of interest, it should be noted
that the median lethal dose in 90 days of ionizing
radiation for man was delivered at about 1,100
yards (1,000m).

v Linl, #12R5E&, BIEFARIUBIZEL
TV BED 5t T20H [ ELE4FF L foig o il
BHETH), HEBCHLIUDRELUIIZE, Fil
UG TRFNFNIEN S LUBETCHE LRELT
LENTHSH. Lal, CORED, BHEFRLY
G EREEL S B

Y, IR S E b THERS LUEE TS
ol EAEETHAESCOVCTHAMORE LK
BIOEBTRS, M1ICHELERD, BREAR
LU BT 2 A E MR RS, MiEc
WL = TV AR T /o n A S R R i E E O
IR OFRE L {—FT5, ZhboiH g
2o ki, BETE S H A E Mo R g
F oL T O RNERIVER T 28BN iRAT
Hh, EWRHAREL LT, e b2 RN RTES T
90H PAPIITFETC 4 B AR A o i L il 2341100+ — F
(1000m) OHLFEICHEMTE Z EAEFELC .



VERY SEVERE RADIATION INJURY EhHTHEORHIEESE

All the hemograms of patients with very severe
radiation injury were obtained from the Japanese.
Because of the chaotic conditions in each city, few

valid studies are available, All the reliable data that

were obtained by the Joint Commission are shown

TABLE 4 BLOOD COUNTS OF PATIENTS WITH VERY SEVERE
RADIATION INJURY: HIROSHIMA DATA (JAP)*

R4 ELOTHEORMBEELE TS SRR 15 O VR (HAGD
. Days After Bombing White Hemoglobin Red Blood
Case No.l Blood Concentration, Cells,
Death Count Cells % Millions§
6 ¢ 250 SRR NN
i 5 400
) 5 A4l 000w EEeeess
[} 6 120
[ 6 860 00000 ww Eusas
8 G 840
8 6 5,400
2 8 2, 100
8 6 2,000
8 ] 150
9 f 2 O "
10 6 o - o
4 25 e
9 7 50
9 7 560
8 740
& a7
8 490
3 30 vaw awseeeesee
9 8 100 e Feet
9 200 SEw EEwhmNeEd
9 550
10 9 200
9 6 400 42 4. 10BW
9 6 150 50 4.20BW
11 6 400 45 [.20B
E G 400 32 2,658
8 6 150 43 3.28B
i 250 40 3.75BW
3 B 300 40 2, 82W
8 r 400 40 1.13B
9 7 300 40 3.26W

*Source! Tahles 15 and 15, Section 6, Medical Report.’

TCase numbers refer to Joint Commission records system.

iB indicates burns and W wounds.

£Thig group of patients was inside a heavy concrete building, 220 yards (200 m)

from zero.
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TABLE 5

=5

LEUKOCYTE COUNTS OF PATIENTS WITH VERY SEVERE

RA'D'[ATION INJURY: NAGASAKI DATA (IAPJ

EE>TTAEEOEMERY : ERoEE (BA

Days After Bombing

White Blood Cells
Death Count

2,200
1,670
200-
830
1,300-1,600
§00-1, 000
400~ 500
530-1, 040
830
300
715
430~
1,700
500

530

[T o I o TN L~ o

[T o

L= = S o

500

*Source: Table 14, Section 6, Medical Report.®

TABLE 6

#*6 Z T

DIFFERENTIAL COUNTS ON PATIENTS WITH VERY

SEVERE RADIATION INJURY (JAP)*

U OO S AR 5

&R

ErHFTsREOH Hig (AAMD

Per Cent of Nucleated Cells

No, Baabddasiiie il
. . Poly- Mucleated
Casge: No. Cells \']E;;U Stab  morpho- Lymph- Mono- Eosin- Plasma Red
Counted m}tea Cells nuclear ocytes cytes ophils Cells Blood
a s Cells Cells
50T 0 20 40 28 6 1] 2 ]
50 0 3 50 30 4 i ] 4
50 0 16 60 14 1} i} 0 0
20 0 n 60 5 0 0 0 a5
13 0 15 85 ] a 0 i] ]
30 a 4 73 16 7 0 ] ]
20 1] 0 a0 5 5 0 1] 0
50 0 10 70 16 2 0 1] 0
............ 100 1 26 56 8 4 2 ] 0
Average D.5 11.0 65.0 13.5 S0 8.0
*Spurce: Table 20, Section 6, Medical Report.*
TIn general, the number of cells counted was all that could be found.
in Tables 4 and 5. Of the very severe cases from HEORENAFEIN-OILIPITHS, SHUTE6
Hiroshima records were available of nine differential (2R LTz - OIFATIE, SEIROF&STINS

counts, These are reproduced in Table 6.
apparent that there was no characteristic hemogram
at this time, since the proportion of the various cell
types is about normal. Other observers reported that

only lymphocytes were seen in the blood films made

It is RS TR

BEMBMIPETHY, FRRO



during the first week, but no films or reliable records W [ERZHE] TH5 LN, FOBSSITER
of such films were located. The structure of the few e
cells that remained appeared normal except that
some of the neutrophils were “giant polymorpho-

nuclear cells,”

The blood counts of these patients are of interest ZhE OMERFE HEEE SRR L DAt b
because of the rapidity with which leukopenia 3 W ORI A B o s BRI 2520

occurred in human beings exposed to amounts of i — .
% HFE T bwm Lo TR,

radiation considerably in excess of the estimated
median lethal dose,

TABLE 7 DISTRIBUTION OF LOWEST LEUKOCYTE COUNTS IN PATIENTS
WITH SEVERE RADIATION INJURY, WEEKS 3 TO 5 (JAP)*
RT EEOTEMEELAT B80T 2ROANREOS M, F3»16% 58 (HARM

White Blood Nonfatal

Cell Count Fatal Cases Cases
L R - LU ] SO S 14 1
B e SR~ i S 7 3
L, 001=2, D00 ooneiniiinnnrinrsisarasissrsrssarersannsessarsssssnsssnsinssssos 4 10
[ (175 A 1T T PO e R S P 0 4
L T 25 23

*Spurce: Table 16, Section 6, Medical Report.?

TABLE 8 DISTRIBUTION OF LEUKOCYTE COUNTS DURING WEEKS 2 TO 5
IN EXPOSURE GROUPS A AND B (JC): PERSONS* WHO WERE
LIVING TWENTY DAYS AFTER BOMBINGT
=8 AERARLIUBILEIT 582 4 HH 5 HOBRMMRE DG
(ARERAEED : B %208 MR odE

White Blood _ Hiroshima Nagasaki
Cell Count A B & B
e B e 22 15 2 7

5O0=  BOY s i a7 27 12 21
Lo000=1, 008 saiismnes SasalEie i 51 41 15 28
LoB00=5 000 o S 36 38 11 35
300D B0 R S e 23 35 11 23
4, 0004, 998 i s 16 22 4 23
TR T LR PR A e P e P PO 4 12 4 21
B, 0006, 999 eereriienriananreaere e rasranaann 2 10 7 9
G O] N e ey ey sy e 4 - 5 15
T e S S 2,096 2,979 3,170 3, 856
Pooled groups

A AN B veeeereniiiieiiiniieenannee s 2,555 3,673

*These are single counts for different persons.
TSource: Tables 34H and 34N, Section 9, Medical Report.*
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FIGURE 2 Cumulative percentage distribution of hemoglobin values.
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SEVERE RADIATION INJURY

A great many blood examinations were made on
patients with severe radiation injury, The data have
been selected on the basis of the diagnoses of the
Japanese attending physicians and of the exposure
The

distribution of leukocyte counts in these patients is

group in which the subjects were placed.
shown in Tables 7 and 8,

There is no simple explanation for the discrepancy
in the distribution of leukocyte counts of the persons
included in the statistical study of the Joint Com-
mission, as shown in Table §, When groups of patients
with apparently similar diagnoses are compared,
there is much less dilference between persons from
the two cities, The typical character of the changes
'a white blood cell count in severe radiation injury
is better demonstrated when one considers the time
trend of the mean leukocyte count,

This is shown for three groups of persons in
Figure 1. Curve 1 is the weekly pooled leukocyte
counts of 1,057 persons in exposure groups A and
B from Hiroshima (source: Figure 13 H and Table
35 H, Volume 9, Medical Report®), Curve IT is the
weekly pooled leukocyte counts ol 287 persons with
specific signs of radiation injury in exposure groups
A and B from Hiroshima (source: Table 21, Volume
3, Section 6, Medical Report®). Curve III is the
weekly average leukocyte counts of 16 patients
with severe radiation injury who weres tudied in the
Misao Clinie, Kyushu Imperial University (source:
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TABLE 9 TIME TREND FOR PAIRS OF LEUKOCYTE COUNTS, EXPOSURE
GROUPS A AND B: HIROSHIMA (JC)*
=9 2 A ORISR S RHNER, FHEREARITB  EE

(& EBEAER)

- First White Blood Repeat White Blaod

No. of Cell Count Cell Count

Cases e o -

B Week Mean Week Mean

2-4 2,986 =7 3,497
2-4 2,390 8-10 7,395
2-4 2,487 11-13 6, 781
5-6 2,930 =8 5,861
5-6 2,834 a-10 6,403
5-6 2,700 11-12 6,625

*Source: Tahles 36H and 36N, Section 9, Medical Report.?

TABLE 10 TIME TREND FOR PAIRS OF LEUKOCYTE COUNTS, EXPOSURE
GROUPS A AND B AND C AND D: NAGASAKI (JC)*
®I0 2 EHOAMBREIC KT 2REUAE, #ERABLIFBLLNE
CRIUD: =hy (GRMEE

First White Blood Repeat White Blood
Grodp D(I:o. of _ Cell Count Cell Count
asEs
Week Mean Week Mean
A and Biiaisaiiaes 57 2- 3,009 5~16 7,177
A and Baaiiinsaeaini 57 5-6 3,461 7-16 7,614
€ and BT aissviviiivine 54 2-4 3, 967 5-16 6,531
(o151 [ b 3OO 47 5-6 4,194 7-16 7,413

*Source: Tables 36H and 36N, Section 9, Medical Report.?
TTime trend of leukocyte count in exposure groups C and D is shown for comparison.

TABLE 11 EXPOSURE GROUPS A AND B WITH SPECIFIC SIGNS OF RADIATION
INJURY, POOLED DIFFERENTIAL COUNTS BY WEEKS (JC)*
=11 HIERABS LU BIC S TSR RO REEL & 2
&, MAoEFENDERIE (GEREEE)

A‘;?l:iat%e Polymorpho: Lymphocytes Monocytes Ensinophils Basophils
Week Xo Blood nuclear Cells . i
Cell 7 : 7 . 3 L

Count No. % No. % o \‘l % Na. f’b_ [\_n. -4
1 11 1,000 365 36.5 578 &7.5 55 5.5 i0 1:0 T Al
) 39 2,435 1,347 55.3 Bg3 37.3 104 4.4 30 1.2 5 0.2
[} 18 3,094 1,836 59.3 1,215 39.5 107 3.5 100 3.1 14 0.4
4 22 4,113 2,448 59.5 1,152 28.0 364 8.9 122 3.0 16 0.4
8 13 5,384 3,220 59.8 1,63 31.0 276 5.2 124 2.3 20 0.3
9 10 7,320 4,692 64.1 2,012 27.1 557 7.8 236 3.2 .
10 17 6,576 3,922 59.6 1,940 29.7 23 5.1 292 4.5 37 0.5
11 66 7,048 4,248 §0.3 2,048 31.0 343 4.9 340 4.8 25 0.4
12 91 6,908 4,031 58.4 2,080 30.1 369 6.3 390 5.7 25 0.3
i 28 7,042 3,745 53.2 2,660 38.0 350 5.0 252 3.6 3B 0.5

*Spurce: Table 21, Section 6, Medical Report.?
tAverage of 28 normal Japanese men, September 1945,
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Table 19, Volume 3, Section 6, Medical Report®).
The similarity of these three time trend curves is
remarkable when oneconsiders the origins of the

data,

In all the blood examinations made on patients
with the severe type of radiation injury, leukopenia
was most prominent in weeks 3 to 5, and the return
to normal values was seen in weeks 8 to 10. The
typical time trend of the white cell count is also seen
when pairs of counts on the same persons are
compared., This was possible with some persons
from exposure groups A and B. These comparisons
are shown in Tables 9 and 10,

The relationship between the tempo of the evolu-
tion of the syndrome of radiation injury and the
severity has been discussed in another report.® It is
important to note that the mean day of onset of
epilation and of purpura (specific symptoms of
radiation injury) was the twentieth and twenty-fith

BB EEUTVS,

EEOSHEE AT T A B E O TiT b
ML Gk, WInLEI AW LB EZ AT TE
IMERFA L BEETH 0, T8 A-hWIGEICANTT
ER~EE L o, F—kigad 2 Fak L cfEo
EMER B A Ll L TAeRRIz L = o S8R PR i A I
BrRE b, BEBARIUBLETAEETEIC
DV T ORI CH o, ThikEIBITI0

sl U o

B OEROETOR S L FOERER LM
R ORSCRR L/ BBBABIUBICETS
FCUE, MBS LU (Rl OR AR
OEFAER AL, FHEh20HE s L U25H H T
Lo lEATEFThs (HFT AFEBEERIEEN

TABLE 12 DISTRIBUTION OF RETICULOCYTE COUNTS IN PATIENTS WITH SEVERE
RADIATION INJURY, WEEKS 3 TO 4 AFTER THE BOMBING (JAP)*
®£12 EEOMMREECT 5 MBS OMRRIIREOG, BUkE
BicloL 4 CHAND

Fatal Cases %, Reticulocytes Nonfatal Cases

0-0.4

9 (i}
] 0.5-0.9 4
0 1.0-2.0 2
0 Over 2.0 1
9 13

*Source: Table 5, Section 6, Medical Report.*

TABLE 13 MEAN RED CELL DIAMETERS OF PATIENTS WITH SEVERE
RADIATION INJURY (JC)*
®|13  WEOHNIMBEYHETHEE OTERIRER (SRR

Mean Diameter,

Source Week Micronst Number
Hireshima :viasmaammamsissmmssiassiiisaivee 7.0240.312 4
Nagasaki cooiieianisse i, 7.284+0.610 10
Magasall vaiias i sassaiiiminaimneig 7.85+0.428 20
Normal Japanese 7.524+0.292 23

*All measurements were made by Major Samuel Berg, Medical Corps, Army of
the United States. Source. Tahle 9, Section 6, Medical Reports.?
TMean + standard error of the mean,
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TABLE 14 RED BLOOD CELLS OF PATIENTS WITH SEVERE RADIATION
INJURY, WEEKS 9 TO 12 AFTER THE BOMBING (JC)*

&4 BECISHESELETIBECET HEE9V L12EE
CpmBk (GREEAR)
i} Mean Cell Mean Cell Mean Cell
Na. Source Volume, T Hemoglobin, T Hemoglobin
Cubic Microns Micromicrograms  Concentration,t %
66 MNagasakicmamimmiiaais 93.1+41.31 31,240.51 33.2+0.45
55 Contrals:ieiimaavaisig 31,2037

§9.1%+1.35

33.9+0.27

*Source: Table 8, Section 6, Medical Report.®

fMean + standard error of the mean. The difference between the means of patients
and controls is significant in the case of mean cell volume and mean cell hemoglobin.

day, respectively (source: Table 18, Section 9,
Medical Report®), for persons in exposure groups A
and B. It is quite evident that weeks 3 to 5 are the
critical ones for casualties with severe radiation
injury.

Differential Counts.—The most satisfactory group
of differential counts available is shown in Table 11.
These differential counts were made at the same
time, and on the same persons, as the counts
comprising curve Il of Figure 1, i. e., persons from
Hiroshima in exposure groups A and B who had
specific signs of radiation injury. In this table both
absolute numbers and percentages of each cell type
are shown., The most significant feature of these
data is the fact that the absolute number of lympho-
cytes had not returned to mormal by the twelfth
week, whereas the granulocytic cells reached normal

levels in the eighth to ninth week.

Detailed analyses of the various cell types revealed
no other significant or useful trends. The eosino-
philia which was observed, particularly among
citizens of Nagasaki, was apparently not related to
the atomic bomb, since it appeared in control groups
to an even greater extent than in exposure groups
A and B.

Erythrocyte and hemoglobin variations in patients
with severe radiation injury were less consistent
than the changes in the leukocytes, It appeared that
the lowest values occurred in weeks 6 to 8 after the
bombing and that the return toward normal was
evident after the ninth week. The data most useful
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FIGURE 3 Price-Jones curves for patients with severe radiation injury during
weeks 9 to 10 after the bombing (solid line) and for normal Japanese
controls (broken line).
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for purposes of illustration are shown in Figure 2
It will be seen that in the control group (H) 50% of
the normal subjects had values for hemoglobin
concentration of less than 11.5g. These low values
are probably a reflection of the poor nutritional state
of the residents of the bombed cities.

Reticulocytes.—A small number of reliable reticu-
locyte counts was performed, the results of which

are shown in Table 12,

Red Cell Size.—Measurements of the diameter of
erythrocytes were made, using blood films obtained
from typical patients with severe radiation injury.

The results are shown in Table 13,

The Price-Jones curves for the last two groups
(Table 14) are shown in Figure 3. The difference
in the mean red cell diameters between patients
convalescent from severe radiation injury and normal
Japanese controls from the same vicinity is signifi-

cant,

Corpuscular Constants,—The values for mean cell
volume, mean cell hemoglobin and mean cell hemo-
globin concentration were determined on samples of

Cell
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TABLE 15 DISTRIBUTION OF THROMBOCYTE COUNTS IN PATIENTS WITH
SEVERE RADIATION INJURY DURING WEEKS 3 TO 6 (JAP)*

&I5

HEORMHREEL R TAREICET 283 L\ LE 9D

R ODM (HAp)

Fatal Cases

150, 100-200, 000
More than 200, 000

Thromhocytes

Nonfatal Cases

Less than 25, 000
2 25, 100~ 50, 000
0 50, 100-100, 000
0 100, 100-150, 000
0
0

2|
W= B3 = i oW Do oW

*Source: Tables 27 and 28, Section 6, Medical Report.?

TABLE 16 RELATIONSHIP BETWEEN LEUKOCYTE COUNT AND HEMORRHAGIC
TENDENCY IN PATIENTS EXAMINED IN FOURTH WEEK (JAP ¥

#®16

o4 Eici A Lo BaEis st A BB & I iEm & oBE (BARHD

White Blood Cell Count, Less Than 1,000

Rumpel-Leede Bleeding Time, Clotting Time, Rumpel-Leede Bleeding Time, Clotting Time,

White Blood Cell Count, 1,000 to 2, 000

Reaction Min. Sec. Min. Sec. Reaction Min. Sec. Min Sec.
+ 28 00 13 30 == 16 30
+ 23 00 12 30 ™ 11 30 12 30
4= 30 0n 16 30 Fec i 30 12 a0
-+ 13 30 13 30 = 10 0o 14 00
+ 30 30 15 00 = 4 30 11 30
S o 22 30 15 30 White Blood Cell Count, 2,000 to 3,000
— 20 00 12 30 = 8 30 13 00
= 17 00 15 [li] = 7 00 9 0o
= 16 00 14 00 = 5 0o 13 0o
- 24 a0
— 19 30 20 30
- 26 30 10 30
=5 20 00 8 30
- 3 30

bloed from a group of patients convalescent from
severe radiation injury during weeks 9 to 12 after
the bombing, The results of this examination are
shown in Table 14,

These studies of cell size indicate that during the
recovery period after radiation injury the red cells
are larger than normal, It is assumed that this is
due to the occurrence of a reticulocytosis at this

time.

*Source : Table 32a, Section 6, Medical Report.?
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Thrombocytes and Clotting Studies— A consider-
able number of thrombocyte counts is available, as
well as a lesser number of valid studies of the
clotting mechanism. The significant data for throm-
bocytes are shown in Table 15,

The relationship between the defect in the clot-
ting mechanism and the injury to the bone marrow as
reflected by the leukocyte count is well shown in
Table 16, The fate of these particular patientsis not
known, but they were selected for study during the
fourth week because they obviously had severe
radiation injury. All had spontaneous purpura, and
13 of the 22 had experienced epilation at that time,

BHEIUEMBE o) 3EACO-TOR
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TABLE 17 STUDY OF THE HEMORRHAGIC TENDENCY IN THE SEVERE TYPE OF
RADIATION INJURY (JAP), AVERAGE VALUES fOR SEVEN PATIENTS*

=17 WECHMSRMESEC T 5 WIMER Ok (HARMD, 7 A0

Capillary Fragility §

Week Bleeding Clotting
Alter Th.ro:nbu» Time,T Time,} Infra- Volar
Bombing CYLER Min. See. Min, Sec. clavicular Area of
- O Om - Region Arm
4 105, 000 12 45 6 30 16.0 16.5
5 81,300 B 20 6 45 17.3 16.6
G 90, 800 4 an 3 30 18.8 19.6
7 82, 000 2 45 ) 15 22.0 22.2
4 75,000 3 00 4 30 23.5 23.5
250,000 2 00 3 00
Normal 300, 000 3 00 1 00 More than 25 to 26 mmHg

*Source: Table 33, Section 6, Medical Report.?

TBleeding time determined by Duke’s method,
tClotting time determined by capillary tube methad.
§Capillary fragility determined by vacuum method,

FIGURE 4 Serial hemograms of patient (Case 4, Nakao) with typical fatal severe
radiation injury.
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FIGURE 5

Serial hemogram of typical nonfatal case (Patient S. K., a man 23

years of age, from the Kusunoki series) of severe radiation injury.
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The only reliable serial study of the hemorrhagic
tendency was made on a group of patienis with
severe radiation injury whoe recovered and who were
studied for 5 weeks. The results of this study are
shown in Table 17,

patients with severe radiation injury form a charac-

The hematological changes in

teristic pattern which is consistent with the other
clinical findings. To complete this section, attention
is directed to the serial blood counts of a typical
fatal case, Figure 4, and to those of a typical nonfatal

case, Figure 5,

MODERATELY SEVERE AND MILD RADIA-

TION INJURY

The Japanese physicians did not devete much
attention to patients with milder grades of radiation
injury. For purposes of analysis and demonstration,
it is desirable to use exposure groups C, D and E.
With reference to Table 2, this includes all persons
outdoors and in wooden buildings from 1,650 to
3,300 yards (1,500 to 3,000 m) from zero, persons
in heavy buildings from 1,100 to 2,750 yards (1,000
to 2,500 m) from zero and persons in bomb shelters
and tunnels from 0 to 2,200 yards (0 to 2,000 m)

from zero,

The incidence of either epilation or purpura (i. e,
specific signs of radiation injury) in these exposure
groups was 13.3, 5.8 and 4,1% for Hiroshima, and
21,8, 10.4 and 3,0% for Nagasaki, in groups C, D
and E, respectively,
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FIGURE 6 Time trend of pooled weekly leukocyte counts in exposure groups with
moderately severe and mild radiation injury (source: Table 33N,
Section 9, Medical Report®), Star indicates average of less than 10
counts, Base line at 7,000 cells represents normal value for J apanese,
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TABLE 18 DISTRIBUTION OF LEUKOCYTE COUNTS DURING WEEKS 2 TO 5,
EXPOSURE GROUPS C, D AND H: PERSONS WHO WERE LIVING
TWENTY DAYS AFTER THE BOMBING (JC AND JAP )

# 2 BE S MR ARMRER OG0, WIERC, DL

=18

White Blood
Cell Count

0- 499
500- 999
1, 000-1, 999

2,000-2, 999 +ereerrerrrerirerseinns

3,000-3, 999

&, 000-4,999 conarmermneriimmmervanss
5,000-5,999 ......

H : G E20F ML LR Lic g (SREHENS Lo Adm)

5,370

Hiroshima Nagasaki

G D H c D H
3 0 i} 2 2 0
3 1 0 12 1 0
13 3 0 26 6 0
12 i 2 a0 K} 0
23 11 G 21 5 1
24 15 20 33 4 3
29 24 24 30 5 15
17 18 26 16 7 22
. @@ 83 3 34 15 53
5,010 5,870 6,366 4,447 5,408 7,961

*Source: Tables 34 and 34N, Section 9, Medical Report,®

Lenkocytes—In the case of leukocyte counts,

there are insufficient data per week to justify

considering exposure group E at this time. Pooled

weekly mean leukocyte counts for persons in expo-

sure groups C and D are shown in Figure 6, The

distribution of the leukocyte counts obtained in

weeks 2 to 5 for these groups is shown in Table 18,
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The distribution of leukocyte counts of persons in
group H (i, e,, persons who received no or insigni-
ficant amounts of radiation)is shown for comparison.
Here again, there is no simple obvious explanation
for the difference between the means in group H.
The differences between the means of groups C and
D and of the pooled groups C and D are not signi-
ficant. The differences between these means and the
means of group H are significant, The differential
counts for persons in groups C and D for the period
2 to 6 weeks after the bombing are shown in Table
19,

Erythrocyte and hemoglobin variations in patients
with the milder grades of radiation injury are best

demonstrated in terms of the cumulative percentage

WOz, HEECET2E (Thbb, ki
WOR L 7cdso Tod, SREEAVER Tledis 1239 os
ZRAMBEOHMALR LI JoBSh, HEOFE
MOMZALN2EOM BT EIES B kv, C
¥, DEKIUCLDLAT Lo MoBicd
BRI, ChH 0RO E L Ht o -
DEIAETHE, BREOF2 1DH6 /IThFT
DCHRIUDBTKIT 2 BN L Z19IZF L
126

HEE OIS 2 A4 2 B & T 2aR10Ekes X
i EFAOEE, MEIGREO RUESRO AT X
S ThbMCRLT Lt TE S, COBREHT

TABLE 19 POOLED MEAN DIFFERENTIAL COUNTS FOR PERSONS IN EXPOSURE
GROUPS C AND D, TWO TO SIX WEEKS AFTER THE BOMBING*
}I19 BEEOH2HLEEBCHITARERC I DOSTTRERMERER

Nagasaki

Hiroshima
Cell Type Absolute Absolute
Count, 2 Count, %

_E— Megnd - Mean <
Wentrophils i i 3,032 60.1 2,520 57.1
Lymphocytes ......ccecovveeicnnaces 1,669 33.1 1,647 37.3
MOBOEYLER' vrvrrsrrrmzrnsasrissssas 175 3.5 114 2.6
LT3 g 1 115 L 160 3.2 127 2.9
BaagphilE . vocn s semnrsssnnsanareas 7] 0.1 8 0.1

Total vieseorasnmaosmnoninennances B3 088  eewres 4,416 .

14

Number of Cases....oovvreaciinnaniis

*Source: Tables 40H and 40N, Section 9, Medical Report.?

FIGURE 7 Cumulative percentage distribution of hemoglobin values.
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distribution of hemoglobin concentration, The data
are shown in Figure 7, As in the case of severe
radiation injury, the values for erythrocytes and
hemoglobin concentration were lowest in the 6 to 8
weeks after bombing and then returned toward

normal,

Thrombocyte Counts and Clotting Studies. —There
was not a sufficient number of thrombocyte counts
recorded for patients with milder grades of radiation
injury to justify presenting the data, It is reasonable
to assume, however, that the thrombocytopenia in
persons of exposure groups C, Dand E was less
severe than in the more exposed patients. A good
indication of the severity of the damage to the
clotting mechanism is obtaind from a tabulation of
symptoms of hemarrhage, purpura and other hemor-
rhagic manifestations., For the sake of comparion,
data for the first five exposure groups are shown in
Table 20. Here again, there is no simple explanation
for the discrepancy in the incidence of hemorrhagic
manifestatoins in persons similarly exposed tfo
radiation in the two cities.

Relationship Between Hematological Findings and
Clinical FEvidence of Radiation Injury.—1t was
mentioned above that one of the objectives of the
Joint Commission’s study was to determine the
symptomatology of total body radiation injury in
man, It is apparent that the changes in the white
blood cell count in man are of the same order of
magnitude and show the same time trend as have

been observed in other large mammals exposed to

TABLE 20

TR L. WEHUSHRER 0BG L, ARl
SUMMEAFEEL, EREOEE6 6 S ETHTT

EHZ R L, ThabREcms - .

BEMEIGENSE  EEolMEELTa
HERFCOVTORREOTER, AMITILTS
HOT, ERAERTAISMLAEV. Lisl, il
C, DEIUVERCRET I HOMUMTRL, X DEE
IS L BB FLE Ll b B2 00 AR
TEs S, WLEECRT S0 BEE, i,
B2 X U Do i MEEIR © ST e D HI8A L
Tio D00, WMDOESDEIERIT BT 2B B4
FE20ZT Lz, CcOEESYL, FEBEOREE AT
2o MR BRI LS R AT Zcou0 T
[ (T = P

MAAFHIFT R &M RS ORI R & DR
oLk h, GEMAEFOfT - Ao N —
b bSO SHT X 5 EE OfER
wHRET A L TH- 2. & MRS 3RIMBREOE
{lbt, WEENREROBSR A ZIT o OO KT
MCABR TV LD LERETE D, FREDRHT
e R L2l Th S, MERCERS L
R CHEFBR OSSR, HERITELo - o%

2,

INCIDENCE OF PURPURA AND OTHER MANIFESTATIONS OF A

HEMORRHAGIC TENDENCY BY EXPOSURE GROUPS (JC)*

F20  EEsLUWMiEA QoMo BRE S FIRE (SR ARD
Bxposirs Hiroshima Nagasaki -
Group MNumber 2 Number b4
A R AR o S B 550 96 248 66
B 485 43 610 42
Brivass R A S SR R 227 b 387 24
| ) T T R DR e R P TN 137 8.5 23 13
| e A e e A 52 7.0 38 6

*Source: Tables 23H and 23N, Section 9, Medical Report.?
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TABLE 21 RELATIONSHIP BETWEEN SYMPTOMS AND LEUKOCYTE COUNT
BY EXPOSURE GROUPS IN WEEKS 2 TO 6 AFTER BOMBING*
=2 FERBROFE2BE6 Mk 2 EBIRROMEIR & Bk - OBIR
Hiroshima Nagasaki
" Exposure Groups Exposure Groups Exposure Groups Expasure Groups
) A and B CandD Aand B Cand D
White Blood Cell Count..... Under 3,000 Mean Under 3,000 Mean Under 3, 000 Mean Under 3,000 Mean
Specific SYmMpioms. cove .. & e B B4 wanEn B e
Epilation and purpura... 80.0 1,923 73.3 2,420 78.0 2,181 63.3 2,943
Epilation or purpura...... 62,4 2,694 29.6 t, 157 60.2 3,018 66.2 2,975
Suggestive symptoms only... 38.6 3,980 8.6 5,944 31.6 4,511 25.0 4, 006
MO SYMPLOMS . cveviirrninnens 4,791 6.0 6,268 23.1 5,148 14.5 5,839

10.6

*Source: Tables 57H and 57N, Section 6, Medical Report.?

lethal doses of ionizing radiation. As a result of
statistical analysis of symptoms recorded in the
questionnaires used, it was possible to define two
specific symptoms of radiation injury, epilation and
purpura. It was also possible to define three sugges-
tive symptoms of radiation injury, vomiting on the
day of the bombing, oropharyngeal lesions and
hemorrhagic manifestations (other than cutanecus
purpura), In general, a person with one or both of
the specific symptoms had some or all of the sugges-
tive symptoms. It is reasonable to assume that a
person with few symptoms either had received less
radiation or had a greater resistance to the effects
of it than had the person who experienced the
complete syndrome, In any case, if the symptoms
are a valid indication of the severity of the radiation
injury, there should be a close correlation between
them and the leukopenia that occurred. Such a
relationship is clearly demonstrated in Table 21.
These data are important, since they validate mutu-
ally not only the significance of the changes in the
white blood cell count but also the prescribed

symptomatology.

SUMMARY AND CONCLUSIONS

It is possible to describe the syndrome of radiation
injury in man in terms of typical clinical symptoms
and a typical blood picture, The time trend of the
syndrome is important, and the characteristic ele-
ments in the diagnosis become apparent at various

times after exposure.

39

HAEEONREMER L L TERT S LajET
Hotze ¥z, FEMAOEL, ARENREREHELSL
O (MRS RISt e) MIMEER & B i s O RIR
HIRER & L CERST 4 S L2 TEETh - 1o, —KIT

FRAEERO—H - @IE 2 E T 28, R
Ro—HEEBER LI, BERO Pl F
(3, EEEYSESICE L FIC ST R
Piehe tohy, FOEECHTAERSKE NS
EZADHNEBEHTHAH, FRZLTL, oih
ORI EOREOR REETH L L Th
(f, Fhs EBRE A oA mRm D & OB EY
B3 Th b, ACFoMOMBEAPERCED bR
Z, chbodii, EuvicBilEREE ol s
DT, BESHCERYLHEIT20T, BET

o

e

HWIERKUER

b b TRl B BB E OB, JEIRYRR R
SEdR s K ORI AR IR R D TR T S & & AVATRE
THbe. "OERFCKTIMHMERIERETH
N, BREOAMINICTOBEON NI RS MRS

‘Do



In general, the severily of the symptoms paralleled
the severity of the leukopenia. Likewise, the impor-
tant symptoms became evident at about the time the
lowest leukocyte count was observed,

The changes in the thrombocytes paralleled those
in the leukocytes., The onset and severity of a
hemorrhagic tendency followed closely the variations
in the thrombocyte count, The alteration in the red
blood cells was less consistent and less useful in
diagnosis or prognosis than was the time trend of
the leukopenia.

From the standpoint of prognosis, the Japanese
physicians stated that patients with less than 500
leukocytes per cubic millimeter were least likely to
recover, The data presented here neither support

nor deny this clinical observation,

In general, the observation quoted at the head of
this paper is borne out: “the greater the dose (of
radiation), the more profound is the blood damage,
the more rapidly it develops and the more slowly it

is repaired.”

It is apparent that knowledge of the serial varia-
tion in the leukocyte count of a victim of radiation
injury is of great clinical importance. It is doubtful
whether the other elements of the hemogram are of

comparable significance.

Tn the event of an emergency, it would be perfectly
justifiable to perform only leukocyte counts and
determinations of hemoglobin, hematocritfand protein
by the copper sulfate (CuS04) method. This would
be an economical procedure and would provide the
type of information required to evaluate individual
cases and to aid in control of therapy,

—#T, ERORE MR ORREE SRR
iCH 5. RS, EECEREIEIBRE RERL T
ToACHE L.

EROE(LIRMMOBIMTET L Tiibhi.
(T RETE D R ds L RN, B ozr(k L B
AR L. SREBROEC( LIt —F kel {, B
MR AN F1F 5 FelEIMBE AN E SIS RB I 4 5 LI
P DPRE A

FiEOERBIE, 1mm® 47 h o JillEREA 500
LT oSG EE D Raapdgd 4o & BARMOEH
GG LT\ D o oiclda Lok, - OERREL
LIS LEEL L,

AARAClL, ARG OFETCIA LB T
Tz Ticdot, RN HELY, HHEEE B
T, SECHBEL, EEL TV

SRR 2 A A WU A O BRUMER N 3547 2 ek
Mateg b Mo mRiE, REMCREAEELY L
Do EIRMLMATSH L, MEHOTOEOETACA
(EEOWEEA b 2B L.

HAQBEGIZR\ T, BIMEREE L b U RiEE
(CuS04) ST MmERE, ~~ b2V Mi
BLUBEROWEDL L EiTEENBLUTH A
9., CHREFNTLFETHILLLIIS, ks
THPOFIY X CRBIEOEEOSW L7 2 Bk

EohaThnd,

REFERENCES
2 & ¥ #

1. MINOT GR, SPURLING RG: The effect on the blood of irradiation, especially short wave length roentgen

ray therapy. Am J Med Sci 168 : 215-41, 1924

2 Medical report of the Joint Commission for the investigation of the effects of the atomic bomb in Japan.
Atomic Energy Commission classified document, 1946

3. SNELL EF, NEEL JV, ISHIBASHI K: Hematologic studies in Hiroshima and a control city 2 years after
the atomic bombing, Arch Intern Med 84 : 569-604, 1949

4, DUNLAP CE III: Effects of radiation on the blood and the hematopoietic tissues, including the spleen,



the thymus and the lymph nodes. In WARREN S: Effects of radiation on normal tissues. Arch Pathol

34 : 562-608, 1942
. BLOOM W: Histopathology of Irradiation from External and Internal Sources, National Nuclear Energy

Series IV, New York, McGraw-Hill, 1948
. WARREN S, BOWERS JT: The acute radiation syndrome in man. Ann Intern Med 32 : 207-16, 1950
The statistical analysis was carried out under the supervision of Major E. Cuyler Hammond, Air Corps,

in the Office of the Air Surgeon
. LEROY GV: The medical sequelae of the atomic bomb explosion, JAMA 134 : 1143-8, 1947

41



