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Subject: Transmittal of Rerart,

To: Colonel Stafford 1. Warren, M.C.
Chief of lledicel fection
rianhattan Bngiraer District
P.Q. Box B
Cak Ridge, Tewmn

l. Bnclossd herewith is the FINAL REPORT OF IINDINGS OF THE
MANHATTAN DISTRICT ATCMIC ECUB INVISTIGATING GRUPS AT HTROSHTMA

AND NAGASAKL. Erd. |

2B preliminery repcrt of the {indings was subaittsd in
Dgcomber 48«

3. This fioal reporh, propirsd under the general direction of the
undersigaed, counsists esscatinlly of three sscticnse. They were prg-
pared undsr the mmediote direction of the follcwing persounel:

Fart I. Prepared and written by Capt. ll. L. Bernett, li.C.
and reviewed by Lt. Col. I. L. Frisdell, :I.C. aud G. V. LeRoy, M.D.
The statistical analysis snd interpretation was done by ile Jo Wantmen
and 'De Tiedeman. We Je ventman also assisted materially in the
writing of Part I.

Fart II. Preparcd end written by Capt. J. liowland, u.C.
Bs Iltadimtion: Prsparcd and written by Capt. R. Tybout, C.E.

C. Physical Damere sindys

Part I. (Hiroshinma Prepared and vritten by lajor N.
Varley, C.E. ‘

Part Il. (Nagasski) FPrapared and wribten by Zajor W. G,
Youngs, C.E.
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4. Transletions of Japansse documents was done under the
direction of Lt. I. V. ¥unch, M.I.

(Signed) 4Henry L. Barnett
: Cap‘b-, M.C,
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Following the atomic bombings of Hiroshima on 6 August 1945,
and Nagaseki on 9 August 1945, a group of 21 ljanhattan District
officers and enlisted personnel were sent {rcm the various continental
installations to Tiniaen, ilariapnas. The group was to proceed to Japan
for the general purpose of investigating the two Japanese cities as

early os possible, if and when Japan surrendered.

The general purpose of the mission was twofold. The more com=
prehensive aspect was to observe the total effects of the atomic bombs
on the cities and the people exposed. The specific objective was to
investigate any unique effects due to radiation. An investigation
of the latter was,-at the time of the surrender, particularly impor-
tant for two reasons: . The Japenese were reporting the appearance of
"uncanny delayed effects" in persons exposed to the bombs, which seemed
unquestionably to be due to radiation; in addition, ﬁhey were stating
that-people going into the cities after the bombings were developing
similar symptoms. From the standpoint of protecting the health and
morale of occupation troops, as weil as from other considerations, it

. became imperative to determine the validity of these reports as early

¥ as possible. This was the primary purpose of the entire missiomno

The group doing the investigation consisted essentially of medical
personnel and civil and electronic engineers. Ome=half of the group
vas in Negasaki from 20 September to 6 October, and the remaining half

in Hiroshima from 3 to 7 CJctobers
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The medical study is presented herewith. The study concerning
radiocactivity (Tybout) is pressnted in section B of this report.
The investigations of physical damape to Hiroshima (Varley) and to

Nagasaki (Youngs) constitute Section C.
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The best estimantes avallable at the present time of the mumber of

casualties due to the stomic bombings of Hircoshima and Nepasaki ere:
G

Hiroshima Narasaki

Population 320,000 260,000

Dead " 78,000 36,000

Injured - a7,000 : 30,000

Total Casualties 115,000 65,000
These cesualties were primarily due to turns and mechanical ine ‘

Djuries. In t_xddi’cion, there were patients who showed a group of umisual
’ symptoms end findings which were concluded to be due to radiation.

Some of these patiente, otherwise uninjured, diede. The mortality

among 249 p‘atienta showing these effects was found te be about 16%.

Host of these deaths occurred during the fourth week after the bombings.

Estimates based on the study of a selected group of 900 patients
indicated that t9ta1 casualties occurrcd as far out as 4550 meters at
Nagasaki and 3750 meters at lliroshima. Burns extended considerably
farther than the other two aend physical injuries sgnewhat farther than
‘ the rudiation effects. The average radius of partial physical deamage

at Hiroshima was 3200 meterse

From medical findings, the ewvidence is that persons not exposed to

the bombs were not injured by radicactivity persisting in the areas.

Integrated radiation dosages were calculated from gamme i*ay in-

tencities measured aboubl &ix weeke after the bombings. These indicate
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that the highest total dosage that would have been rs,,ez.ved at Hiroshima
was betwesn 6 and 25 roentgens of gamme ray radiation, and the highest
in the lagasaki area between 30 and 110. It was elso determined that

this persistent radioactivity originated almost entirely from deposited

fission products rather than from elements mude radicactive by the neutrons.

The gemme rey intensities at the time of the explosion were calcu-

lated from measurements using X-ray films found in Hiroshima. These in=
dicate intensities of 12 roentgens at 2300 meters, as compared with a
. theéretically predicted maximum of 3 roeptgens.‘ Both of these figures
are considerably below what would have been expected from the medical

lindingse

The boméings affected over-all areas of 1B.7 square miles (including
3,0 sguare miles of river) at Hiroshima, and 42.9 square miles (including
80,5 square miles of water) at Nagasaki. Only about 9.8 square miles of
the latter was built up, however, the fs;nainder being sparsely sottledu‘
The areas most severely damaged in both cities had an average radius of
. about one mile. w«ithin tiis ares all buildings not of substantial conse
truction, particularly wooden frame and mesonry buildings, wore completely
destroyed by the blaste In other more substantial buildings, such as.
those with heavy reinforced concrete frumes, the buildinés did x:tot:_t:;t:.\l«=
lapse;lbut demaze to building ialeriors und casualties were nevertheless
severe from both blast und fires. approximately 39 per cent of 50,000

buildings in Nagastki were destroyed or seriously damaged.

F- PECLASJ%mmeﬁ:‘”i UNELASSIHm

Authorlfy

|
/’—‘-



SECTION A
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It was not internded that the medicel section make any detailed
study beyond (1) establishing the presence or absence of effects dus
to radiation; end, (2) if such offects were observed, determining
whether they were due entirely to radiation releascd aﬁ the time of
the explosions, or in pert to persistent f'adioactivityu In the course-
of the investigation, however, certain impressions were gained of the

more comprehensive effects of the bombs in producing casualties.

It was obvious that'any detalled investigation of the casualty-
producing effects of atomic bombs as used against Japan would require
at least several months study. The investigation initiated by the
{anhattan District group was therefore contimued by a joint medical
atomic bomb investigzating group, composed of medical personnel derived
from three additiosnal, independent units. The chief of these was an
Army group orgaiized under Colonel Ashley Oughterson, M.C., AUS, for
The Surgeon General. A secord was a Navy group under Commander Shields
iarren (now Captain), (HC)(S), USMR, for the U. S. Neval Technical
Uission to Japan. The last was a group of Japanesé investigators under

Dr. llasao Tsuzuki, for the Japanese zovermment.

Organi zation of the Joint Commission was canpleted and the deteiled .
work begun by the time the lLanhatten District group left Japan in October,
1945, The material collected by the Joint Commission was’ brought to
washington, D. C., during éurly Jamuary, 1946, and analysis of it was
boguns The Lanhattan District group is actively engaged in this study

at the present time. However, for the most part only data brought back
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in October wes used in the report submitted here. A. preliminary report
of the initial investigation (ippemiix I - Keport I) was submitted in
December, 1945; this is the final report. Although the study of the
Joint Commission will be far more complete from the medical standpoint,
nevertheless, tlxié report answers the specific questions concerning

radiation end persistent radiocactivity for which the mission was sent.

DECLASSIFIED

| NAD 9059

S INCLASSIFED




DECLASSIFIED
A uthor lty

—

NAD 79059

le
20
de
4,

5o

7 Flais rien
3= [INGLASSIFIED

CHAPTER I

Personnel and Procedure

Investigating group

General sample of petients studied
Mothod of collec?ion of data
Reliability

Data studied
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Chapter I, Personnel and Procedure
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l. Investipating Group

In Nagasaki the material studied was collected by four AUS
lledical Corps officers working with four young, recently gradugted
Japanese doctors and one Japanese school teacher who acted only as
an interpreter. In Hiroshima, the collection of date was done
similarly by four AUS .iledicel Corps officers with the help of )

Japanese physicians.

2e General Sanple of Patients Studied

Thé patients studied iﬁ this group were mainly hospital patients.
This group is therefore a selected onms, in that the more seriously in-
Jured would be more likely té be adnitted to hospitals. In Nagasaki
an attempt was made to include all of the hospitul patients who had
been injured by the bomb, whereas in Liroshime an attempt was made %o
restricé the selection to patients who were thought to show effects
of radiation injury. The few non-hospital patients seen in Nazasaki

were usually ambulatory and were interviewsd and examined, if possible,

whenever they were encountered and the circumstances permitted.

-3¢ ilethod of Collection of Data

Information about specific pdtients was obtained by ore or a come
bination of methods. The Tecords ul putients wno had been in the
hospitauls, but who were not thére et the time of the investigation,
either because they had died or had been discharged, were translated

end copied. ilistories were taken and physical examimstions done on

e




= 5 =
patients in the hospitals at the time of the investigation. Earlier
laboratory work vies copied from the patients® records snd laboratory
files in both types of patients; laboratory studies were done on the
latter group. Usually the AUS lledical Corps officer and the Japanese
physicien worked together in obtaining the nistories end doing the exa--
minations. Data.on a few of the pautients, particulerly the earlier
cases, were obtafned by interview with the Japanese physicians who had

taken care of the pautients.

. 4. Reliability
In judging the reliability of the date obbeined in this study,

several factors must be kept prominently in mind. In the first place,
it is apparent that all of the information on the effects of the bombs
on people of the two cities during the first 50 to 60 days is based
entirely on the observations of the Japaness. Although conclusions
from these observations can be drewn from retabulating and reanalyzing
the cases, the observations du}ing this important period are not first

. : hand. Some general opinions of the reliability of the Japanese observas
tions were formed during the periosd of the investigaticm. This judgment
can be applied.to evaluating the reliability of the earlier observations.
There was wide variation in the accuracy of the observations of the
varions groups of Japenese physicians. By general comparison with
Anerican medicel methods, it was felt that more attention is given by
Japanese physicians to the history Lhun to the physical examination.
Fortunately, howsver, the importunt findings from physical examinations,
8<%+, epilation, purpura, ulcerative stomatitis, etc., are obvious mani-

festations and undoubtedly were recorded correctly by the Japanese.
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The comment above on the Japanese methods refers more to the physical
diagnosis of such interunal diseases as heart disease, evaluation of
systemic diseases, etc., which ars of little consequence in this studye.
R rthermore, it was felt that there was a tendency even among the best
groups of Japeanese investigators to drgw definite conclusions from

" mearper datae

Other specific factors influence tha'religbility of the date.
Prominent anong these was the overwhelming load on the hospitals which
. followed the bombings, due to the tremendous rumber of casualties and
damage to hospital buildings énd personnsel., This was sufficiently
great durihg the first few days almost to preclude anything but emergency
treatment of patients. (See Appendix II - Report I for first-hand
description of arrival of Magasaki patients at Omura Neval Hnspitala)
Although this overloading undoubtedly contributed fo the difficulty in
making and recording complete exeminations, it should be emphasized

that records were kept remarkably well under the circumstences.

The completeness of this investigation was limited by the short
period of time nllowed (16 days in Nagasaeki and 6 deys in .liroshima).
It is felt that more reliance can be placed on the material collected
by the joint efforts of American and Japanese physicians after ourl
arrival, than on the material based entirely on earlier Japanese obser-
Vationss The distribution of the Nagaseki cases in this respect is

Shown in Teble.I. Distinction between sources was not recorded for the

Hiroshimh cases at the time the dats were collected.
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paBLE 1¢1)

Source of Information by lospital for Patients Studied

(Nagasaki )
Hospital Japanese Source Japanese &
Only American Sourcs

Shinkozen 15 S4
Ishahya 13 39
Omurea 204 134
Hospital Un~

recorded 1 8
TOTAL 233 236

A final word on the reliability of the data should 56 seid with
respect to the attitude of the Japanese ph}sicians. It was felt that
at no time during the period of the study did any intentional dis-
honesty or attempts to impede the investigation in any way oecﬁr. On
the contrary, the study received the gremtest cooperation fraom the

Japenese physicians, without which it would have besen very much more

difficult, if not impossible.

. The groups, studied in this report represent a highly selected
group of patients, and the findings represent those reported during the
Tirst 50 days end observations made during the following two weeks.
Therefore, they are not representative of effects on the total popula-
tion, nor do they describe the effects over the entire period from the

time the bombs were dropped.

(1): Tables not marked by esterisks suow data on group studied. All
other tables are marked by asterisks and the source of informa-
tion is given.
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S5 Data Studied

In addition to the usual medical obsesrvations, special emphasis
we 5 placed on factors pertinent to the purpcses of the investigation.
T.is reluted primerily to the distance of the subject from the explo-
s"on(l); the shielding of the subject by intervening objects, including
clothing; and the occurrence and the time of onset of symptoms dus to

radiation. (See Chapter IV-4.)

The distance frem GZ in Nag;saki was determined by use of a rec-
tangular coordimate mup on which patients interviewed pointed out
ﬁheir approximate location at the time of the explesion. From this
the distance and direction of the subject from G4 was determined.

For patients in Hiroshimu, only the distance as stated by the patient

was recordede.

Whether the patients were indoors, outdoors, or near intervening
objects, and how they were clothed was asked of patients seen. This
loformation was not availabtle for a large enourh proportion of the

patients studied to permit analysis.

Effects wanich could be due to ionizing radiation were particularly
investizated. As scon as the nature of the bombs became known to the
Japanese, and cases with opilation were obsarved, special attention was

given to the presence or asbseace of this finding. The same is true for

(1): The points on the ground which were determined te be directly under
the points of detonation in euch city (See Section C) will be re-
forred to in the Joint LHeport, as they are in the British Report,
as GZ, meaning "Ground Zero". Tais is distinguished from AZ, mean-
ing "Air Zero". For the sake of hrevity and consistency, these
designations will be used henceforth in this reporte '
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petechiae and for oropharyngeal lesions. The latter were described by
8 large variety of terms, which, in the analysis could not be differ-
entiated. Laboratory exeminations of particular interest were the

white and red blood cell counts, differentials, and platelet countso
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Description of Group Studied
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Chapter II. Description of Group Studied

lo Total Group
Data were obtained and recorded by the methods described on appro-
ximately 1600 cases at Nagasaki and 500 cases at Hiroshima. When these
records were reviewed pr;or to analysis, it became :wident that certain
of them had to be immediately rejected solely on the basis of insuffi-
'cient infornation. This applied for the most part to Nagasaki cases.
48 hus been descrited, the procedure at iagesaki was to collect data on
. all of the patients who werc, or hed been, in the hospitals, irrespective
of how little information was available on the discharpged patients. At
Hirosrima, on the other hand, pdtients for whem more complete data were
i available and who were thought to show some evidence of radiation in-
Jury were selected. Tais initial rejection of patients was done on the
follc;wing basis: Cases in which neither the distance from GZ nor the

outeome beyond two weeks after the bomb were known, were discarded. The

remaining patients were included in the study.

. The group studied comprised « total of 500 putients. Uf these, 432
Were from iiroshime and 468 from Hazmseki. The known differences in the
types and efficiencies of the two bombs, as well s differences in the
construction and the land contours in the two cities, suggested that the
two groups should not be considered homogeneous. The patients from the

two cities were thorefore considered separately.
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o Distribution by City and Sex

Of tle 432 patients at Hiroshima, 149 were females and 274 meles.
No sex wms recorded for the remaining 9 patieants. Of tThe 468 patients
studied et Nagamsaki, 319 were females and 298 were males. The city and

sex distribuﬁion is shown in Ta?la 1.

-TABLE II

Patients Studied as Grouped by City and Sex

Sex Hiroshima Nh;asaki Total

. : Female 143 170 319
: iale 274 298 572
Unrecorded 9 = 9

TOTAL 432 468 900

4. Distribution by Hospital

The hospitals in the two cities in which the greatest number of
patientslwsre studied wesre the Ujina, Red Cross and Teshin hospitals
in idiroshima, and the Omura, Shinkozen, and Ishehya hospitals in
Hagasaki. The-distribution end survival figures for patients studied

. : in these hospitals is shown in Table III; At first a study'of cases
by hospital groups was considered. . bowever, from Table III it may be
observed thut the groups bcééme'relatively small in number when broken
down by hospital. Because of these small numkers, and because of the

relatively small differences in survival results, the patients from

the three hospitals in each city were treated as a single groupo

e
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TABLE ITT

Distribution of Qutcome by Hospital

for Patients Studied

Total Dsceased Survived
No 7 %
Hiroshima Hospitels
Ujina 205 9.8% 90.2%
Teshin 89 14.6 5.4
Red Cross 135 12.6 8704
TOTAL 423 11.7 88.3
. Nagesaki Hospitals
Shinkozen 89 21.7% 78.3%
Ishahya 52 25,0 75.0
Omure _ 289 48.4 51,6
dospital Un-
recordsd 2 11,1 88.9
TOTAL 419 4063 69,7

(Outcome is unknown for 3 Hiroshima and 49 Nasasaki

patients.)

4. Distribution by Age

to 69 years; the males from 1 to 89 yeurs.

. Nagzeseki patients ranged in age from 1 to 69 years.
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Table IV gives the distribution of age by sex for both Hiroshima

and Nagasaki petients. The Lirosi:ima females ranged in age from 10

Both male and female

s UNCLASSITED




% R

3 . SR NCLASSIRIED

TABLE IV

Distribution of Age by City and Sex
for Patients Studied

Age in Y@z}ﬁ Females lales Total

B

Hiroshima Hospitals

80-89 0 i 1
70-79 0 i 1
680-69 T 7 . 14
50-59 - 19 18 57
4049 29 o8 65
30=-39 | 28 56 < 84
20=29 34 115 149
10-19 30 31 61
0~-9 0 4 4
. Age Unrecorded Fg: 5 A
TOTAL 149 273 422
Nacasaki Hospitels
80-89 0 0 0
70=T8 0 0 0
60=69 4 10 14
50-59 11 13 24
40-49 14 " ee 40
30-39 14 62 76
20-29 42 67 - 1gs
1019 78 110 188
0«9 . 6 7 13
Age Unrecorded sl 3 pou 1
' TOTAL 170 298 468

(Both age and sex were unrecorded for ¢ persons in

Hiroshimeo)

In the study of the medical fiudiugs, one of the factors which
was controlled was age. At no point, however, did apge seem to be

Pertinent,

In addition to these, it was planned when the analysis was begun

to amalyze the findings by military or civilian status and by direction
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from GZ. Division of the groups by the former wes not done because
of insufficient information. Direction from GZ was known only for
llagasaki patients. In this zroup even though there were some sugges=
tive trends, very little consideration could be given to them because

of the muny unknown factors involved.
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1. Casuslty Estimetss

dany eys-witness accounts of the bombings of Hiroshima and
Nagasaki have bsen written. (See Appendix II, Reports I and Iil.)
The extensive destruction of civic installstions (hospitals, fire
and police depurtments, govermment agencies) and the state of utter
confﬂsicn imnediutely following the explosious, as deseribed in these
reports, attest to the inherent difficulties in making estimates of
casualties. In addition, the Japanese do not have registration laws

and the peripdic censuses are not complete. Finelly, the great fires

. that raged in each city totally consumed many bodies.

¢

As Total Casualties

The mumber of total casualties have been estimsted at warious
times since the bombingzs with wide discrepancies. A% the time of the
departure oif the .lanhattan District group, the first week in October,

the most generally accepted figures were those given in Table V below.

TABLE V#
. Estiﬁates of Casualties(l)

Hiroshima Nagasaki
Pre-raid population 380,000 260,000
Dead 66,000 23,359
siissing 10,000 _ 1,927
TOTAL DEAD OR [IISSING 76,000 25,286
Injured 58,000 40,993
TOTAL CASUALTIES 134,000 66,279

*Hiroshima Source: Officiel Japanese News Report.,
Napaseki Source: Nagesaki Prefecture,

(1): An extensive study of casualties conducted by the Joint Commission
is being completed and will be presented in the Joint Report. In general
it will indicate that the dead in Hiroshima were preater by perhaps 20%
than the 66,000 reported. Additional incompletely analyzed data indicates
that in Nagasaki the number dead should be as much as 50% greater than the
25,359 reported on 1 September. )
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(1)s Relution to distunce

The relution of totul cusualties to distance frem GZ is of
primary importunce in evauluating the casualty-producing effects of
the bumbse wsstinates oi tihls relutionship for the total population

of Nagusaki are shown in Table VI.

TABLE VI*

kelation of Total Casualties ‘to Distance from Gd(l)

Calculated No.
Killed per

Dintuntce from G Bmber . Mumbsr:  Ihgber Total Unit {0=500 Mo)
. G4 (ieters) Killed Injured sissing Casualties Area
0 - 500 7,505 960 1,127 9,592 7,505
500 = 1000 3,688 1,478 1,799 6,965 1,229
1000 = 1500 8,678 17,137 3,597 29,412 1,736
1500 - 2000 221 11,958 28 12,207 32
2000 = 3000 112 9,460 17 9,539 8
TOTAL 20,204 40,993 6,568 67,765

* Source: Napgmsaki Uunicipality (20 Auzust 1945).

(1): No figures for total pre-raid population at these different
distances were available. These would be necessary to c.mpute per-
cent mortality. A caleculation given in the British KReport{2) and

’ based on a preliminary analysis of the forementioned study of the
Joint Commission (p. 17), gives the following calculated values for
percaent mortality at increasing distences from GZ:

Distance from G& Percent
(leat) ifortality
0 - 1000 93,0%
1000 = 2000 920
2000 = 3000 86,0
3000 = 4000 69.0
4000 = 5000 49.0
5000 = 6000 315
6000 = 7000 12.5
T000 = BOOO 1.3
8000 = 3000 Q.5
9000 =10000 0.

(2): Report of the British Lissi.a to Jupuu on an investigation of
the effects of the atomic bombs dropped at lliroshima and Nagaseki.
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(2) Couse

It seems highly érobable from the various reports that the
greatest total number of deuths wefe those occurring immediately
after the boabings. The cuuse of these can only be surmised, and,
as so aptly gtuted in the British Report, those nezr the center were
probably "killed as it were several times over, by each casualty-
producing agent separétely". It is the general impression thut the
proper order of importance for possible causes of death in this
group iss Burns, mechanical injury, and blast. . Barly estimates by -

the Japanese are shown in Tuble VII.

TABLE VII*

Gause of Immediate Deaths

City Cause of Injury Number of Ceses Percent

Hiroshima Burns e 680.%
Falling Debris = 30,
Other F <2 10,

Nagasaki Burns s 101 95.4%
Falling Debris 10 e
Flying glass (cuts) 8 Te
Other _ 8 T

* Source: Keport of Japanese Army iledical Comnittee

B. Casualties among Patients Surviving Immediately after the Explosions

More information is available conceraing the number and distri-
bution of casualties surviving imnediately after the explosions.

Teble VIII shows total figures from various hospitalse
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TABLE VIII*

Mumber and Distribution of Casualtises

No. of Known Known utcome

Place Patients Dend Alive Unknovn (discharged)
Treated Trested Noe . % Ne % Mo %
Nagasaki
Omare Haval

Hospe 758 156 20.4% 158 20.8% 445 658.Th
Ishahya iavel

Hospe 689 239  34.7 74 10,7 376 54.6
Hiroshima '
Ono Hospital 1,231 484 39.3% 151 12.3% 596 48.4%

# Source: Interviews with hospital officials.

The percent dead in Table VIII are minimum figures for patients
surviving immediately after tﬁa explosions, who sought medical care.
They refer to total casualties without regard to distance from GZ.

(1).

Table IX presents mortality results in relation to distance from

Relation to Distance .

’

G4z for the small select sample studied by us.

TABLE IX

Relation of Distance from GZ to Percent ifortality in Patients Studied

Distance from GZ Hiroshima Nagasaki %

(Kiie ) Total Deceased Total Deceased

N. N. % Ne Ne %
0.25 - 0.74 18 2 11.% 12, & 2b.%
VT8 = 1.24 148 26 18. 98 19 19.
1,256 = 1.74 102 10 10. S0 14 16.
1.75 = 2.24 82 1 1. 30 153 43,
225 = 2.74 g - = 14 - -
2.70 = 3.24 4 - - 12 1 1.
325 = 3.74 = - - (f - =
5.75 = 4.24 j 3 = = 5 = =
TOTAL 371 39 10.5% 268 50 18.T%
e ALALD [0 FREF UNCLASSIFIED
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- - ~SECRER  JIun) fec

The time of occurrence of deaths of patients who survived im-

(2). Relation to Time

mediately aftor the explosions is shown in'Figure l. It can be seen
that there is a marked preponderence of deaths during the fourth week
at Hiroshime. At Hagasaki, on the other huﬁh, by far the greutest
number of deaths in any single week occurred during the first week.
This figure shows the difference in the method of sampling in the two
cities probably better than any other analysis presented. The most
. pleusible explunation for the difference is that, as previously des-
¢ cribed, an attenpt was made at Hiroshima to select patients showing
signs of radiation injury, whereas all hospitalized iHagasaki patients
were included(1), From this, it can be inferred that the greatest
mumber of deaths in patients showing recognizable effects of radiation
Qccurred during the fourth week. For the total hospital population, on
the other hand, the greutest number of deaths occurred during the

first weeks.

. (3). Cause °

The main ceuses of death among putients surviving immediately
aftor the explosions are burns, mechanical injuries, and radiation.
The greatest percentage of deaths among hospital patients was during

the first week, as shown in Figure l. lleny of these were known to be

due to burns, and fewer to mechanical injurie2., The recognizable

(1): This explanation for the difference in time of death among patients
who survived immediately after the explosion, is far more likely than
any based upon actual differences between the two citiese.
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effects due to radiation rurely occurred during the first week (see

Chupter III-4), so that the proper order of importance would appear

to be that given(l);

The proportion of total deaths (both immedieste and later) due to
the various causes cannot be determined from this study of selected

patients.

(1): Any estimate of what part rediation may have contributed to the
imaediste deaths or to deaths occurring before the recognizable ef-
fects appeared, ure on the basis of speculation, and should be inter-

preted as suche
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Ao Descrigtion

Two types of hurns wero observed. These are gencrally differen-

tiated es fleme or fire burns and so=called flash burns. The early

appearance of the former type as reported by the Japaaese, and the
later appearance as observed, vas not unusual. The flash burns, on

the other hand, presented several interesting features. ilarked red-
ness of the affected skin areas appeared aimost immediately, accord-
‘ing to the Japanese, wilh progressive changes in the skin taking place
over & period of a few hougs. wnen seen atter bV days, the most dise
tinctive festure of these burns was their sharp limitation to exposed
skin areas facing the center of the explosion. lor instance, a patient
wiio hud been walking in a direction at right angles to a line drawn
between Iitim and the csnﬁor of the explosion, and whose arms were swing-
ing, might have burne only on the outside of the arm nearest the center,

{ and the inside of the other arm. Pletes I end Il show examples of this

. t‘y’pe Of burno

For the most part, any type of snielding protected the skin against
such burns, although burns through one, and very occasionally more
laysrs of clothing did occur in putients near the center. In such

cases, it was not umisual to find burns through black, but not through

white clothing, in ths sume patient. Lllash burnse also tended to in-
volve areus where the clothes were tipghtly drawn over the skin, such

as the eglbows and shoulderse.
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PLATES I-I1.
“‘ FLASH BURNS

Japanese pictures of patients showing characteristic
distribution of so-called flash burns during the early healing
stage. Note the sharp borders of the burns and their limitation

to exposed skin surfaces facing the center. This is particularly
striking in Plute I.

(See Text: Chap.lIl-2)
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PLATE 11. FLASH BURKS
(SEE TEXT I1I-2)
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The degreo nnd extent of burns in the 900 cuses studied were not

i

revealing becmuse of insufficient dats. The incidence of the various
degrees of flash burns in hospital pﬁtients, howsver, is of interest
and some estimates are availlable irum Jgpanesq reperts. Of 208 burned
patients adnitted to'&m;ra Weval hospitul, Nagasaxi, for instance, 29
were classified as lst degree, 148 as 2nd degree and 31 as 3rd degres.
(See Appendix II, Report II.) The appearance of the turns as observed
during healing would tend to confirm the fact that the majority of the

. Tlash burns were 2nd degree, although it is felt that 3rd degree pure

flash burns were unlikely or very infrequent.

The appeurance d¢f both types of burns when seen éuring the heal-
ing stage was characterized by several other features. Although un-
doubtedly almost all of the incompletely healed bturns showed some signs
of infection, their generul appearance was unusually good, when consi-
dere& in the light of the unbelievably poor circumstances under which
they had to be treuted. There were frequently, however, large amounts

. of keloid formation wihich would sugsest general secondary infection.
A further rather striking feature of the healing flash burns was the
aimost constunt presence of some degree of skin pigmentation, occasion-

elly with an adjacent area of depigmentution.

B. Incidence and Relation to wortality

The comparative incidence of the two types of burns in the 900
cases studied could not be determined. The decision usually could not

be made in patients whose findinzs were known only from records and
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this constituted a large encugh nunbter that the differentiation was not
significant. Ustimutes of this by the Japunsse in petients reaching the
hospitals vary considerubly, tut it was the general opinion that most

of the burns were flash buras. (wse appendix LI, Report I, which states
that 197 of 208 burned puticats udmitted to Umura Iaval ilospital,

Nagusakl, hud flash burns.)
Table A shows the incidence of burans in the group studied.

T.FIB.LIH ( l )

Incidence of Burns in Patients Studied

Total Patients Patients with Burns

City = Sex Ne No 1 %

P ki F 140 27 19.%
H M 269 110 “le
N ¥ 99 34 34,
It M - 138 84 62

It can be seen.from Table X that 19% of 140 femeles and 41% of
269 males at itiroshima hud burns. Corresponding figures for Napgasaki
reveal 347 of 99 females and 62% of 156 males having turns. Since no
selection of the type of hospital patients wus made in the Nagusaki
group, the latter figures ure probubly better estimates of the inci-

dence of burns in all hospital putients.

(1): In this end in several of the following Tables it will be noted
that the number of putients considered varies and is less than the
total number included in the study. The reason for this is that in the
study of inter-correlations, only patients for whom there was definite
information as to whether each of the symptoms studied was present or

- absent were included.

——
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The Japahese report the incidence of burns in patients surviving
more than a fsw hours after the explosiong, and seeking medical etten-
tion, «s high as 95%. (Seec Appendix II, Report I.) As mentioned, the
Japanese aléo report that the majority of the burns were 2nd degree.
It seems apparent, therefore, that a large proportion of the medical
and hospital care required during the early period after the bumbing

was reluted to the care and trsatment of burns.

The total mortality due to burns alone cannot be estimated with
. any degree of accuracy. A8 discussed above, it is believed that the
majority of all of the deaths occurred immediautely, and how many of
these were due to burns is unknown. ULstimates es high as 75% have
been made by the Japanese, and most of the revorts attribﬂte over 50

of the deaths to burns.

The relationship between burns and death in the groups studied is

shown in Table Al.

@ TABLE X1 - ,

Relation Between Burns and Death in Patients Studied

Survivors Deceased

Survivors Deceased Showing Showing
City Sex N. N. Symptom Sympton X2 B
H 2 128 16 19.5% 25.% 007 .79
H M 249 20 s Ld o 30, 68 .41
N F 97 43 5. T 19.33 (.01
N

17 147 99 654 92, 21,85 ¢.01

DECLASSIFIED )
Authorityw |

UNCLASSIFIED




This shows thut for Hiroshima femeles, 19% of 128 survivors and 250

of 16 deceased had burns. For Hiroshima males, 42% of 249 survivors

end 30% of 20 deceased had burns. This does not indicate a significant(l)
relation between burns and death in the idiroshima patients, but it. must
be kept in mind that o selection of' patients showing sympbtoms of radip-
tion diseuse was attempted there, which excluded many patients with
burns. At Nagasaki, on the other hand, 37% of 97 female survivors

and 79% of 43 ;‘e:nula deceased had burns end 65% of 147 male surviv;:rs

as compared with 92% of 99 male deceased had burms. This indicates a

. highly significant relation between burns and deaths

C+ Relation to Distance

That a relution exists between the occurrence of bturns and the
distance from the center of the explosion is mentioned in most Japanése
reperts. They state that the closer to GZ, the greater the proportion
of people burned. Althoupgh this would certainly uppéar at first glance
to be remsonable, there are several factors wlich would tend to ate
tenuate the relutionship as observed in this study. It required much
less shielding to protect aguinst flash burns than against any other

casualty-producing agent. Although unprotected persons very close to

(1): The differences between the percents showing the symptoms for
survivors and deceased were tested stutistically. This was usually done
by the chi square technique. The cunveational levels for significance
have been adopted: .
Py .05 Not significant
001l P< .0b Sipiificant
Pg .01 nignly significant
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G4 undoubtedly all received flash burns, & large numbe; of such
persons were in the groups killed outright, and would therefore not
be included in studies of persongé surviving immediately after the
explosions. Finelly, at greater distances, wgere the turns would be
expected fo be less severe, mauny people receiving such burns probubly
did not get to-the hospitals. For the groups studied, the relation-
ship between the presence of burns and the distance from GZ is shown

in Table XIl.

TABLS X1

Relation betwsen Qccufrence of Burns and Distance from GZ
in Patients Studied

Symptom Symptom Symptom Symptom Point Bi-

Total Absent Present Absent Present Stendard serial Cor

City Sex Ne e de i Distence I Distance Deviation relstion

(Kmse ) (Km. )
i B 130 108 22 1.48 1.38 5,69 =07
H M 237 147 90 1.356 1,48 531 «12
W P 3112 66 45 1.32 1.49 6.61 o182
N

i 15% 58 * 99 L.31 1.67 T.72 °22

This relationship has been expressed in the column headed Point Bi-
. serial Correlation(l). These correlation results are not in the ex-
pected direction. Thus, it is evident that the selection factor is

operating.

a

(1): The point bisernl correlations were computed by means of the
Pearson product-moment correlation formula with one of the two variables
dichotonized, viz, presence or absence of symptom. A negative result
would indicate thut the farther away from G4 the individual was located,
the less likely he was to have the symptom. In order to be considered
significant, correlations would have to be greater than -=.20, when
based on samples of less than 200 cases. ¢
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It is of paramount interest, lLiowoever, to miow the maximum distance

from G4 at wnich burns were observed(). The mmber of patients with -
burns and their distance from GZ is shown in Figure Z. This figure
indic;tas that there it a marked difference between the fwo cities
although this might be due in part to the diff;erence in methods of se=
lection of patients. It can be estimated tha.ﬁ patienta with burns

at Hiroshima were all less than 2250 meters from the center at the
time of the bombing. At Nagasaki, patients. with burns were observed
out to *.che remarkable d.iatance of 4250 meters. Burning of physic;al

. objects was observed out to 27C0 meters at Hiroshima, as described in

Section Co

The types of physical agents causing the burns will be discussed

in Chapter IV-1l,

D. Smnarx

Two types of burns, fire or flume and so-called flash, were obe
‘served in patients injured by the atomic bombs. They were of all
. degrees of severity and probably accounted for the ma jority of the

injuries and deaths. It is estimated from this study that they ex-

(1): The reliability of these observations is limited by the method
of obtaining the information, as previously discussed. The findings
reported here will be checked by those in the Joint Report in which

the verbal accounts of the distances of pantients from G4 was in many
cases checked by going with the subject to the location specified.
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tonded out to 2250 meters at Hiroshima and 4250 meters ut Nagasalki.

W‘

Protectior appeared to be given i‘ro:n. flash burns by slnost any inter-
vening ob. ect. A large proportion of the medical and hospital care
required .uring the early periods after the bombings was related to

tk.lB\ care .nd treabment of burnse.
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3. Mechanical Injuries

Ao Descriétion

The mechanical injuries included fractures, lacerations, contusions,
ebrusions, and other efiects to be expected from crumbling walls, fly=-
ing debris and glass, and other indirect blust effects. The appearance

of these various types of mechanical injuries was not remarkable.

The direct blust effects dcserve-scme mention. Leny of the Jupanese
reports describe immedimte effects such as rupbtured abdomens with pro-
truding intestines and protruding eyes. No estimate of the number of
immediate deaths or early symptoms due to direct blast can be mads.

It is quite certein, however, thut very few ruptuqed gar drums occurred,
and it is the general feeling thet the direct blast effects were not ‘

great.

B. Incidence
The incidence of mechanical injuries recorded in the group studied
. is shown in Table AIII,
TABLlM XIII

Incidence of !lechanical Injuries in Groups Studied

Females Males,

(Total N. = 140) (Total N. - 269)
Hiroshima Patients with Injuries '

No % . %
Mechanical Injury(l) ) 30 100 578
Nagasaki (Total N. = 99) (Total N. = 136)
Lacerations 58 58% 64 4%
Contusions 38 38, 44 320
Fractures 6 Ge 5] 4.

(1): The different types of wecus aicul injuries could not be determined
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No estimutes ars available for the total incidence or proportions
of different types of mechanical injuries for the total populations,

or surviving groupse.

Co Relation to iortality

The relationship between mechenical injuries as ropresented by

lacerations, and death in the groups studied is shown in Table XIV.

TABLE XIV

Relationship between liechanical Injuries (lacerations) and
Death in Patients Studied

Survivors Deceased
Showing Showing
Survivors Deceased Symptoms Symptoms

City Sex N. N. % % X8 . P
" F 128 16 30.% 38.% P LR
a I 249 20 O 35, 00 <99
N F 97 24 61, 62, .01 94
N i 145 29 5l. 83. 8.64 «01

It can be seen from Table XIV that no significant association bet-
ween the presence of lacerations and death existed except in the case
. of the Nagasaki males. Even though this P value is at the highly sig-.
| nificant level, the P values for the other groups are so high that one
is forced to minimize the importance of this result. The rejection
of patients having lacerations but not showing radiation symptoms in
the Hiroshima group would influence this finding, as would the overall
selection of all the groups. There are no Japanese estimates aveile

able on the relation of mechanical injuries to deaths of the total ex-

posed populations or of the survivers.
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De Eelation to Distance

The associution between the occurrence of mechaniocal injuries as
manifested by lacerations, and the distance from GZ is shown in

Table AV.

TABLE XV

Association Between Occurrence of ilechanioal Injuries and Distance
from GZ in Patients Studied

Symptoms Symptoms Symptoms - Symptoms Point Bi-
Total Absent Present Absent Present Standard serial Cor
City Sex No M. Ve i Distance I Distance Devietion relation
‘l'y (Em. ) (Em. )
H P 1350 92 38 1.54 - 1.26 5.69 =eld
H i) 237 153 84 1.52 1.19 5.31 =028
N F 115 44 i 1.49 1.34 7.04 woell
N M 158 73 85 1.66 lo41 ToG1 =17

/

The fact that all fuur correlations are nerative and that two of
them can be considered significant indicates that even in this selected
sanple, the incidence of mechanical injuries varies inversely with

distanco.

Figure 3 shows the number of people with lacerations end their dis-
.‘l' |
tance from GZ. Although not as marked as with burns, it can be seen
that thers is a difference between the two cities. It cen be estimated
that patients with lacerations at Hiroshima were less than 3250 meters

from G4, whereas at Nagasaki they were out to 3750 meters.

Be Summary
Without doubt, mechanical injuries accounted for a large mumber of

immedinte deaths, as well as deaths anong the people surviviﬁg immediately
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-after the explosions. No estimates of the mumber of these are
available, The incidence varied inversely with distonce. Lace=
rations extended out further at Nagaseki than ut Hirosnima,
although the difference between the two cities and the total

distances were less than for burns.
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4o, Radiation Injuries

A. Description of Symptoms

Although fewer in mumber than theé casunlties due to burns and
mechanieal injuries, the symptoms of.graatsst general medical ine

terest, and of pertiouler interest to the members of this investi-

gating group, were those due to ionizing radiation(1).

According to ths Jupanese observeitions, the eurly symptoms in

this'groﬁp of putisnts closely resembled the symptoms observed in

. patients receiving inbtensive roenti;en‘therapy, a8 woll as Those cb=
served in experimental animels reoceiving large doses of A-rays. The
important symptoms and findings reported by the Japanese and observed
by us were epilation, purpura and other hemorrhagic manifestations,
oropharyngeal lesions, vomiting, diarrhea and fever. Associated
with these symptoms, certain important laborutor& examinutions were

reported by the Japansse and examples of these were also observed.

(1); The proper designation of tile type of injuwry is somewhat diffi-

‘ cult. Frobably the two most direct desigmations are radiatidn injury

g and gamua ray injury. The foraer is not entirely suitable in that it .

does not define the type of rudiation as ionizing and allows possible
confusion with other types of radiation (e.g., infraered). The obe
Jeation to the latter is that it liwits the ionizing radiation to
gamma rays, wiich were undoubtedly the most important; but the possible |
contribution of neutrons and even bete rays to the biological effects G ?
cannot be enmtirely ignored. kadistion injury has the advantage of s
custan, since it is generally understood in medicine to refer to X-ray
effects as distinsuished from the =ffects of actinic radietion. Acge
cordingly, radiation injury will be used in this report to mean injury
due only to jonizing rudiation. This designation will also be used in

:hé Joint keport, although gemna ray injury is used in the British
teport.
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As might be expected, every pradation of severity was observed, de-

peﬁding primarily on ehielding from the ionizing radiation either by
air (distance from bomb) or by intervening objeots. The description
ef these symptoms snd findinzs and a study of the factors responsible
for varistions in - severity is the mein subject of this seéﬁion of the

atudy.

ﬁpila%ion was one of the most spectacular nﬁd obvious Tindings.
The aprearance of the epilating patient ﬁaa typical. (Plates III -
VIII) The crown was involved more ghun the sidés, and in many ins-
tances the rgsemblance to a monk's tonsure was striking. In extrems
cases the hair was totally lost. In some cases ragrowth.of hair had
begun by the time we saw the patients 50 days after the bombings.
Curiously, epilation af hair.othar than that of the scalp, was extremely

umsuale

Petechimne and other hemoérhagie nanifestutions were also atriking
findings. Blseding bégan usunlly fron the gums and in the more seriouse
. lly aftected was soon evident fram every possible source. Petechise and
purpura appeared on the limbs and on pressure points. (Plates IX - XI,)
large ecchymoaas devélopad about needle punctures and wounds partially
healed broke down and bled freely. Ketinaul hemorrhapges occurred in
many of the patients. (See Appendix.x, keport II.) The bleeding time
and the coagulation time was prolonged. The platelets were characterig-

tically reduced in mumbers.

o =T INGLSSIE

Authority :




PLATES III-VILI

EPILATION

Pebients at Hiroshime and Nagesakl showing varying
degrees of epilation. Note that epilation is almost ex-
clusively limited to the hair of the scalp.

-(bee Text: Chap.liledA)
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PLATE IV, EPILATION
(SEE TEXT I1I-lA)
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‘ PLATE V. EPILATION
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ATE VI. EPILATION
®E TEXT I1I-LA)

~
2]
e
3
=

UNCLASSIFIED

e e )
DECLASSIFIED

AALD 7p0sq

| Authority

L it



|

DECLASSIFIED
Authority &Mﬂ%

EPILATION

T I11-Ya)

UNCLASSIED



PLATE VII1I. EPILATION
(sER TEXT I11-bA)

UNELASSIFED

T e
DECLASSIFIED

| Authority M



Pl TS IX=XKI

PETECUIAE

Three patients (one at autopsy) showing
ganeralized petechiae.

(See Text; Chap.IlI=4A)
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(SEE TEXT I1I-La)
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Nausse and voniting appearing within a few Méd?@-éwwnthe foxe

plosions was reported rether freguently by the Japanese. This usually
had subsided by the<fcllowing morning, although ocoasionslly it oon;
tinued for two to Lhree days. §0ﬂiti¥g wus not infrequently reported
and observed during the cou;sa of the later symptoms, although at

these times it generally appeared to bs related to other manifestations

of systemic reaction agscciated with infection,

Disrrhea of varying degress of severity was reported and observed.
In the more severs cases, it was frequently bloody. ¥or reasons which

are not at all cleur, the diarrhea in sume instunces was very persise

tente.

lesions of the gums, the orul mucous membrenes, and the throat
were observed. The affected aress beceme deen red, then violacious
in color; and in many instances ulceration and necrosis followed.
These lesions differed in ne way from the familier lesions of agranue
locytie angine. Blood counts done and recorded by the Jaupsnese, as
well as counts done by the Manhattén District group on such patients
regularly showsd a leucopenia. In extreme cases the white biood cell
ooupt was below 1,000. In associution with the lsucopenia and the
oropharyngesal leaions; a variety of other infective péocaaaea were
seen. ounds and burns which were healing sdequately suppurated and
serious neorosis occurrad. Dscubiius uloers became more severa and
more extensive. st the seme time, similar ulcerutions were observed
in the larynx, the bowel and in females, the genitalia. Fever-usﬁally

accompanied these lesions.
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Effaects on the reproductive system were reportede

RS

These were
menifested for the most part by amencrrhea and interruption of

pregnanciess . (See Chapter ILI-4G).

B. Incidence of Symptoms end Inter-relutionship

The above wers thoe prominent symptoms, findings and labor;tory
data reported to us by thé Japanase, and, except for the initial nauses
end voniting, observed by the lanhetion District group. An attempt
wes made to determine the releation oi these to one another, to the
time of onset; to the distance from the center, andrto outcome of
patients, in order to desoribe the chronolegy of this type of injury

and to evaluate the protective effect of shielding.

The percentuge incidence of the symptoms observed and recorded

in the groups of patients studied arc listed 1n Table AVI.

TABLE XVI

Percentage Incidence of Selected Signe and Symptoms in 644
Patients Studied

Hiroahims Napasaki
. Percent liaving Symptom Percent Having Symptem
Females Males Femnles Hales

Nausea 51 t% : o4 o% 1?.% 4 t%
Vomlting = : 8o Q
Diarrhea 59. 39. 42- 49.
Bloody stools - - 10. 12,
kpilation 264 86, 35 18.
Petechiae 56, 98 18, 13,
Paver ' v - 65. 66.
Oropharyngeal ;

lesions 35, 25, 35. a7,
TOTAL N. 140 269 99 138
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Inter-relutionships betwoen these symptons wers HoOL sIghi'rieant
in the selected group studied. It wes not poseible, therefore, to

define symptom categories on the basis of this study.

Ce Helation to Timse of Onset

The week of onset, without regard to distance from cz(1), of
epilation in 57 patients, petechime in 35, and pharyngitis in 57 is
showvn in Figure 4. Those deta refer to Nagasaki patients only. This
information was not avallable for patisnts at Hiroshima. The onset
of pharyngitis is essumed to follow iz a general way the onset of
leucopenisa, althouéh the relationship between the two cannot be consi-
dered to be as close as that between thrombooytopenia and petechiae.
Figure 4 shows & dofinite peak far the time of onsst of epilation
during the g§econd week, with & munber of cases beginning, however,
as eariy as the first and as late as the fifth week. The week af ocn=
set of petechine and pharyngitis ranged from the first to the eixth
week. With both of these aymptans a definite peak oceurred during

the fourth weelk,

(1): It would be of great value to be able to relute such factors as
this to equivalent radiation deosage by considering the amount of shield-
ing by air (distance) and other intervening materials. The amall rumber
of patients and lack of information dces not allow this in this study.
In this particular unalysis of the time of omset of radiation symptons,
it is true also thet any variation in time of onset of any one. symptom
dependent entirely on dosage would be negligibly small, compared with
variation in time of onset of differsnt symptoms. The latter is what
theee ligures are intended to desoribe. :
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The time cf onset of other sympioms which need ™ o" hagh 3

‘with these selected symptoms for & chromological description ef the

disease state observed, is shown in Fipure 5. From this it can be
seen that a pesk for the time of onset of diarrhea cccurred in the
first week. Aifter an initial drop, there is a fairly well sustained
curve with no definite trend throughout the six weeks-. The ourve for
bloody diarrhee shows no particuler trend. The time of onset of fever
shovis a définite peak during the first week, with a second peak in the
fourth weeks It should be noted that the latter coincides with the

. peak observed in Figure 4 for pharyngitiso

Do Relation to Distance

The relation of these symptoms end findings to distance f‘rcﬁ GZ
is showrf in Table KVII; It can be seen that epilation, petechirs,
hemorrhage ather than petechine, bloody stools, vomiting, diarrhea
and amenorrhea are negutively related to distence in all fuui‘ groups
of patients. The results are sighificant for the lirosiiima cases for
the first four of the six findings, i.0¢, for epiletion, petechiae,

other hemorrhage, and vomiting.

Although significent inter-relationships between these symptome
~ were not found, the significant relati.onshipa betwean them and distance
is sugpestive svidence, at least, that this group of symptans were

directly related to the bomb.

The maximum distences from GZ of patients having epilation and

petechine are shown in Figures 6 and 7. Jrom these, it can be seen
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TABLE XVII-

Relation of Symptoms to Distance in Patients Studied

Symptom  Symptom Symptom Symptom Point
Total Absent Present Absent Prosent Stenderd Biserial
City Sex He Heo He " I Distance i Distance Deviation Corrslation
(Kme) (Km. ..

H ¥ B3 | 96 36 1,67 1,15 5,69 =083
H M 238 183 85 1.58 1.11 5032 =odl
N F 102 64 38 1.41 1.40 6.81 =01
N o 141 115 26 1.61 1.32 T+ 93 =eld
H F 155 85 78 1.59 1.556 5.66 - wall
B M 240 146 04 1.52 1.20 5,31 -a29
N F 100 81 19 1.44 l.24 6.84 =012
N of 14} 119 22 1.59 1.42 790 =508
i ¥ 53 4d g 1.19 «86 3.66 o B4
H M 43 38 7 1.24 o87 4.68 =29
N ¥ 87 89 18 1.47 L.186 6435 =e20
:f M 15¢ 107 a7 1.63 1,33 170 o1l
H ¥ 82 24 28 151 <98 e 3,73 -odd
H s 40 30 10 1.31 -86 4.79 =odl
N F 2l 6 15 1.58 1.29 4.61 =029
N 2 15 2 13 1.40 1.22 5046 =oil
H F 133 84 49 1.68 Le23 5.66 . =30
H M 239 143 28 1,41 1.37 5.31 =04
N ¥ 100 68 44 1,49 1.31 6.86 e 13
B ¥ 142 71 71 1.68 1.47 8.00 =o12
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TABLi XVII (ocont'd)

Symptom  Symptom Symptom ‘Bympton Point
. Total Absent Present Absent Present Standerd Biserial
City Sex o N. No M Distance i Distance Deviation Correlation
(Kmo ) (kme)
H ¥ 45 32 13 1.1l 1,086 380 =008
H F 85 47 58 1.48 1o44 6.80. ~o03
H P 130 81 49 1.43 1.48 5.69 «04
H 4 258 172 66 1.42 1.32 5.32 =408
B F 101 75 26 1.36 1.55 6.83 012
] M 141 111 30 1.61 1.46 7.28 .08
H F 133 66 67 1.58 1.32 5066 =23
H bl 240 s 129 1.55 1.28 5.3L =028
N B T0 21 49 1.77 1.40 6,91 =o24
| i 92 20 T2 1,36 1.47 6.65 «07
=
£
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taet there wae no definite difference between the two cities or bet-
veen the two symptons. It can be estimated that cuses of epilation
entended out to 3760 meters at Nugusarxi and to 2760 meters at diroshima.

“uses of petechiae extended wut to 3250 meters at both cities.

i Relation to G:u.tr_:a:f:'a‘

The relationship between the oocurrence of these symptoms and
leath is shown in Tuble Als (pp. 65 mnd 66)s It can be seen that

petechiae and other hrmorrhage are 'E;nif‘io&nﬁlz reluted to death in

. both cities end in sadi ition that epilation is significantly related to
fleath in Hiroshime fziales and Nagaselki males. Diarrhes, oropharyngeal

lesions, and fever were significantly related to death in irreguler

groups. These irregularities cannot be explained.

Table XX shows the mortality among hospital patients with radiation

1n;jury(1), j.n_ralution to distance.

TABLE XX
Relation of Distance to Percent Deaths imong Patients
. Showing Kadiation Effects.
liiroshime Nusasakt
Distance {rom G2 Putionts with Patieunts with
K, Rediation Injury Deaths Kediation Injury Deaths
| s T ~% T. ,
026 = T4 9 L1.0% ) 20.0%
276 = 1.24 1085 219 27 33-0
1425 » 1.74 a8 184 ox -
1.76 = 2.24 19 - 22 8.3
2025 o 20?4 s ] 3 e
2:75 = 3.24 o ; - 2 -
326 = 3,74 - " 1 &
QeTH = 4,24 ___]_,_ - - -
TOTAL 178 17.4% T 15.5%

(1): For this analysis, only patients having epilation alona; or both
petechise and leucopenia of less than 4000 were considered.
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TABLE XIX

Relation between Occurrence of Symptoms and Death in Patients Studied

Survivors Deceasead
Number Showing Symptam Showing Symptom
City Sex Survivors Deceased % % %% ¥
H F 127 18 21% 72% 18.03 ¢.01
H M 248 22 366 41, «06 «81
N ¥ 26 17 356 53. 2ol 27
N M 138 17 19. s 18.51 <.01
g8 P 129 18 51 100. 13.45 £ .01
H M. 249 23 3B e i 6.02 01
H r 95 13 13. TTe 25.31 .01
N B 139 9 12 78, 22.12 ¢ .01
H ¥ a2 10 10. 850. 6.63 .01
H M 34 a8 9. 50, 5,22 -02
N F 79 15 160 699 1‘-‘:»\51 (001
N M 130 15 16, 87. 33.43 <€.01
" F 43 8 61. E2. 04 .84
H d - 33 6 18. 50, 1.38 024
b F 20 1 5. 0. 24 83
N M 14 1 86, 100. 1.26 «26
B F 128 i8 36, 61, 3.30 .07
‘" M 249 22 39 45, 014 ]
i} F 95 17 43, 65. 1,90 017
N ¥ 138 24 49, 88, 10.98 ¢.01




|

KypoqtV

QALIISSVIDAd

b

QIHISSYIakA

= 66 '=

T4BLE XIX (ocont'd)

.

Survivors Deceased
: Tunber Showing Sympton  Showing Symptom
Symptom City Sex Survivors Deceased = % % x2 P
Amenorrhea H F 39 5 28.% 240% 200 1.00°
K F 87 3 4l, 67. .08 «78
Qropharyngeel
133 ions H B 126 18 . 3 7o ) 44 ° 1B o TO
H i 249 21 23a 57s 9.86 <01
N F g8 14 25, 36. =28 +60
N i 13¢ io ia. : 706 11.42 ¢ .01
Fever H F 129 18 50. 83. 5.65 «02
H M 249 23 . £58. 52 09 «T6
o B 60 26 68, 28, 6.38 01
N b 81 40 T4. 100, 10.81 ¢ .01
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It can bs seen that 17.4% of the patients choulnﬂi l‘ﬁ'“

at Hiroshima and 15.5/% at Negasaki, died. It is interesting %o nota_
that although the percentage incidence of radiution injur} in the
group selected at liiroshima was 41.27 contrasted with 15.2% in the

group selected at Nazasaki, the mortality in those showing radiation

injury was approximately the sane.

F. laboratory Findiags

The important laboratory findings were related to disturbances in
the hemetopoietic function and were manifested by leucopenia, anamis,
sand thrombooytopenia. Particulerly severe degrees of leucopenia had
been reported during the latter part of august by the Jepanese in both
cities. In September, by which time most of the pationts wore showing
increasing white blood cell'oounts, marked thrombocylopenia and pro-
gressively severe anemin wus reported. On the whole, the most severe
anemias, other than those coincident with hemorrhage due to thrombo-

cytopenia, were reported toward the end of September and the beginning
of October.

The relation of changes in white and red blood geli counts to tims
after the bomisand distunce of the subjsct from G2 wus investigated in
the groups studied. These relations are shown in Tables ahl and XxXII.
The data refer to single counts on individual pationts. An inspection
of Table Aal shows that the trends ure not clear cut or consi:t#nt.
They supgpest, however, that leucopenia wus wore severe in patients near
GZ than in those farthar.aut. In addition, it can be observed thut
there is a tendency for the leucocyte counts done during the first four

weeks to be lower than those done after that timee.
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W.BeCo in Ralation to ieek of Bxamination and Distance from G7

HIROSHIIA
0 = 1.0 Kne. 1.1 = 15 ¥mo Over 1.8 Km.

+ Week of Exeminations Cells per mm® kxaminations Cells per mmS Exeminations Cells per mm®
Examiration Neo Hean Mo Mean To Mean
4 or less 27 1700 i5 4200 7 3700
5 23 2700 28 3100 25 3200
8 B 1 SR 3600 24 3100 26 4000
7 and over 60 4900 22 - 4500 6 4500

NAGASAKT
4 or less 14 3400 10 ?600 - 3 6600
5 14 S000 i 3400 10 5700
6 24 : 6600 21 : 33800 16 5000
7 and over s 7200 19 5200 13 4700
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TABLE XXIX

R.B.C. in Relation to ieek of Exsmimntion and Distunce from GZ

HIROSHIMA
0 = 0.1 Kus Over 1.1 Km.
Week of "Examimtions Cells per mm®  Exeminations Cells per mmS
Exanination Ne Mean He ilean
4 or less 24 3.14x108 1 3.33x106
s 8 S odd & 3.58
6 6 327 7 289
7 and over 41 2.682 17 3.16
NAGASAKI
4 or less a 3.23 4 323
5 8 2.56 9 221
€ 11 2.75 16 3.05
7 and over 5 B.76 8

Be35




Unfortunately, when one makes similar comparisons between some of the
specific groups, the above conclusiosns do not hold. Nevertheless, the
frequency of these discrepancies is not too larpge to make the above

conclusions untenable.

The changes in the red blood cell count in relaution to week of

exanination end distance from GZ show no trendse

Ge iliscellanecus KEffacts

The relation of nausee and vomiting cceurring very soon after the
.‘ explosions to the eppesrance of later symptoms known to be due to redias-
tion, if of interest. Imaediate nsusea and vonxitiné is known te occur
in experimental animals receiving lerpge doses of general body radiation,
aru; similurly in putients treated therapeuticallys. On the other hand,
the occurrence of thess symptons as a resﬁlt of psychic shock is also
well known and many of them could have been due to this. Attempts
were made to deteraine to which of these two factors the immediate
nausea and vomiting ;ﬁight be due. In the colléction of date &t Hiroshima,
. this early nausee and vomiting was usked for specifically and these
symptoms were recorded only if they cccurred at this time. At Nagasaki,
on the other hand, no special inguiry was msde concerning these symptoms

and they were recorded if they appeared at any time after the explosion.

The point biserial gorrelations betwsen the cccurrence of ime
mediate neusea and distunce from G4 was =.41 for Hiroshima fonales
and =.17 for Hiroshima males. Therefore points repres'enting the per-

cent having nausea at a given distance were plotted. The resulting

DECLASSIFIED |
Authority &Mﬂw

UNCLASSIFIED

e

o —



Authority

{L

e UNCLASSIFIED
ki Jil L1

curve 1s shown in Figure 8. From this Figure it may be noted that
the rslationship between the symptom and the distance is ratner strik-

ing for the femeles.

Additioml data bearing on tnis queation was obtained as shown
in Table AAIII, {rom a Japa.nese study on soldiers at Hiroshima who

were within 1500 meters of GZ. The leutooyte counts were for the

period of 15 to 30 Auguste

TABLE XXIII*

Irmediate
W.B.Cn? Faussca and Vomiting
(per mm®) Present Absent

2600
3500
4500
5500
6500
7500
8600
9600

DO B3 ~30 -3
b =3 O w3 =] €G3

* Source: Report of Sawada Comittee

In this Table the degree of suppression of the leucocyte count can
be considered a measure of the severity of radiation. The trend
suggests that immediete neuses and vaniting occur in patients who

later show leucopenia.

Since imuediate nausea was observed to be rclated negatively o
distance, and immediste nausea and vomiting tended to ococur in patients

who later showed leucopenia, it can be inferred that they may be redia-

tion eftects.
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The effect of exposure to the bonbs on repreduction is of
special interest. Amenmorrhea was reported frequently and in many

instances where the menstrual periods were stated to be regular

 before the bombings. Iowever, the incidence and the relation of

igumenorrhea. to other factors are grossly influemced by the iarge
anount of "war amenorrhea" which is «nown to Imve existed in Japen.
The previous menstrual iiistory was‘ not known for most of the patients
in this ah.idy and consequently it was not felt that reliable rela-

tions could ba estublished(l).

No tabulaticn of abortions or prezature deliveries were made
in the study of the Llanhattan District group, but mmerous patients

ware seen in whom they had ooccurred.

OGculur injuries produced by the atonic bombings in both cities
were the subject of a special investigation made by sn AUS Ledical
Corps officer temporarily attached to the .anhattan District group.
(Sce Appendix I, Report IL.) Th;’x usual mechanical types of ooular
injuries were. seen. In addition, lesions consisting of retinal hema-
rrhage and exudation wers observed and 76% of the patients showing

them had other signs of radiation injury.

(1)s A detailed study of the effects on the reproductive system is
being done in the Joint Report. Albhough incomplete, this will in-
dicate That alnost all pregnancies in wemen out to 2000 meters were
terminated abnormelly and thet effects on spermatogenesis and menstrue=
tion extended out further thaney other recogniseble radiation effect.
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On the basis of these findings and impressions together with

II,,/ Description of Types

independent material imown fran enimal experiments and roentgen
therapy experience, a total descriptive picture of the symptams

and signe due to radiation cen be drawn. Kelative radiation dosage
in the patients examined could have been estimated snly by 'cons-idar—
ing the emount of sizield:i.ng by eir (distence from G4) or other objects,
end, as previously described, this conld not be determined. It is
known from animal experiments, however, that the; greater the dose of
general body rudiaﬁi.un. the more severe the symptoms and the earlier
they appear. On this basls reiative dosmge in the patients exposed
cun be judged by the severity and time of nppeamnce. of the symptoms
and findings. This allows an arbibrary division of the patients in-
to three types on the basia of the saverity of thelr symptoms.

These would in genoral eorreSpond to variations in the dose of radie-
tion received. A general description of these types is shown in
Tabls AXIV. Emmplns of each type are shown in Figures 9, 10 and 11,

which give the hoap;tai course of thre¢e Hiroghima putients.

Io Summ&rz

The following symptoms and findinca due to radiation were observed:
tipilation; leucopenia and its essociated -infectious processes; throme
bocytopenia and its accompanying hemorrhggle manii\‘estations; anemiaj
and effects on ths reproductive system. The time of onset of these
various symptoms ranged from the first week after the bombings until

at least eight weelke after, at winlch time the observations were
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TABLE AaXV
B kel

F e i T
Summary of Radiation Injury
Clinical Symptoms and Findings
ey i
after
Explo=
sion tlost Severe moderabtely cgvere Mild
lo (1. Nausea and vamiting 1. Neusea and vaniting
2. Jafter l-2 hours. nfter 182 hours.
Bo ( NO DEFINITE SYHPTTIS
de
5 “‘2."’“' diar:'hea. ~ il
Be K i 'eiMN NO DEFINITE SYHPTOMS
Teo 4, Or (<] esions
8o Be ever e %1“' "’i
9« |6, Rapid emaciation %
10. " Death NO DEFINITE SYHPTQMS
11, |(tiortality probably / {12+ Boginning epilation, '
12, 100%) [ - A e d
134 | f 7.
14, '7
150 :,"
18, /
179 /‘l
1. / 3. Loss of appabite =T€'_ A
19, I and general malaise. 1s Lpila‘tion \T
204 4. Fovere. " 2. Smerexie nd
2. A15 ionjimalaises
22. Q woand =1 abou $. Sore throat.
23 ¢ [ {}puccal mugos membranes §#4. Pallor.
4o f}’ progresging nocrotic {6, Petechiae
25, ‘ tis with o= 6. Diarrhea
264 | rpxfzio pingivitis. — || 7. toderate emaoia-
2T ® ld-llur tion.
28., T Patechiss, pj;ggdr
29+ diarrhsa,a%%ﬁhauun&-anﬁ- (Reoov;}y'unleas come=
30. _hemetemesis . plicated by previous
Ble 8. Rapid emaciation poor health or super-
Death imposed i ies or
(ortality probably 50% )| infections
patients; injured b in,}uri_eg.

aek q,t"this stage, and apghrent
e velidity g these repor
explain/t

cause of d
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TABLE i1V (a)

Sumnary of Radiation Injury

Laboratory Findings

Period of Examination 10-30 Daze

ilost Severe Moderately Severe ' Mild
Leucopenia Extreme Extreme Hoderate
Anemiga iloderate Moderate Joderate
Thrombooytopenia Extrend kxtreme iloderate
. Period of Examimation 45-60 Days
Leucopenia - Moderate Hoderate None
Anemin . ' Severe Severe doderate
Thrombooytopenia ioderate [foderate None
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conoluded. Deaths occurred throughout this period with the greatest
mumber occurring duriag the fourth week. The ocourrence of these
s?mptams was seen in patients whose location ut the time of the bomb-
ings was asfimated to be out to 3750 meters from'GE at Nagasaki and

3250 meters ot Hiroshimae.
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CEAPTER IV

Cause of Injuries

. = 1. Burns

2o llachanical injuries

3. Radiation injuries

Lo Bvidemce that esymptoms were due to
ionizing radiationa

Bs Evidence conerning injury fram

d persistent radicactivity.

C. DBiological calibration of gamma ray
intensity. {
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Lo Burns : i

[ e

There is some disapgresment among the warious investipating groups
in the interpretation of the eye-witnsss accounts as'to hbﬁ the fires
started. Some belisve thal thers was general spontanscus conflagration
at least neer ths conter at Nagasaki. It is the opinion of the .ianhattan
Distriet proup, from the accounts, however, that there were no large-
écale spontanecus fires as a result of the explosions, although there
were many instances of clothes and other very cumbustible materials so
burning. It wae thought that the large ires wiich ewept each city goon
after the explosicn wors for the nost part due to seoondary causes, such
as the overturning of cauldrons and electrical short circuits. (See

- Section C.) Other than this, there is nothing remarkeble about the

cause of the fire hurnse.

There are several interesting factors, hoﬁever, concerning the
so=oalled flash burns. Speotral measurements made at the Alamagordo
test showed that the ultra-viclet emission wes eguivalent to that of

. . sunlipght. Because of the brief duration (see bslow) and the good air
absorption, this was not of medical ¢consequenca. :I'ha heating of‘-’tha air
was also not a sericus problem at the level of the ground. At the

height of These bursts, the superheated air adjacent to the bomb should

not have touched the ground.

The effective heat was not all infra-red. It included the entire

visible spectrum and may be c.oncaived of as ldentical with the heating
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Assuming thet human btodies acted as black bodies (true for infra-
red, but not for visible light, where paz"hn.ps only',so;’é is absorbed, the
rest being reflected), and that the heat capacity and oonductivity of the
body is equivalent to water, the follewing data based on the Alamagordo
tost measurements can be offered. Allowing a duration of heat of one
second, the amount delivered at 1000 meters was 25 ealories per omf.

.' The dep.th of penefm.ti.on of the heat, or the noxious heat effect, can

be caloulated by essuming the amount reguired to raise the temperaturs

fron 309 to 100° C. as shown in Table XXV,

TABLE XXV#
Distance Heant Dellvered Depth Haemted to
(Metors) . _oal/on?/sec. 1000 C. in 1 secs
600 100 14,0 mm
1000 ; 25 3.0
5000 3 Q.4

* Valuos given by V. F, Welsskopf at Sutiferdnas 'kt Ui,
. Engineer's Office, Rochester Arca, Rochester, N.Y.
This gives reasonable values for the occurrence of turns out to the
distances observed. The differences in the caiculations as well as in.
the medical findin;s between the two cities are not included in this
L4 discussion, but from both points of view, the valus of 100 oa.l/omz/sec.

should probably be reduced by as much as 50% for Hiroshime and incrsased

by 50% for Nagasaki.
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2o Hechaniocal Injuries

The mechanicsal injuries for the nost part resulted from col-
lapse of btuildings and from flying gl-:%.ss and other misslles. Two
fectors chiefly influenced the incidence of such injuriéso Proxie
mity to GZ was probebly the most imporfent single factor aflecting
the number of casuanlties. (Ssve Section C, Part II = Chapter XIII.)
The type of btuilding was the second most important factor. The typical
-fapnnese frome building, top heavy with clay tile roofing, and used
primipélly for dwellings, collapsed on the cccupants and fire consumad
- the wreckage. The many mesonry (brick or stone) buildi’tn;,s. printi.
pally small factories, churches, ete., also collapsed, and people re-
ceived ebout the same type of injuries as those in wooden buildings.
Injuries to occupants of reinforced cozerete uildings were primarily
due to flying glass and falling suspended ceilings of wood, or metale
lath and plaster. Injuries to those in Structural steel-lrame b.zildings

were a combimtion of the above types.

' . | The injuries due to direct blast, as prwiaualy. described, were
less than expsoted in proportion to the other injuries. This appenrs
to be dus chiefly ‘!:c; the f‘#ct that the height above the ground at
which the bomb was detonated meant that no person was claser than that

dlstnme from the actual point of maximum pressure.

3« Radiation Injuries 1t i

A. bkvidencs that Symptoms were due to Tonizing Radistion : ‘

It is stated in the introduction that one of the two specific
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purpoges of this study was to determins if persons prosgd %o the
atomic bombs at liiroshima and Napgasaki were affected by radiation.
Epilation, leucopenia with its accompanying symptons, ard thrombocyto=
penia with its manifestations were observed in patisnts aﬁ:posed to
the bombs, and smme of these patients .died as a result of these.
From roentgen therapy experience and animel experimonts, these symptoms
are known %o result from large dcses af 10;1izing radiation, and it is
highly improbable that th‘is particulur coabiustion of symptoms cculd
occur on & large scale from aﬁy other cause. It was known also, from
. theoretical predictions, that an instantaneous discharge of high
energy gemma rays &nd of nsutrons would occur below the point of de-
tonation of the bonbs. That this did oceur with neutrons was shown
(see Seetion B) by the detection of induced radiosctivity near the -
centers qi‘ the explcsions. It was concluded, therefore, that persaons

did show effects fron radiation and that some of these diad as a re-

sult of it.

.‘ B, Evidence Comserning Injury frum Persistent Redicactivity
The second specific purpose of this mission was to determine if
the effects from radialtion-were all due to the instantancous discharges
et the time of the explosions, or if people were being harmed in ad-
dition from persistemt induced radiomctivity. This question was in-.
vestigated from two points of view. Direct messuremente 'of persistent
radiocactivity were nade at.the time of.the investigation. As discussed

in Section B (Tybout), calculations besed on these measursments wers

a
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made of the integrated radiation dosages. These calculations shovmdﬁ
that the highest dosage thut warld have besn redeived from persistent
radicactivity at Hiroshima was between 6 end 25 roentgens of gamma
radistion. The highsst in Hagasaki was between 30 and ilO roentgens
of gamme radiation. The higher igure does not refer to thes city of
llagasaki, but to a localized ares in ths Hishiyama district. In
interpreting these {indin;s it must be understood that to get these
dosages, one ivould have had to remain at t}‘}e points of hiphest radio-
activity from one hour to aﬁmt six weeks after the bﬁbings. It is
. apparent tlat insofar as could be deternined at diroshima aﬁd in the
0ity of Napaseki, the residual radiation alone -cc’uld not have basen dee
trimentel to the health of persons entering and living in the bombed
areans after the axplos’ions. The maximum calculated dosage which could
have been received by persons constantly present in the Nishiyams ’
aistrict near Hagasaki is we;ll above ths accapted "tolerance dose"(1),
From this finding, aceordingly, one could not be certain that radiation
effects in this district did not occur, although it is highly impro-

. bable that any harmful symptoms would have resulteds

The seoomi approach to this gquestion was 1‘l-.c) determine if any
pe;'sons not in the cities at the .tima of the explosions, but coming
in imnediately after, exhibited any symptoms or findinrs which might
have been due to persistent induced radiomctivity. By the time of

the arrival of the lanhattan District group, several Japanese studies

(1) This is defined as the amount of radiation a human being can take |
day after day indefinitely without influencing the course of his life
or producing residual or latent effects.
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hed been dons on'such persons. Table I, presented in the report:r of
the Sawmda Comnittee, (Appendixz II, Report II), shows the white

counts of nine subjects who had come i;to Nagasaki immediately

after the explosion and had beean living in self-made huts about 500
meters from GZ from 2 to 31 August 1945. Table III in the same re=
port shows the leucocybe counts of 14 members of the Kyushu University
Rellef Party who were workiog in the central area from 14 to0.23 August
1945, Table XAVI shows leusocyte counts done by Dr. Sosats group
between 3 and 10 September 1945 on 22 soldiers at Hiroshima who at

the time of the explosion were 4.2 Km. awny. On 7 August 1945, they
BIECR 348 fiirdanich (500 metars from GZ) to evacuate the injured,

and they worked in %t:uis central area for one weeke.

TABLE XXVI*

Leucooyte Counts Done on 22 Soldiers (Hiroshima)

NOQ WOBGC. E!Enn_ w¢B¢CQ
1 6,700 12 12,700
- 8,000 13 7,700
3 8,800 14 8,000
4 10,200 15 5,500
5 10,300 16 . 13,000
6 &,000 17 ) 5, 700
T 6,800 l8 8,300
8 . 7,900 19 4,000
9 24800 ' 20 8,000

10 8,600 el 9,000

11 9,800 22 10,400

* Source: Dre. Sosa's Committee

None of tho subjects in any of these studies showed any symptons

which could be attributed to radiation, and, as can be seen from
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the Tables, their leuccoyte counts were consistently within the

normal range.

During the period of our invesbigation, Jupanese doctors and
patients were requested to bring Yo ue any patients who they thought
night be exmmples of persons harmed from persistent radioactivity.

No such subjects ware found.

It was concluded, therefore, as & result of these findings and
lack of findings, that although a smanll quantity of induced radio-
. activity was found, it had not been sufficlent to ceuse any demons-

trable hurm to porsons living in the two cities after the bombings.

Ce Bioiogiealﬁalibmtion of Gamma Rey Intensity

The type a.nd_ intensity of ruadiation causing these symptons ig of
speciel interest. Of the four types of ionizing radiation which counld
have been responsible, gemne rays and neutrons demend ths greatest
attention. These are the most penetrating types and applied as 3emralr

. body radiation the onl v type that could have caused the important

| symptons due to bone marrow damage. The less penatrnting; alpha and‘
beta rays could have contrituted to the epilatio;z, but the extent of
this, if any, could not be deteruined. It is extreaely diffieult to
distinguish between the qualitative biological effects of pasma rays
and neutrons, except for the induction of radioasctivity by the latter.
Induced r::o.dioactivity in bioclogical tissue was detected only out to a
distance of about 1000 meters. It can be considered, therefore, that

beyond this distance, at least, the penetrating effects were due to
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gamne rays. If an abrupt decrease in the effects on bone marrow
Bhould.be found at tnds distance in the studies of the Joint Commis-
sion, it could be explained by the observation that neutrons are
approximately ten times &s hematologically effective as X-rays.
There is no indication of this in our studies. In genersl, however,

it seems quite certain that the main biological effects were due to

gamma rays.

On the basis of exposure of film found at Hiroshima and theo-

. retical predictions, caloulations of gamme ray intensities at inoreage
ing distances at Hiroshime and Napasaki were made.. These are discussed
in Section C of this report. The walues presenfed there range frun
S £6 12 roentgens at 2300 meters at liroshima. These do not eorrespond
to what is expscted from the biological effects. Any attempt to
calibrate radiation intensity ou the Lasis of biological effett, howsver,
is freught with difficulties, unless done by the most carefully controle
led experin'wnts, and is virtually impossible under the circumsfancea

. 7 heres Of greatest importance is that data on shielding, both by air
and by intervening objects, are insufficient to give reliable estimates
of relative exposure (equivalent dosage':)(l). BEven if this were known,
the small mnﬁber and selection of the patients would not permit evelua-
tion of £he factor of variation in individual susoeptibility. In

addition, the energy spectrum of the gemma' rays, on which the mumber of

(1) Tuis may be roushly determinable in studies done by the Joint
Commission.
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and the influence of the time-intensity factor at these levels is

not known.

Despite all of these factors, soms eatimate of the mmber of
roentgens required to produce radiation effects can be given. Such

estimates are shown in Table ZaVII,

ZABLE XVII

Roentpens Required to Produce Radiation Effects

. Radiation Intensity Roentzen Dose Required
Kv for Epilation
0 . 200
280 400
1000 oo

It was shown in Figuree 5 and 6 (pp. 59 and 82) that both epile-
tion and petechiae occcurred in patients as far out as 3000 meters,
and weres very frequent between 1600 and 2000 meters. It seems most
unlikely that either the tm-intcnaity factor or variation in lr;ﬁividual
. susseptibility could acgount for the occurrence of these offects at

dosage levels of the order of 5 to 10 roentgens.

(1) As judged from blood changes in the rat, the biologiocal effective-
ness per roentgen is practically independent of the wave length of the
radiation and in gensral is a very slow andl varying function of the ion
distribution. This is not equally true, however, with a surface effect
such as epilation. :
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CHAPTER V = Oonclusions

The best estimates of the mmber of casualties at Hiroshime and
Hagaseki available at the present time are:

Hiroshime Nagasaki

Population 820,000 260,000
Dead 78,000 35,000
Injured 37,000 30,000

Total Casualbies 115,000 65,000

These oasualtios were primarily due 4o burns, mechanical injuries
and radiations Their importance as casualty-producing apents is in
the order listede The greatost single factor iafluencing the cecurrence

of casualties appoarcd to be the distance from the center of GZ.

'Baaed on the study of 900 selected éasas, estimates of the maxi-
mm distance nt which synptons due to the verious fGsualtye-producing
effects and deaths were observed as showm in Figure 12¢ It can be
;aen that burns exterded eonsiderably Terther than the other two ef
feots, and mechenicel injuries somewhat farther than radistion injury.
In addition, the effocts extended Furthsr ut Napaseki then at Hiroshima.

The umusual symptoms end findings observed wers epilation,
petechiae and other hemcrrhazlc manifestations, and profound leuco-
penia associated with infectious processes partioularly ebout the
oropharynx. There wers also indicutions of disturbances of the reproe
ductive systems. In the patients studied, these symptons were found

in goneral to be negatively related to distance. It is inferred that
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neusea and vomiting occurring e few hours after the explosions were
v also radiation sffects. It was further found in the patisnts studied

that certain of these symptoms were significantly related to death.

It is concl.uded that persons exposed to the bt;mba at the time of
detonation did show effects i‘rom‘ionizing radiation and that some of
these patients, otherwise uninjured, died. The precent of deaths due
to radiation injury (as well as to other specific causes) cannot be
determined from this study. From the general picture, however, it

,. appears that deaths due to recognizable effects of radiation were far
less than those due to other csuses. The mortality in hospital patients
showing definite radiation injury was approximately 165% in both cities.
sost of these deaths occurred during the fourth waek after the bombe

ings.

The evidence from medical findings points to the conclusion that
persons not exposed to tho boabs were not injured by radiocactivity

persisting in the areas.
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The analysis of the pathological information obtairied from
Hegesaki and Hiroshima, presents great difficulity due largely to the
incomplete rature of the information on the series of caéea fram
which this $udy is made. £s has been mentionsd, the arrival of the
American Party did not occur until-six weeks after the actual bomb-
ings. Hence for the period up to this date, the information was ob~
tained directly from Japanese sources. Due iargely to the state of
. , utter confusion and lack of medical resources existing at that time,

they are gquite incomplete as will be shown, (1)

Because of the nature of the data, the approach of this paper
deals with, (1),a brief review of the nature of the physical agents
which caused the pathological demege; (2), & general discussion of
the pathological meterial ae a whole; and (3), the pregentation of
the findings observed in the study of the specimens. Stress will be
placed on the damuging effects due t¢ gamme (and neutron) irradiation,

. inasmuch as the nature of those offects ow Lo human subject is com=

paratively uninown and not well understood.

The previously discussed agents which are important as faotors
in the pathological damage are, (1), blest and the following succusion
wave; (2), the terrific heat radistion which includes the exposures to

rays from the infra-red to the ultra=violet ranges of the spectrum,

(1): The Joint Comnission has a considerably larger and more extensive
group of ceses than those here presented, and it is hoped that many of .
the gaps existing in this account will be bridged.
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and, (3), the ionizing radiation which is similar to Xerayse.

The pathological effects of acute neutron radiation are irdistine

guishable from the gamma radiation demages

The blast effects, as far as can be det;armined from aye«awitnoas ;
reports, are very similar to those observed following cycloxiic winde
storms, and to a lesser extent, other high explosive ordmance.: The.
damage’ gonsists for the most part in injuries from missiles coming
from falling buildings and the like being thrown against the casualty.

. Fraotures and traumatic wounis of all types were recorded. Cases of
evisceration were likewise reported in abundance, but in general the
tendency of later clinieal observers is to discount the frequency of

such events. This is also true of crushing injuries attributed to the

force of air pressure from the blust itself.

The flach effects are defiuitely an entity and will be discusbed

in some detail later.

. ; Host important a. a disﬁimtly new and overwhelning agent is‘ the
gamna (and neutron) irradiation. This also indludes the éffeo't'a of
any possible radioactivity from fission product deposition, The m;j'or
portion of the pathological account will be devoted to the specific

1nj|._1r1es from gamma radiation.
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Chapter I - Description of iaterial Studied

During the limited scjouraz in Nagasaki and Hiroshima, it was
possible to collect pa.’b};olog_-;icni maberial from 24 autopsies. Ten
of these (including ;-noet. of the early cases) were obtained from .
Napeseki, and the reminder fram iiroshime. FParallel clinicel re-
cards were not obtainmble in many of the sarlier cases. Autopsies
. were carried cut in many instances by inexperienced obserw'rs. Date
on the names of the casusltles and other specific facts often were
. . inacourate or not obtained. The fixation of maxny of the specimens
was extremely poor due to lack of chemicals and reagents. This rendered
many good specimens uafit for studys OFf the 24 oollected, fair date

are available on approximetsly 20, as is shown belows.

The subdivieion of the cases acuording to dats of death is im-
partant, since it serves es a method for judging the progression of

the pathological changes. The following tabulation shows the grouping

. of cases into weekly intervals after the exploaions:

lst week - none

2nd week - 1

3rd week = 3

4th woek = 2 '

5th woelk - none

6th week - 1

Tth week = 7

8th week » 4

9th week « 2

Of these cases, ten were msles, and ten were females.
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The distribution of the cases by apge is as follows:

0-10 « 4 cases
11=-20 = 6 cases
21=30 = & cases
31=40 = 5 ouses

1=-50 < no cases

51=6C <~ 3 cases
The distribution of the cases by the nature of the injury was:
' Radistion effects only = 8 cases
Rediation plus burns « 3 cases
Radiation plus trauma - 3 cases

6

Rediation plus burns
plus traume e

cases

In the discussion which follows, an atbempt will be mede to give
& chronologlical picture of the course in wihich the pathological picture
developed in these fatal cases. The available muterial is of such =
nuture that 4t divides itself sharply into two rather distinct cate-
gories:s (1), cases observed in the 3rd and 4th weeks; and, (2), cases
observed in the 7th %o Sth weeks. The pathologioal descriptions which

follow will expend the firdings in these two groups et length.

Examination of the neture of the patholosy reveals that there is
. . & time classificetion alsc. The first gztbup involves those individuals
who were injured by the blast, end those burned immediately, either by
the heat;radiation from the beab itself, or from the fire of burning

buildings and debris. The aecond and most important group is that
whlch shows radiation injury.
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@ . CHAPIER II

Desoription of Findings

1, Injuries other than radiation
2o Fkadiatiorn injuries
‘ A. Physiologionl affects on enimals
Be Fathologicel eoffeots in animals

C. Pathological effects in huma.n
beings :
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Chapter II ~ Description of Findings

le Injuries other than Radiation

The type of injury related to blast has been discussed earlier.
One additiomal cozment which should be téantionad is the relative
rarity of ruptured ear drums (slways in high fregquensy following
high explesive debonation}, and which would tend %o minimize the ef-

fect of the blast wave iteell.

The burns resemble very closely the flash burn on a very large
. "~ @cales Individuuls who wers under the bumbs, and‘avon at some diat:a;me
from them, had the exposed areas of their akin charred to a dark brown
color, (third degres burn), and died within & few hours &t the mosth,
Those individumls up to approximately 4500 feet showed second and
thired degree buz.'ns of less intensity, over those areus of skin exposed
unprotected to the blust. Even thin clothing gave consi&mble pros
tection except where tightly stretched acress the skine Dark colored
oloth wes found very susceptible to ignition and skin areas so covered

showed burns,

_ The pethological- picture of the typiocal skin 1njur;‘r is presented
in Plete I. Thia shows o picture of second degree burn with edeme of
the eplderz:'lie. caaplate disintepration of the l?&alpighian layer with
much pyknotio debris, edemm, end hyalinization of the underlying layers

of the skin. Thrambl are visible in the blood vessels and some bacterial

clumps are scattered throughout.
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PLATE X. SKIN (Hum 2
iy SEIN (HUMAN); 2ND DEGREE BURN
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The picture of burn pathology and its related shocking effects
has been discussed at length in the medical journals of the past few
years, and reguirss no further comment. Individusls who survived re-
latively severe burns and then developed radiation sickness will be

discusnéd latsr.

2. sadintion Injury

Innsmuch as the pathological material obtained from Hagasaki and
firoshime was collected fras Japaness sources, some 8ix or eight weeks
Rl after the bombings, it is expocted that gaps would and do occg'r in the
datu tlus éained. Hence, it is deomed wise to intereperse at this
point a brief physiologicel and pathological sumnary of the sequence
of events occurring after animals (rats, dogs, and mﬁnkoys) are ex-
posed to a killing dose of xura&iation. The biological effeats of
x=reys are iadistinguishable fram those of the gamma rays liberated by

the bombs.

Ao FPhysiological Effects in Animels

After normal animels (dogs) are exposed to a killing dose of
x=rays, there is a latent period in the devalopmexit of symptoms for
approximetely 'on.o to two nours. At tids tine, a preliminary period
of prostration sets in, associated with a primary fall in blood pressure.
Some salivation, diarrhes, nausea and vaniting may follow at this time.
The diarrhea is seldom of bloody mature. The peripheral blood picture
shows an elevation in the circulating polymorphomiclear leucocytes of

approximately 20 to 307 over the control walues. At the same time,

e sy
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there is a sharp decline iu the circuleting lymphocytes to as much

as one-tenth of the normal valuess The above synptans progress through
the second day end with a contimuation of an accelerated heart rate;
lowered blood pressure and occasional vemiting. Very little food is

taken and some weight is lost.

On the third day, the animal resumes eating end recovers same
welghtie The polymorphomclesr leucooyte count of the peripheral blood
bas now fallen to a low level (as much as ons=fifth to ons<tenth of

/ . ' the normsl value), with a parallel deprgssion of the lymphooyte series
a8 welle This state contimios up %o epproximately the ninth or tenth
day, or slightly bnger, wr/ying ‘with the species, at which time an
abrupt rise in temperature of the énimal oﬁcursa Tuis is msecoiabed
with blood ooncentration caused by a lowering of the fluid elements
of the blood. Murther concentration is accomplished by the onset of

~ further diarrhea, of‘tenl of bloady nature. Some copious salivation may
ctcurs lemorrhages socur into the skin, mucosal areas, as. well as
. other body erganss signs of sepeis and localized infection then appear.
ﬁgath dccurs with the onset of shock, samewhers betwaen the tenth and

twentieth dey after the adininistration of the radiations

Bs Patholopical EBffects in Apnimals

Pathological examination of the injured enimsls (saorificed at
The most gportune periods for accurate study) reveals that the most
Xeray gensitive tissues can be grouped in order of their severity of
involvement as: (1), the bone marrow, thymus (if persisting) and
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testis as a group; (2), an:{'l‘,‘- the lymphatic tissues, spleen, pgut
epithelium and ovary., Little or no damage is observed in the pancreas,
kidney, lung, heart, adremal, nervous tissue, skin or musele. This
latter statement refors to direct xeray damage and not to the secondary
effects of bone marrow depression, such as hemorrhage and infection

which do cause changes in these organs.

Examination of each of the individual susceptible orguns atb
critioal inmbervals yields the following infomfiun. This aocount
_ ' is necessarily quite brief, but will give the reader s chronological
picture of the events cccurring in the gaps in the human information.
As far as can be determined, -there is very lii:tle dif{erence between
the changes in animal und human, and such variation will be consp-
ctiously pointed out. In t'hia way, & more camplete pleture of the
L development of 'bhe; deganaratiﬁ and regenarative protesses can be

gained, and the dissimilerities between anims) and hummn pointed oute

Bone ierrow (Dogs):
. ; Following the depressing dosage of x-rays, the bone marrow shows
_ conspiloucus signs of degeneration of a progressive nmature. First the
early cells of the myelocyte series begin to lose their normel cellular
and partioularly miclear detaile Cell walls he-c\cmo poorly demarcated,
mcled begin to shrink and later the former sreas of ooaplete myelopoesis
appear somewhat as syncitiae of pyknotic cellular elements and what can

be termed muclear debris, which is dark staining with the basic dyes.
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This prooess of disappearsncs of the gramulocytes is associated with

an inpeuring of adult erythrocytes so that the marrow simusoids became

sa filled with cells as %o sppear hemorrhagic in nature. This dege-
uerative process contimes up through the eighth to eleventh days, or ‘
more, and at its end the merrow appours to be a retisulum with occasion- ‘
al islets of dead cellulur eluuscnts. There is no sign of activity et

eny poriion. ‘I‘c; follow this process, photomicrographs of dog rib

merrew have been prepured. Hate II represents the control marrow

with its abundant;a of all ¢aellular elements. Plate IIT shows the

above effeot at the end of 14 days, with no sign of sellular activity.

A word must .be said concerning the failure of erythroboeaia as
well. This process in t}{e animal waterial studied is assoclated agrin
with the early (3-5 days) disappearance of the mucleated cells which
&lso assume & shfunken pyknotic eppearamce and gradually disappesr from
the marrow retioulum, It is evident also that the adult vells suffer
little injury, inesmach es the erythrooyte count is mainbained hrough
the normal 1life span of the cell, and hence shows only a very slow
end graduel fall. This sccounté for the absence of anémis inm the

early phases of radiation sicknesse.

Certain phenomenn must be mentioned at this time which cantribute
to the difficulty in the gauging of the effect of a given dosape of
Z-rays, on the blood forning elements. Above a certain level of

dosage (such as 100 r) the depressing effect on the merrow with the

resultant effect on the 'disappenrnnce of the white cell elements from
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. PLATE III. RIE MARM
1 DAYS AFTER TOTAL nomy oRROY (DOG)
“~4 BODY RADITION (350 R)
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the peripherel blood appsars be the same both'as by’ 'éiﬁ'té‘l%‘f de-
velopment and extent of depression as it would with a lethal dosags.
The stress of the increased dosuge enters the picture only as an index
to the severity of the involvement; i.s., the length of time the
merrow remains depressed, the extent of the wiping out of the cellular
elements, and the like. The explanation of this phenomena is not

cleur, and no attempt will be made to present the wvarious potential

possibilities whioh might underlie it.

A period of depression is noted in which the marrow remains ree
. | latively acellular, and in which the marrow spaces iose the cellular

debris associated with the degensrative process. At the end of this
time, new regeneration of cells sets up islands scattered through the
marrow spaces. The period of onsel of erythropoesis oocurs in about
the 4th to 7th day in the rat, and a little laber than the 14th day
in the dog, s far as can be determined fran average figures. The
cellular islands at first proliferate very slowly and the time of ro-
establishment of the new areas Ls slows .lyelopoesis is delayed by
geveral days after the initiation of erythropoesis. ' The new oells
appear horma‘l although blood smears may show an increase in monocyte- .

like forms. The periphoral blood smears reflect the nature of this

procese with persistent leucopenia and a slow deoline in erythrocytes.
(Plate 1V),

After this periocd in which cells are being formed slowly, a spurt

in the production of new cells occurs. &t the same time, allowing for
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PIATE IV. RIB MARROW (DOG)
28 DAYS AFTER TOTAL BODY RADIATION (350 R)
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& period of meturation, the peripheral blood ref‘lects_ a change with
appearance of new elements and proportionsl rises in leucooyte and

sonewhat later, the erythrocyte counts. This rise in the rat ocecurs
about the 20th to 24th dey on the averape, sand at about the 30th to

36th day in the dog.

Exsnination of merrows at this period may reveal a pgelatinous
appearance on gross exadination due to the large numbers of formative -
vells occupying the merrow spaces, oollapsing the blood vessels and

'. rendering the marrow relutively free of adult red cells. (FPlate V)

The giant cells or m‘agakaryncytea, ars worthy of mention, inasmuch
as they are important as the site of p;a.telat formation which is also
depressed to low levels. Thess likewise disappeer early from the marrow
and ere not reformed until relatively late in the regenerative oycle,
the exmot time being around the 20th day for the rat, and unknown for

the dogs

. Following the feganerativo period, the proliferation may ooﬁMa
so that as much as twice the normal number of cell elements aré observed
in the marrow counts. In the dog this happens around the 56th da_y.

As the respective need for blood ogll elements is now solved, the marrow
} reverts to the normal stete, this period being relatively unknown tut
perhaps about 106 dayz.

The Lymphatio Systems

The effect of the radiation on the lymphatic system follows a

e
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similar picture. +«ithin o me ther of hours af’tex" irz;adlé{:ion is““
given, the first signs of cellular degeneration with loss of cell
detail, pyknosis and miclear Iragmentation is observed in the nodes..
This contimies throughout the following six o ten days with the
wiping out of the germinal centers, leavinm an apparently degeneratse
retioulum. This degeneretive chanze is followed by a fall in the

circulating lymphocytes to e veé‘y low level.

As in the bone marrcw, signs of regensration appear in the form
of small islands of cells which start to reappear in four %o six days
after the period of complate depreséion. Again the process is wvery
slow and pgradual with the normal type of architecture of the node -
not being regainsed until some five weeks later in rat specimens, and

oonsiderably later in the dog.

The anmount of destruction and the degree of dimmge are also pro-
portiomal to the :E—ray desage employed, tut as in the marrow, regard-

less of dose, tho relative time factors are the same.

The Spleen:
The lymphatie etruotures in the splesn behave essentially the same

@8 those desoribed above, the period of regeneration sppearing to be
somewhat delayed over thut observed in the lymph nodess 4As late as 40

days, ohanges oceur in the form of increasing cellularity of the pu].p
in the rat,

'Islands of extremedullery myelopoesis have been reported in the

rat as being formed during the repe.rative process. Such are not present

INELASSIFIED




in the dog in the present study group.

An isolated finding in the healing and regenerative proaésses ,
is the development of alundant iron pigmentation in the spleen follow=
ing damage as shown by special steine. The possible explanation is

the inoreased erythrocyte destruction during this periode

Stomach and 'I.ntast’im_:_

The destruction of the epithelial btissue of the stomech and bewel

has lobg been known to exist, as well as those physlologiocal phenomens

' ! assoslated with 1t This demuge to the bowel in animals is again proe
portional te the amount of x-ray dosage. It coccurs rapidly within a

matter of hours and develops %o a maximum extent in a matter of two to

three days.

The shanges observed following high exposure in dogs are an cdema
and hyalins eppsarance to the cells, engorgement with blood and in exe
treme cases actual desquemation of the mucous membrane in shreds.

. Hemorrhage into the involved area is not ﬁncomon.

Healing is relatively rapid and is fully in progress within a Tew
.days after the initiel demage. Residuals in the form of searring are

almost completely absent.

Same weeks after the initial demage, hemorrhage and subsequent
ulceration into large areus of the bowel may occur (dogse), and be in

- themselves lethal.

DECLASSIFIED %— | mmsgﬁm
Authoriww

L e e TR




DECLASSIFIED
| Authf’”t”

WD sy

[y a &S 4 Ui 2
Z%%’ A e SILUUE
- Testis: ;
BeTm—n

After e single lethal dose oi“xwradiation to the testis a gradusl
dapﬁéssion in sperm formetion occurss The first celle involved are
the primary sperm cells wiiich are adjecent Lo the walls of the tutule.
Thede become swollen, losa -ﬁmir identity and diseppear. They are
followed in turn by tho-spermatogonia (spermatocytes), Sparm.atids.
and sperm which disappesr by conbimuous maturation, so that for 20 to
30 deys there is production of mafure sperm. The Sertoli cells and
stroma fe:zmin as the only remmants of the original active tissue.
leter marked atrophy and sIu*inE':ing of the entire organ occours. The

process ie slow end gradual end requires weexs for its campletlon.

The time of regoneration or reformation is 'dela.yed, and, in &
lurge mumber of fnstances, the complete return to normal function is

not apparent.

Other Tiasues:

As mentioned previously, the liver, lung, kidney, pancreas, heart,
nervous tissue, skin, and muscle show no appreciable effect of 2 patho-

logioa.l nature amept in those instances in which the douge to a 511‘611

~area is axbrmely highe

Go Patholopical Bffects on Human Beings
The material presented below is subdivided into secbions similer

to these in the foregoing account. .uch of the detailed deacription

will be omitted due to gaps in the available informution. For the
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purpose of clarification a series of photomicrographs has been pre-

parad illustrative of the changea described. &ach group of pictures
is preceded by a normal exasmple for oomparative purposes, so that the

progression can be easily showne.

The radiosensitive tissues for the human ere identicel with those
for the animal and consist of the bone merrow, lymphutic system, splsen,
testis, and to e less conspiouous extent, the overy. The primery changee
in the bone marrow causs lethal effects elsewhere in the body in the
form of infection, bleeding and anemia. Before starting om the deserip-
tive mcoount it can be generalized that uside from the immodiate effects
of burns, most of the early deaths (in the first three to four weeks)
were caused by infesbions during the next three to faur weeks (with some
overlapping of each series) deaths were related to hemorrhane and some
infection; during the following time (up to seversl months) most deaths
were related to severe arnomisg. with these generaligations in mitd.._ .

deseriptions of the changes in the various organs will now be made.

Bone ilarrow:

Plate VI is a pr;esentutiun of the normal state of resting MI
bone marrow. It consists essenmtially of a loose network of fat cells
with interspersed lslands of merrow cells in various stuges of develop=
mente Both red end white cell series are represented. Occasional
normal megakaryocytes are notpd. There is no engorgement of the marrow

by red cells. It must be azain stressed that the femoral marrow as

ghown here has much more of a fat reticulum than the vertebral or rib
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merrows seen proviously in the dog slides.

Plate VII is the picture observed some 16 days after expuosure.
The reticulum seems to bs the only persistent element belng everywhere-
dotted with tl'm pyknotic remnants of previously normal cells os well
as moiear debris. Ho active cell elemente are noted. Shown alsc is
soms eungorgement by red celle (much more conspicuous in other sections)
actually at tiues Esing of henorrl;ﬁg!.c appearantee, This ploture

compares with thul shown in Plate I of the dog marrow at 14 days.

Unfortumtely, thare is no intermedicte stage in this mries show-
ing the relative initial appearance of new islands of formative cells.
This will be demonstrated in a subsequent report. For orientation,
one should refer to Plate IV of the dog marrow teken at 28 days. This
shows at :i‘irst glance e degenerutive appeurance but on closer scrutiny

emall islands of what appear to be undifferentiated cells on the re-

ticulun are seen.

Plate VIII shows the hyperplastic picture of the marrow during
the recovery phase, and compares with the dog at 60 deyse ilote the
return of abundant white blood cells of all types and descriptions,
as wfoll 86 islands of red cell formation. The fatty reticulum is almost
completely replaced with marrow oells. Megakaryocytes are again present

and blood platelets normal. One item of differesce between the dog

- und human which must be mentioned is the relative decrease in the

numbers of erythroid elements which are regenerated. This has not
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ocourred in other species which have been studisd to date (including
the monkey). One might spsculate that the lack of red cell formstion

in these people was related to a matritional deficiency present prior

to and during the radiaticn offect.

Effects Caused by Dons liarrow Depression:

First Period: .During the sarly period (one te four weeks) followe

ing exposure, there is a depression ot the leucocyte oount from its
normal of 8,000 cells per cubiec millimeter to extremsly 10* levels.

' . This givéa‘a chanoe for the development of infections 1n-§.11 parts of
the bedy with the invasion of tissues by pathogenic and non-pathogenio

bacterie. This will be discussed at same length.

In{'eotio;za of the skin, particularly around the mouth, were des-
eribed by Japaneze physicians. These appeared in the form of shallow
confluent ulcerations exuding preenish pus of a aweetish, fetid odor.
Various types of buceal cevity ulcerative lesions were common, extende
ing fram & mild giogivitie with shallow ulcsration %o a complete aphthous

. , stomatitis, tousillitis, pharyagitie, and even to the involvement of
the epiglottis, larynx, and traches. Such a state is most cammonly

" . termed an agramiloeytic anginde AlL types of this state were seen by
the Jupanese and pathologicel spacimens of it preserved, but by the
time of arrival of the Americen investigating purty, only residual and
recovering cases were noted. Several cases of nos or gangrene of
the mouth were seen, some responding well to penicillin treatment.

No pathological material suitable for photography is included in this

garies. 1
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Frank sepsis with meny forms of bactoria was also encountered.
This was usually of a fulminating type. J".n subsequent slides of
tissues, it is possible to distinguish mumercus becterial clumpe ‘
with, however, almost complete absence of the normal leucocytic res;-

penses arcund them. Pneumonla, various types of ulecerative gastro-

enteritis, and the like vere found during this period.

Second Period: Following the periocd characterized by pree

dOminn‘ma of infectbions end coupled to some extent with i%, was &
' . more prolonged period in which bleeding into the varlut;a tissues and
areag of the body was noted. This was associated with pi'ofound platelet
deficiency related to the almost complete destruction of the megu=
karyoeytes of the mmrrow. llence the picture of a profound thrombo-

cytopenis purpurs is noted.

Petedhiae and ecchynoses of verious sizes were observed in all
areas of the skin, serous surfaces, mucosal maﬁbrams and the iike.
Frank hexdrrhage occurred in the lung tissues, the kidney, brain,
. bowel, ete., with symptoms of them being quite pronounced in the eli="
nical picture. A few oxenples of these phenomens are shown in the

following plates and desoriptions BEach tissue in tura is preceded by

a normal example for compurison.

Plate IX shows a normal lunge Plute X shows a section of lung

with the alveolur walls still well marked but copious amounts of serum

and red blood cells have exuded into the cavities. Note the almost
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PLATE X, LUNG (HUMAR)
18 DAYS AFTER EXPOSURE TO ATOMIC BOMB (NAGASAKI)
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complete absence of white cell elaments. Clumps of bacteria are
shown throughout es well. Pla%e XI shows a further process in the
development of gangrene of the lung with complets loss of cellular

detail and the entirs area flooded with red blood ceils.

Plate XII shows a normel stomuch with the capillary arcades well
marked out. Plnﬁe AIII shows hemorrhazge into that area which consists
of a liberation of red cells through the normel capillaries to form
the overlying eochym’aaisu again note the absence of white bloed cells.
All sectlons throughout the areas of hemorrhage are similar, and when

. coupled with the leucopsnin already in effect produde the picture

. 8hown nbovee

Third Period: Very iittle data are available on this so-called

third stage of the series ¢f pathological events followlng merrow
depression, the stage of anemia. I% is charmotarized by & failure of
red blood cell formation, while at the same time, the white blood ocell

serles and lymphooytes have returned to normal levels.

Individuals in this group develop & profiound anemia and in spite
of blood transfusions to which they react pmorly, die with erythrocyte

counts of less then one million per ocubic millimeters

Pathologicel examinetion of these individuals limits the picture
to the bone marrow and the effects of ancmie elsewhere. Tissues are

markedly pale and bloodless. Ho bleeding tendencies are apparent.
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PLATE XI., LUNG HUMAN
16 DAYS AFTER EXPOSURE TO ATOMIC BOMB (HIROSHIMA)
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The bone marvow it of a gelatinous or yellowish color and packed Qith
all forms of the myelocyte series in apparently normel distribution.
However, there is g conspicuous absense of erythroid forms. larrow
smears show a similar picture. Death is olwiously due to ‘the profound
anemia. Speculation, as montloned before, of & rclated mitriticnal de-
ficiency must be raised due to the gemeral mtritiomal status of the

affected individuals. This phenomena has nct been observed in animels.

Lymphatic Tissues:

As ims.besn previously noted, the lymph nodes in various parts of
the body are affected alaost immediately following irradiation with a
conplete loss ¢f cellular debail, leaving a stroma oﬁcuéiaﬂ with de=
generating cwlls. Apain, oxamples of this, .lni.tiél picture are absent, |

the earliost material showing the beginning of lymphopoesis.

The lymph nodes in the pross et appl‘oxi.mate‘ly: the two week period
ars soft and flabby with loss of structural deteil. The microsecopic

pioture ie nobed below.

Plate XIV slows & .no:‘mal iynph node with well defined germinal
senters and pulp filled with mixed red celis and adult lymphosytes.
Plate XV shows a Twpoplas:i;ic node without conspicuous fallicles. i in
the cortical reglon thore is some early indication of lymphocyte formm-
tion as indicated im blast forms and small and medium 1ymphonm. The
pulp is filled with erythrocytes in inereased numbers and in same cases
there is @ hemorrhagic tendency. This slide (18 days) i:rﬂlcates the

beginning of the reparative process. Plate AVI shows & little later
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stage &t 28 dsys, at which time the permiual centers are showing a
tendency to round up the follicles with the development of mature
forms. later stages (60 days) show the presence of normal lymphatic

structures.

During the first few wesits with the profound softening of the

lymphatic aress in the intestine, some ulceration and infection was

notaed.

The blood picture as desoribed reflects perf{ectly the pathologicel
state of the lymph nodes at a given pericd. Complete early depression
and reappearante of normal forms coinclde with the degenerative and

repgenerative phases in the nodes.

Sgloonz

The sequence of events in the spleen parallels thut observed in
the lymph nodes and is illustrated in the following platess Plate
XVII shows & spleen from a normal individuale. Plate XVIII is a 8pleen
18 daye after radiation. There is & pronounced laock of lymphofid ele-
ments here, and the follicles ¢an be made out. only with diffioculty. 4n
inoreased anount of bleood is noted in the pulpe Around central vessels
are a few cells which appsar to be blast Porms surrounded by emell
lymphocytes. An occasional larger cell of foreign mppearance (? reti-
culum cell) is noted. Plate XTI shows the status at 28 days with the
attempted rounding up of cells into follicles and the presence of

mature forms. The large cells of questionable reticulum type are still

in evidence,
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An additional finding in such spleens is the abundance of irenm

]
~1

deposition in a large mmber of them. This is demonstrated conspi=-
cuously by iron stain and is probably related %o inoreased red cell

destruction in these individuals.

Testiss

Examination of the limibed emount of testicular material in this
series for profound effects is scmowhat diseppointing. For the nature

of the progressive changes it is necessary to refer again to the
animal data. One specimen at 18 days is worthy of Gomment end is ile

lustrated below.

Plate XX shows a normal testis with all celinlar elements intact.

- Flate AXI shows a specimen at 18 days in which the Sertoli cells

eppear healthy und active. The primary germimal olemente appear Some-
= Marr| R
what degenerate and reducsd in mumber. The spermatogonis, spermmtids,

and sperm appear normal, although reduced in amount.

later Specimens of teostes not shown demonstrate marked atrophic

ohang;s with only active interstitial cells and reticulum.

4 Ovarxz
The ovarian materianl is also limiteds Sections examined showed

the presence of an occasiomnl small ovum, and it is impossible, to inter-

pret the findings. A botter pioture will be gnined from the examinatiop,

of the physiological effects as recordsd elsewhsre.
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PLATE XXI, TESTIS (HUMAN)
28 DAYS AFTER EXPOSURE TO ATOMIC BOMB (NAGASAKI)
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tomech, Intestine and Colom:

The predominant observation in the bowel, asids from mucoszal
hemorriage,  is the appearance of superi‘iei.all spotty ulceration with
overlying membruns in the lower inbestine (ileum), caecum, and colone
The sigmoid region was usually markedly invelved. The process by
which this ulceretion appeared seemed to be thut of an imitial hemo-
rrhege followsd by srosion of the overlying ischemic mucosas Aﬁ
times such ulosration sgave a herringbons appearance. The microscopis

sovtions examined imvarisbly are %co autolyzed to allow accurate inter-

' pratutions

Changes are also d.as_:e.ri‘bed in the stomach, ducdemum, end jejunum
which may be relaté& %o ebrophy with resulting reduction in the height
of the solumnar eépithelivms From the sechions studied, *his change is
&dnixed so complately with ‘E;utolysi.s o reander accurate opinion impos-
8ibls, '

, ._‘ Epilation:

This is & phenomenon sharecteristic of the human reaction long

brief description of the gmgs nature of this finding in the casualties

18 worth mention (see Photographs, Fart I)e In s osiansaly Tvo 11

days following the exploslous @nd laber in many individuals, the loss
of hair from the scalp,. espocially, face, arme, and legs became &pparent.

The lose ig of & diffuse nature over the hirsute area, the individual

hairs becoming loosened end dropping oute Interspersed are hairs of
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groater viability so that particularly in women casualties with

long uncombed hair, the entire mass of heir is hald in place by
sparse scattered long hairs, the areas of epilation appearing

between them. The process develops with moderate slowness requiring

soms days for completion.

Sections taken through the eplilated ereus 'show atrophy and loes
of conspicuous cellulur identity of the sweat glands and hair follicles.
Some edeme appears in the skin and underlying connective tlssues
Bacterial clumps may be present in cases having profound leucopsnia.
Only several sections ars available of thls meberial and it is diffi-

oult to formulate an mccurate ovinion of the rature of the process.

Gomna Radiation of the Skin:

The delayed. effect o.f gamma irradiation to"{:hs skin is also well
known %o sppesar in the form of an erythemn several weeks after exposure,
and in some instances, as a burne It must be stated at this time that
po muterdal is availublo which would indicate that such erythemas ang

turns did occur from the boab explosionse All burned ereas eminéd

gave histories of radistion (heat) or fire burns to the body, an

obn?uﬂ cusual relaticnshlpo !

Other Pathologz;

4

The previousiy mentionad éathological discussion deals rather
completely with the specific findinge of medical interest related to
the atomic bomb. (Oiper c:han:ges of possible mutritional, degenerutive
infeotions ang purasitic pature weres observed. In this brief report,

however, al) these arec amitted for the obviaus parposes ofrq‘hri"ty_am

(F R
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Chapter IV - Conclusion

)

In conclusion of this discussion, it is apparent that the positive
pathological findings other than those associated with blast and heat
burns are directly cennectead with the effect of gamma (and neutron)
irradietion of tismes sufficiently sensitive so as to demonstrate
rapid lethal or damaging effacts. For obmparativa purposes, it is
feasible to sumnarise the deta recorded in the body of this report in
tatular forme In the following chart, degeneration or pypoplaéia is
recorded numerically from ons %o four, the larger numbers indicating
increasing severity nf the reaction. Regeneration in turn is recordsd
in the same fashion with the larger numbers indicaﬁing more coaplete
return to the normal state. 4dditional data on the monkey are ape

pended for comparative DUrpeses.
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Q 5 Days Following
Exposure Bone Marrow
e 17 = 18 days
Human Hypoplasia 3
Hegeneration 0
Dog " Hypoplasia ¢
: hegeneration 0
Rat Hypoplasia 2=3
Regeneration 0-2
Honkey Hypoplesia 2-3
Regeneration O
28 days
Buman Hypoplasia 2
Repgeneration 1
Dog Hypoplasia 1
kegeneration 2
Rat Normal
Monkey Regeneration 3-4
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s
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&
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Monkey

Normal

? erythroid

elements
" Normal

Hormal

‘e 44 -

Site
Lymph Hede

Hypoplasia 3
Regeneration 1

Hypoplesia 2
Regeneration 2

Hypoplasia l-2
Regeneration 2-3
No data
Hypoplasia 1
legeneration 1

Hypoplasia 1
Regeneration 4

Normal
Hypoplusia 1

Regeneration 3

Hypoplasia 2
Regeneration 2-4

Normal

Normal

: Szleen
Hypoplasia 3
Regeneration 1

Hypoplasia 2
Regeneration 2

Hypoplasia 1-2
Regeneratiom 2-3

iypoplusia 3
Regeneration 1
Hynonlasia 1

kegeoneration 2

lypoplasia 1
Eegeneration 4

lypoplesia 1
Hypoplasia

Regeneration 3

Hypoplasie 0-2.
Regeneration 2=4

Hormel

1 Hypo;:la.sﬁ

Degeneration
Degeneration
Deganerétion =3

Impature

Degeneration i=%
Degeneration 1
Degeneration 1-2

Imature

Degeneration 4

Degeneration 2

Immature
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Preliminary Report Of Findings Of

Atomic Bomb Investipabing Groups At
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RELIUINARY REPORT OF FINDINGS OF ATOJIC BB INVESTIGATING
' GROUPS AT HIROSHIMA AND NAGASAKI

D 63 3 o £ 60 B rE S Y 63 6D 65 09 60T R oD &

Introduction

This report is based upon a preliminary evaluation of the data
obtained by the atomic boab luvesbizating groups at liiroshime and
Nagasaki and upon impressions gained while doing the work. It con-
tains some preliminary tables snd some general conclusions which may
be altered when a detailed aaalysis of the data is completed.

The deta obtained fgll generally into three distinct categories,
which are, however, interdepsndent, and these are reported in three

. gections. '

Section I, iledical report. A description of the effeots of the
bombings on the inhabitents of the two cities is given with a discus-
sion of what caused the variocus effects insofar as this could be deter-
mined from the findinzs of this groupe

Section II, Radioactivity measuraméntsa Measurements of the in-
tensity of radioaetivity 8t the time of thne investigation with de-
lineation of the areas showing activity are shown on plots and the
methods of counting and the sipnificance of the findinge related to
the effects on patients are discussed. i

Section IIl. Damage sstimates. Estimates of the various degrees
of atfucturax damage in the two cities is shown on gone maps and the
relation of these Tindings to physical injuries of patients ie discussed.
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SECTLON I. MEDICAL FINDINGS I[N HIROSLIA AND NAGASAKI.

A, Purpose of study. To determine the actual effects of the atomic
bonbs on the people of liroshime and Nagasaki, and, insofar as possible,
to determine to what the =ffects were due and how many psople were injured.

B. ilethods. ilost of the date were derived from the following lines
of investigations

l. BExamination of patients still living.

2. Analysis of records of patients who had died or were not
avallable for exemination for other reasonse

3. Autopsy material.

4. Tabulations of data and opinions of Japanese investigators
l who had studied the earlier pationts.

C. Results. The results are ziven in the following paragraphs:

1. Symptams and laboratory findings. The symptams and labora=
tory findings in patients at liiroshime end Nagasaki fall into two general
groups. The first group includes the immediate effects due to burns and
other physical injuries and will be discussed under F below. The second
group of findings began after a latent period varying from 3 to 30 days.
The important symptoms and physical findings were epilation, severe ulcera-
tive lesions of the mouth ang throaet, hemorrhapgic manifestations including
petechiae, severe gastrointestingl srmotons, and rapid and extreme emecia-
tion. Deaths cocurred throu-hout a ;e;‘iod extending from 1 week to 2 months
after the explosion with theu[;reates‘b number ocecurring about 1 month after.

. The important laboratory fimdings related primarily to disturbances in the
hematopoietic function manifested by leucopenia, anomia, and thrombooyto=
penia. The most striking fimings at autopsy were signs of destruction

. of the bone marrow and the lymphatics, ulcerative lesions of the colon and
rectum; and signs of hemorrhage throu{ghout the viscera. In these cases in
general, the earlier the symptoms appeared the more severse was the case, .
and on this basis they can be di.?idled into three gZroupss The details of
the symptoms, 1uboratory data, and eutopsy findings in patients cf these
three groups are shown ip Tabls T\ o b, Al 2. .
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Table I,a.

Symptams in Patients showing Delayed Effects.

Day :
after dost Severe Hoderately Severe Mild
explo= (Patients usually with- ki
sion in 1.0 Km. of center) (Between 1.0 and 1.5 Km.) (1.5 to 2.5 Km.) i
Lo 1. Nausea and vomiting l. Nausea and vomiting
Qe after 1-2 hours lasting after 1-2 hours lasting
Sa 1=2 days. 1=2 da.ys.
4o ol LaTENT FERICD
6o 2. Bloody diarrhea
6 de Vomiting
7. 4. Faver LaTENT PoRICD
8o S Rapid emaciation.
9e Death
10 (Lortality probably
1l 100%) Z. Beginning epilation LATENT PERIOD
12» progressing until death
13 _
14,
15.
16.
17,
18, d. lLoss of appetite
=y and general malaise. ""T"'E'ilation v,
200 4, Faver » Anorexia and
ele N0 S¢ Herpetiform eruption malaise
22e about mouth and on 5. Sore throat .
25. buccal mucus membranes 4o, Pallor
) progressing to necrotic 6. Petechiae
kR stomatitis with hemos 6. Piarrhes
ik, rrhagic pingibitiss 7, doderate emscias
il ¥ 6. Pallor tion
gg' 7. Petechise,blocdy
;i diarrhea,epistaxis,and (Recovery unless can-
B9s hematemesis. plicated by previous
A6 8. Rapid emaciation poor health or super-
Death imposed injuries cor
(Mortality probably 50%) infections) frerd
DECLASSIFIED UNBLASS;H{B

Authoriw% ?

illlIllIllllllliiiiIIlL--______;




Authority o DAAOCST

DECLASSIFIED

Leboratory Findings in

Table I,b

.
e ) &3

S

Potients Showing Delayed Effectis

MODEHATELY SEVERE

Bone Marrow

Colon and rectum

Testes and
ovaries

Other viscera

Lymph Nodes

Grossly normel
Early degenerative
changes.

Neorotic
nlceration

E

Terminal changes

LR B N B

Myoloid degenera=
tion

Necrotic ulcera=-
tions
Hemorrhage

Atrophied

Hemorrhage

toderate hyper-

Day of .
PINDING 08T ZEVERB leboratory determination HILD
3rd=5th 20-30th 30th=-60th
Leucopenia Kodserate Extreme Jdoderate
Anemia None Aoderete Severe
Thrombocyto-
penia None Extreme Moderate
Hematuria None Frequent Infrequent
Zanle 1,0
Autopsy Findinge in Patients Showing Delayed Effects
MOST SEVERE MODERATELY SEVERE W ILD
General aspect Emecilation Emaciation Emaciatiop
Petechiae Complicating
Epilation findings (burna,
atce )
.izlouth and pharynx  Ulcerations Ulcerations Swelling and
; edema

Myclois regenera-
tion
Erythroblastic
degensration

General hemorrha=-
gic findings

Atrophied

Complicating finde
ings (malnutri-
tion; chr.dis,etc.
worms )

No change

{" ‘ lu‘«'&:r v;ll'.\‘u" 41BN ]
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2., Cause of symptoms. That these symptoms and findings were pri=-

marily due %e rediation was oconcluded frem the following:

e. The thaoretical calculations predicted an instantaneous
discharge of high ensrgy gamma rays and neutrons below the point of detona-
tion whioh would have been  expected to cause ssrious biological effects.

bs The symptoms and findings were those which would have been
predicted from animal experiments amd from known toxic effects encountered
in eclinicel therapsutic apolicution of radiation.

co The existence of e definite latent period before the onset
of symptoms and the correlation between the length of the latent period
and the severity of the symptoms as snown in Table I,a, strongly sugpested
that the symptoms were due to radistione

- @s Induced radicactivity had been detected very near the center
of the explosion. This could be attributed only to the efiect of neutrons.
Table IL shows such induced radioactivity in bone phosphorus and the rela-
tion of its intensity to the distanse from the centers

TABLE II
Activity of P in Bone. (Hiroshima)
’ No. Distance from Beta raxﬂniq/@m. of ash®*
center Km. x 10%

14 0.00 , : 20.3.
2o Q.17 ' 24.6
3. 0a25 1609
4. 0.58 | 4.8
Se 0.60 ’ 0.128
6e 0.70 0.051
7' 1028 o=

8. 2,00 o
, *1 gne of ash corresponds to 8.4 gne of bone.

(D“ta_frOm Dre Koit] Murati, Nuclear Research Laboratory,
Institute of Physical and Chemical Research, Tokyos)

Ss Evaluation of symptoms. Of the symptoms and findings described,
those which in themselves can be considered to be due to radiation are

epilation, leucopsnia with its accompanying symptoms, and thrombocytopenie
with 'its accompenying hemorrhagic manifestations. These effects are due
almost wholly to the gamme radiation. The additional role that neutrons
may have played in the producticn of these symptoms can not be ewvaluated
from the data. Any additional information on the biological effects of
radiation which may be fortheoning from the data obtained must await more
detailed enalysis. ¢

4. Evidence arainst effects from persistent radicactivity. That
the symptoms frum radiation were due o the instantansous 4 scharpge of high
‘energy perticles and not to any persistent radioactivity deposited on the

NCLASSIFIED
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vound was &lso concluded {rom several facts.

_ 8. Theoretical predictions indicated that the height above
the ground et which the bomb was deotonated would not produce any dangerous
amounts of persistent radicactiviiy. :

be The amount of radionctivity on the ground determined at the
time of the sbudy was very small and was not sufficient to account for any
hermful amounts having been present since the explosion. This is more fully
discussed in Section II of this report.

¢= No persons coning into the areas after the explosion were
found who showed any signe or symptoms of radietion effects.

These facts also apply to any effects from radiocactive particles
soatitered along the path of the cloud. :

2 5. Distribution of patients showing effects of radiation. Tdble III
. shows the relationehip between the distance from the center of the explosion
end the occurrence of epilation and hemorrhegic diathesis.

sable o2

ARelationship'bhtween Distence from the Center of the Explosion and the
Oocurrence of Lpilation end Hemorrhagic Diathesis. (Napasaki)

Distance from Fo. of
the center © Cages Peroent
8.5 Km. o0 - 11.3
1.0 43 40.6
1.5 32 3002
2.0 5 4e'7
3.0 ' 10 9.4
. 4.0 oI 2.9
4.1 and over 2 1.9

Total = 107

It ie epparent that the majority of surviving cases showing the symptoms
and findings due to radiation were between 1.0 and 1.5 ¥m. fram the center
at the time of the explosion. There were few cases studied who were within
0.5 Km. of the center since most of these must have died soon after the ex-
plosion. From the Japanese data there may be evidence that patients in
Napasaki as far away 6s 4.0 Km. did show effects of radiation.

6. Additional effects.

a. FPhysical injuries. Physicel injuries other than burns in-
cluded fractures, lacerations, contusions, and similar effects such as would
be expected from blast directly and from the .crumbling buildings and flying
debris caused by the explosion., There were evidences of such injuries at
least as far out a8 5.5 Km. from the center. See Section III of this report,
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be Burns. The burns were of two types. The former were fire .
burns of the usual Tjpe. The latter, which comprised the majority of the
burns, however, were distinctive in sevaral respects. That they were due
to infra-red reys vas concluded from the feollowing:

1. Clinically they resembled sunburns more closely than
ordinary fire burns. :

. 2« They were sharply delineated by lines representing the

" border of bare skin areas, end they'were limited to those areas which were
facing the center of the explosion. For instence, a patient who had been
walking at right angles to a line drawn between him and the center of the
explosion and whose arms were swinging might have burns on the outside of
the arm nearest the ceanter and the inside of the other arm. f

3. Patients who were quite close to the center and who had
on white and black striped clothes, may have had burns of the skin only in
those areas under the black clothing. ' ‘

. 4. ilany patients rocuvered wiki. as much as 2/3 of the total
8kin area so burned, which is most unlikely with ordinmary burns if the burns
are deeper than lst degree, and is further evidence that these differed from
the usual type of burns. ;

The majority of thess burns were classified as second degree burns.
They healed slowly, bu® without sloughing or many instances of secondary
infection. -The patients showing them were most frequently near the center,
but with decreasing frequency and severity, they may have extended out as
f%r.ns 4.0 km. There was ample evidence of similar burning of physical
objects.

T. - Relation of other injuries to effects from radiation. The eva~
luation of sME%@WMHm@d by
the occurrence of the otherp types of injury described. The majority of
?atients who shwwed effects of radiation also had burns and other physical

. injuries since both types of injury occurred more frequently in persons near
the center of the explosion. This is shown in Table IV, in which the de-
pression of the leucocyte count can be considered as & measure of the ex-
tent of injury from rediation.

Table IV

Relationship betwsen Leucocyte Count and Occurrence of Burns and
other FPhysical Injuries.

WeBeCo Uninjured Burned Other physical
! injuries
I T5 N AL i

500

1500 0 2 0

2500 3 1l 10

3600 9 0 8

4500 2 2 12
- 500 10 3
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WeBolo Uninjured Burned Cther physical

- SR e n W n . injuries
6500 g ] 6
7500 13 . 3 6
8500 9 2 5
g500 5 0 0

8. Ireaiment. Treatment of the burns and other physical injuries wms
done by the Japanese by orthodox methods. “Despite the inordinate number of °
petients and the poor facilities due in part to the gross destruction of medi- )
cel installations, these injuries, and particularly the burns, did very well
with very little infection in spite of the unbelievably poor conditions under

which some of them were beinz trested.

Treatment of thoe radiation effects by the Japanese included general
supportative measures such es rest and high vitamin and high caloric diats,
Parenteral liver and caleium administration, thrombin preparations, and blood

. transfusions weére used to combat hemorrhage. Parenteral vitanin preparations
and pentenuclectide were used by imerican Army Medical Corps officers after
thelr arrival. No definite effect of these memsures on the course of the
disease could be demonstrated. The use of sulfonamide drugs by the Japanese
and of pemicillin by the American physicians k_xmioubt‘.e,dly helped control
suparimposedjﬁection, o Oogojoeane o ot Bl gws ARsvoeonn Bpger of Xnoodaen

el AAA s lli s ;?:Fi\hab s0%un, 5&4 EAAAATA, e -L,Lu:.,( I(C o,ki-,-ur.“j;c‘

9. Casuality éstimations. = The total mumber of casuelities with the
percentage of deathe and the distrilbution of the casualities and death, parti-
cularly in relation to the effects of radiation, can only be roughly estimated
et the present time and may never be accurately knowm.

a. Total casualities., . cousiderable proportion of the people
known to have been in the two cities at the times of the explosions cannot be |
accounted for. iany of thess were probably killed outright and not identified,
but a large number mey have found their way out of the cities, and there is no

. record of them. Death certificates are not routinely kept in Japan, and the
vital statistics in general are not very complete. Irom what was found, the

best estimetes for total Casuelities in the two cities at the end of September
were as shown in Table V, :

Table V

Casuality Estimates

City Total present at Dead Hounded
Lime of explosion e

Hiroshima 400,000 86,000 112,000

Nagasaki 270,000 40,000 50,000

be Statistics or pati ing effects of r
: patients show effects of radiat o
totel number of patients who ation. The

showed radiation effects and the percentage of
these who died is even more difficult to estimate. An inherent defectgin
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this information which can never be overcome is the fact that meny patients
wore killed immediately or died from other injuries before they had time to
develop symptoms due to radiation. Records were not kspt on the ma Jority
of the patients and meny of those which wers available were incomplste.
This is particularly true of -the records of patients adnitted to the
hospitals and who were discharged after thelr burns and wounds were healing,
but before they developed symptomeé due to radistion. Attenpts To compare
the amount of radietion received is made particularly difficult by the inae
bility to estimate the amount of effective shielding in individual cases
and this differed in general in the two cities. With ell of these qualifi-
cations, and if one considers only tiose patients admitted to hospitals in
the two cities, it can be estimeted that of approximately 4000 patients ad-

mitted to hospitals, 1300, or 33%, showsd effects of radiation and of this
number approximately one-half died.
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SECTION II. INTENSITY OF RADIOACTLIVITY FIUND IN AND AROUND
HIROSHILIA AND NAGASAKI

.Ao Purpose of study. To ascertain the presence of residusl radio-
activity in and around the bombed cities and to evaluate this activity in
relation to possible physiological effects.

B. Instrumenis. Porteble counters (Geiger=liueller Typse) with ear
phone attachments were found to be the most practical instruments for this
work. Landsverk and Wollan electroscopes were also used. Direct reading
jonization chamber instruments were available but none were sensitive
enough to detect the low intensity radiation present.

C. Calibration. The instruments used were calibrated azainst known
radium sources brought for this purpose. The cairibrutions were performed -
before eny readings were obtained and twice during thelr two weel period
of usee.

D. lonitoring. lonitoring parties ccmposed of physicians and techni-
cians trained in this work explored the rubble of the bumbed cities on foot
and along roads into the environs. Resdings were mede by all in a presori-
bed manner and recorded. Water sheds and places of habitation in the vieci-
nities of the town were investigated.

E. Results. The plots.of radiation intensities are presented in the
form of equi-intensity lines on the ascompenying maps of the two citiess
Fig. I, Hiroshime; Figs. II and IIT, Nagasaki.

F, Discussion. From a study of the results obtained, several salient
features are seen.

l. In each city there are two distinct areas of low intensity
radiations '

a. One beneath the point of detonation

be Another seperated from the first by sseveral kilometers.
These areas can be correlated with the wind directions
reported directly after each bombinbe

2s Although the intensity of radiation is quite low, it is measu-
rable with the very sensitive instruments used. From these measurements,
simple calculations yield the highest radistion intensities which were pre-
sent at any time after the baubings aud wleo the total amount of radiation
which would have been delivered during the wiole period following the bamb-
ings. If the highest reading in eamch city is taien, the results of such .
caloulations are shown in Table I.
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Table 1

City Highest Reeding Highest Intemsity Total Radiation
mr/hr date r/hr time . i days

Hiroshima 04 - 6 Oot 45 0.576 0815 4.17 60

6 Oct 45
Nagasaki 1.8 28 Sept 45 2002 1230
: 9 Aug 45 14.2 €7

. If we consider thess intensities from a physiological standpoint,
it is quite obvious that the residual radiation alone could not have been
detrimental to the health of persons entering or living in the bombed areas
after the explosions. Although "tolerance" is axceeded slightly (tolerance
being defined as the emount of radiation a human being can take day after
day indefinitely without influencing the course of his life or producing
residual or latent effects), the total amount of radiation is so small and
fells so rapidly that it is soon ineffective. This was confirmed by the

. fact that no one entering these areas af%ter the explosion was found to suffer
effects from radiation. (See Section I-D)

4. The measurements performed were in the main for gamma rays. -
These are the most panetratin{; type aud the mnost important from the stand-
point of general bodily reactions. lleasurements of beta rays were also made
but were not calibrated because of technical difficulties and inaccuracy.in
evaluating the readings. Alpha ray measurements in the field are almost
impossible for ‘he same reasons and their biological importance in these
conditions is practically mil. No alpha radiation was found with the pre=
liminary meesurements. Themfore after spot checks were made for beta and
alpha radiation (which were within the expected limits) the gamma radiation
was concentrated upon as the most practical measurement from the technical
and physiological viewpoints. There is no possibility that there would be
any persistent neutron activity.
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SECTION Iil. PRYSICAL DAUAGE TN ZINOGLlil abd naCGASAKT

Ao Turpose of study. To cobserve and record residual evidences of
physicel damage in the bombed cities and to evaluate these observations in
relation to physiolegical effecths.

Bs biethods.s Army enginsers and civilien physicists in both cities_
observed, photogravhed, and collected specimens for later tests. Statistiecs
as to the number of buildings and types of construction were obtained. In
the main, the physical damage will be reported under separate cover, but
the effects of blast, flying debris, primary and secondary fires, and shield-
ing from radiation are importent from the cesuality viewpoint.

Co Results.
l. Zones of various degrees of damage with an explanation of the
type of demage are shown for the two cities in the attached maps; Fig. I,
. Hircoshima; Fig. II, Napasaki.

2. The destruction of buildings and houses in Nagusaki is shown
in Table I, compiled by Nagasaki Municipality.

TABLE I

Destruction of Buildings and Houses in Nagasaki

Number - Percent
Total in Nagasaki (before bombing) 50,000 100,
Blasted (not burned) 2,652 563
Blasted and burned 11,494 230
Blasted and/or burned 14,148 2803
Partially burned or blasted 6,441 10.9
. Total buildings and houses destroyed

or damaged 19,5687 39.2

Undamaged ! 30,413 60.8

8o The following observetions on the effects of the type of builde
ings on the casualties were obtained.

a. Wooden buildings. A very large portion of buildings severe-
ly demaged by blast were of wood construction, with tile roofs, typicel of
Japanese architecture, Nearly all of these buildings near the center of the
blasts (prineipally dwellings and small factories) collapsed and burned.
Casuelties sustained by occupants of such buildings were mainly from se-
oondary concussion (effects such as flying missles and falling walls and
from fires.) Even though these buildings were of very light comstruction,
persons in them were protected from the effects of infra-red and ultra-
violet rays, unless they were situated in front of open windows or doore
whys. On the other hand, persons standing in the open at as great a distange
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as 3 kilometers from the center of the explosion received “flash burns" to
their exposed skin. Very little shielding from high energy radiation was
provided by this type of house, however. Also in periphery of the damaged
areas, secondary fires in these wooden houses were easily set by overturned
charcoal stoves, short circuited electrical wiring, and direct spread of
the conflagration.

be lMasonry buildings (brick and stone). A few small factory
buildings were of this type of comstruction. Nearly ell of Them situated
in the blasted arems were collapsed and the occupants of such buildings
suffered frum injuries of the same neture as did those in wooden type dwell-
ings. These walls, althouzh thicker than the wooden frames, did not prateat
appreciably from gemma and immediete neutron radiation.

o Structural steel frame huildingé with corrugated iron or

7 e 3 s

.aSb”t“ roof and siding. This btype of buliiding housed most Of the workers

in large factories. Near the centur of the blasi, the frames were twisted
and bent, a few were collapsed, but the heavier {rames were only slightly
injured, Injuries %o occupents were almost the same as with wooden buildings
except that fewer were totally crushed and burned.

do Raeenforced concrete buildingse. While damage to buildings
with heavily reenforced concrete frames was severe, the frames themselves
were not destroyed and consequently such buildings did not collapse.
Although lethal casualties were less in this type of building, serious in-
Jury was sustained by occupants from the effects of falling false ceilings
and migsles of metal, wood, metal~lath, plaster, and glass. This was the
only type of structure which per se offered effective shielding against
| gamma redietion. Shielding azainst lethal amounts of gamma radiation was
effected by ceilings and walls of reonforced concrete 6-7 inches thick at a
distance of 1.2 Kmo from the center; while pgrsons in adjoining buildings
with corrugated iron or asbestos roofs and ceilings were definitely injured.
.Via.lls and ceilings of concrete 4 inches thick provided effective shielding
8t a distane of 1o75 Km. from the center. FPersons in such buildings standing
in exposed situations were injuregq by the direct effects of long and ehort
wave length radiations. The interior of these bulldings were almost all
completely burned out from secondary fires.

D, Discussion, Although the 'fects of the two cities
Ttant physicel demage effects o
and their resultant casuslties were ggnarally enormous and similar, there are

total casuslties suffered were greater in Hiroshime than in Nagasski. Reasons
for this are the following;

1? The bombing point or target at diroshima was in the center of
the oity whioch was geographically situated on a wide flat delta. The point
of impact at Negasaki was in the center of & narrow valley.
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2. Hiroghima was composed mainly of Japanese type houses of
wooden construction. The area bombed at Nagesaki contaired large steel
factory buildings and concrete buildings of moderu construction.

d. Just previous to the bombing of Hiroshima plans were being
made for the evacuation of unnecessary persons. The day of the bombing
40,000 extra people were brought into the center of the town for instruc-
tions on these evacuation plans. One week before the bombing of Nagasaki,

such plans for the evacuation of unnecessary persons had bsen carried out
and the population in the bombed areas had been reduced.
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SUMAARY

The primary purposes of the atomlc bomb imvestigating group sent to
Japan by the Manhattan Engineer District were:

1) To protect cocupation forces frum exposure 4o radiation if any
significant quantities of radioactivity persisted after the atomic bombings
of liroshima and Nagasaki; ‘

2) To investigate the Japanese reports that people were being harmed
by "lasting effects” of the bombings; and

3) To gather informetion and. date ons
e. The existence, if any, of persistent radloactivity;
. bo The biological effects of the atomic bombs, and

co - General factors concerning physical danage and casualty estimates
insofar as they related to the above.

The answers to the questions involved are presented in this prelimimary
report. The ochief conclusions fram it are:

1) No harmful amounts of persistent radicactivity were present after
the explosion es determined by: :

a. lMeasurements of the intensity of radiocactivity at the time of
the investigation; and

b. Failure to find any clinical evidence of persons harmed by
‘orsistent radiocactivity.

2) The effects of the atonic bombs on human bsings were of two main
types: ,

a. Burns end other physical effects expected from large-scele ex=
plosions but exceptional in regard to the large area (14.3 sguare kilometers)
over which they extended and in regard to an unusual type of burn due chiefly -
to infra-red radiation;

b. Delayed effects which indicated effects fram radiation.

3) The effects fram radiation were due to instantanecus discherge of
radiation and not to persistent radicactivity.

The opinions expressed in this prelimimary report are not in any sense
finel., For the most part they represent fairly unenimous opinions of those
who took part in the investigation. The final results will be derived from a
detailed analysis of the data obtained. :
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Appendix I = Report II

‘ Oculer Injuries Produced By The Atomic Bombing

A% Nagiasaki
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John J. Flick, iajor, M. Ce
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At the time of the visit to the atanic-bembed sreas at Hiroshima and
Nagasaki for the purpose of meking & casualty study it wes enticipated that
some pathologic changes would bLe found i the eyes of those survivors who were
near the site of the expldsion. It was known that a large amount of light
was produced by the explosion and it could bs assumed that sone detectable
damage to the tissues of the eye might result. To the present date, 6 Uctober
1945, no primary damage to the ocular structures has been observed that could
be interpreted as the result of irradiation of any sort. The president of
the Hagasakl Medical College, Dr. Yamane who himself died two weeks after
the explosion from irradiation sickness is said to have treated a nuaber of
patients with purulent conjunctivitis occurring 8 or 4 days after the blast
and lasting about a week. These lesions ell resolved and did not involve
the cornea or leave any permenent sequelae. No bacteria were found in the
discharge. No evidence of such a disesse was found by us and no patient
questioned by us gave a history of such a disease. A number of patients
with flash burns of the face, who must have been facing the exploding bomb
were examined under a mydriatic at one of the hospitals in iliroshima. No
opacities were seen in the lens and no changes were present in the conjunctiva.
The flash burns seemed to spare the eyelids in many instances as if the
tight closure of the eyes had occurraed quicily enough to hide that area of
skine Same pationts were seen who had lost their lashes. 2lthough epilation
of the eyebrows was rara.

Lesions arising from the secondary efiects of the explosion are di-
vided into three groups: mechanical injury, thermal injury, and irradiation
injury. Lesions caused by mechenical factors differed in no way fram those
produced by other agents of warfare, such as bullets, fragments, and shells.
Among those noted were penetrating injuries of the globe, leucome of the
cornea, traumatic cataract, various deformities, including ectropion, anky-
loblepharon, symblepharon, detachment of the retins end various syndromes
involying fracture of the skull ang walls oi the bony orbit. ilany ambulatory
casualties were seen on'the streets wearing eye patches.

Flash burns were pigmented and sssumed & coppery colors There were
large numbers of patients who exhibited extensive facial burns of the
ordinary type with much dense cicatrix. These buras in same instances had
involved the conjunctiva and cormea to such en extent that the red, lacri-
mating eyeball had only slight movement and seemed sot in a dense mess of
contracting scar.

Lesions essociated with irradiation offects were limited to the
retina. They consisted of hemorrhape and exudation. Of the patients ex-
hibiting these retinal leSiOHS, 75 ;ar cent had one or mare of the other
clinical signs of irradiation. 0f 37 pationts whose leukocyte counts were
available, 28 or 75.7 per cent gave figures at some time of 4,000 per cubic
centimeter or below. Histories taken of natients presenting eye lesions
nunbered 46, comprising 42 from the Nagas;ki area and 4 from the Hiroshima
area. There were 23 patients under 25 years of age and 23 patients over
25 years of age. Of the four clinical signs found to be typical of radiation
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reaction, namely, petschiee, gingivitis, engina, and epilation, the group
urnder 25 yoars of age had an aversge of 1.52 while the group over 25 had

an averayge of 1.22, a difference of sbout 20" per cent. This tends to throw
light on the relationship of age to sensitivity to gamma Irradiation.

All of the patients in this study were within 2 kilometers of the
center of the explosion. OUf 41 paticnts where the information could be ob-
tained, only 8 or 18.5 per cent were outside of a building at the time of
the blast. In these it must be assumed that some intervening ebsorptive
material, i.e., concrete, must have protected them from jamme ray dosages
that would certainly otherwise have caused them to die before our investi-
getions began. Because of this unknown amouvat of shielding in aeny ziven
cese, it appears thet a correlation of the distances from the explosion with
the quality and intensity of the pathologic effects is impossible to compute
in spite of the fact that doses received through the eir by persons at equal
distances were probably the same. It is evident, then, that in the case of
any given patient at the time of our investigetion we knew only that he had

. received & dose of irradietion that wes either sublethal for him or lethal
with & longer lastent period than other cases had shown under similar circum-~
stances. As noted in some of the cass nistories, serial leukocyte counts
made by the Japanese before our arrival indicate that the depth of leukocyte
depression probably took pla.ce near the f{irst week in September in the patients
alive and aveilable for our clinical appraisal at the time this survey was
made. The leukocyte counts recorded on the patients have no correlative value
with the eye lesions and indicsts simzly the predaninance of leukopenia in
these instances.

The lesions cbserved in this.disease appeared in the retinal tissues
and were limited to that structure and to the nerve fitre layer es it over-
ley the nerve head. The hemorrhages were of four types. In order of fre-
Quency there were: flame hemorrhage, pre-rétinal hemorrhege, "Roth" type
hemorrhages, and vitreous hemorrhage.

k Flene hemorrhags, of course, is situated in the nerve fibre layer of
. the retina. It is caused by the rupture of capillaries in thet layer and
the infiltration of cellular blood elements between the nerve fibres. These
lesions wers very mumercus, bein: seen in 25, or 54.3% of the patients. They
were nearly elways situated close to the nerve head, never farther than 3
disc diemeters distant. Some of the flame hemorrhages were very dense end
had a deep maroon color while others were a very pale red, only slightly
darker than the uninvolved retinal tissue and underlying choroid.

The term "flame hemorrhage" is used in this study to refer only to
those lesions in which the rellexes from the intermsl limiting membrane re-
vealed no change in level as they passed over the lesion. The location in
the nerve fibre layer was often st}ikingly denonstrated by the extension of
the lesion continuously onto the disc itsolfs Some of these took the form
of narrow, splinter shapes often bolng situated parailel to and very close
to a large vessel.

Pre-retinal hﬁmorrhage occurred in 11 or 23.9% of the patientS.
These seemed to be a grogss development of the flame hemorrhage in which the
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blood had leaked into the subhyaloid spece producing an elevated, rounded
hematome immediately adjacent to but not imveding the vitreous. These
lesions were often quite large (see drawing), and had straight-line borders
due %o sedimentation of the red cells. The surface of the hematoma was
smooth and convex as determined by the character of the reflex. The granuler
appearance of these masses of blood was abtributed to clotting which may
have taken place. The distinguisliing opitlaluoscopic features of these
lesions were their extremely sharp margins and the tendency to form horie
zontal, straight-edged upper margins. The serum of the blood could be dimly
seen above the straisht edge and waes usually clear enough so that underlying
retinal vessels could be seens.

A rether unique type of henorrhaze was observed in this study. It
resembled nothing so much as a Roth spot except that it was larger. These
lesions were noted especially in 4 or 8.68 of the patients. They were larger

.than most flame hemorrhages and were elmost invariably seen overlying e large
artery, a branch of the first order. The portion toward the disc was smoothly
and sharply outlined while that away fran the disc was brush-like. The
color was deep maroon and the lesion showed elevation of the retinal surface.
Somewhere on the lesion, usually in the distal portion, was an irregularly
round white area about § of the diameter of the lesion itself, (see drawing). -
The pathogenesis of these spots could be made out from a study of the
hemorrhage forming in association with exudates, (vide infra).

Vitreous hemorrhage was noted in two instances. There was an infil-
tration of the vitreous body itself by blovod which had burst through the
hyaloide The view of the fundus was elways more or less obscured in this
type of hemorrhage.

Exudetion into the retina was a most common finding in these patients
(30 or 65.2%). They took the form of round, snow=white, slightly elevated
lesions always within 3 disc diameters of the disc itself and were sometimes
‘extremely numerous, 40 or 50 being seen in a single eyeground. The spots
were scattered in random fashion over the polar zone of the retina without
any reference to blood vessels. In souc of the patients, however, it was
noted occasionally a lesion situated pesr an artery would show a fine fringe
of hemorrhage about its borders, particularly its psripheral or distal border.
Some were seen in which this hemorrhage became large and camé to surround the
exudate. This led us to believe that such e hemorrhage about an exudate
could dewelop into a hemorrhape of the so-called "Roth" type described above.
The morphologic variations noted in these exudates were rather marked. The
most common type was, as deseribed, round and smoothly elevated with a feather-
ed margin indicating that it was an involvement of the zone of the neural
fibre. Elongated forms were also seen and a peculiar zig-zag formation in
which the extension in length was in a direction perpendicular to the direc--
tion of the nerve fibres composing the lesion. Also in these the area of
exudation would be not everywhere equidistant from the disc, producing a
Z-ghaped figure. In some cases this development bscame 8o marked that these
oxudates formed one or more rings or wreathes partislly surrounding the
dise, Subsequent observation of the lesions showed their borders becoming
8harper as they absorb, in contrast to & hemorrhage in which the borders
became more indefinite and irregular as ebsorption orogressed.
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residue of an old exudate is a small, waxy yellowish, sharply outlined
placque associated with several much smaller satellite spots. In some
instances rather large sharply outlinsd greyish speckled arsas were seen
surrounding & large artery. These could very well represent residual
atrophy from absorption of ons of the larger hemorrhagese

No changes were observed in the optic discs nor were any pathologio
changes noted in the vessels themselves. Generalized retinal edema was &
very common accompaniment of hemorrhuges and exudetes so that if edeme was
present a seurch for local lesions was pursued more intensively. ’
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Cese No. ls 22, female,

This patient was dressed in a blue, one piece suit with long trousers
and getas, no cap, and was in the litsubishi Weapons Factory, 1 kilometer
from the center of the explosion, inside a concrete buildings She suffered
no burns or wounds. OUne hour after the explosion she vomited. The nausea
continued for 2 or 3 days with loss of sppetite. Begimning 13 August, there
were frequent stools without blood. ©Un 26 Aurust, the hair bezan to fall.
Throughout the entire first week of September she had sore bleeding gums,
nose bleeds, and fever with tonsillitis. Since 15 September, she had com=
plained of poor visioun in the right eye. The last menstrual period was on
4 August, after which there was no bleeding until 25 September, when bleeding
commenced and had continued unabated to the present (2 October). On 24
September, the leukocyte count wss 8,600 and the sedinentation rate was 50
for the first hour and 64 for the second hour. On 14 September, ophthalmos=

. copic examination was done and the following description recorded:

“Exemination of the ocular fundus of the right eye reveals an appre-
ciable amount of retinsl edema generally and particularly pronounced around
the macular region. The veins and erteries are full and of good color.

There are no pathologic changes in the optic disc. In the right foveal re-
glon is a deep red, pre-retinal hemorrhage ¢ DD in size and laterally oval

in shape. The lesion shows marked bulging into the vitreous and the borders
are very sharply defined. Above tl.is is a very wuch lurger, though similar
lesion, about 3 DD in size. This lesion is slevated and the lower margin is
very sharp. The upper margin is horizontally straight. The lesion is situa-
ted 1=2 DD fram the papilla. Scattered about in the intervening retina are
numerous small flame=-shaped hemorrhages and several white, fluffy, elevated:
oxudates, particularly on the nasal side. The left fundus shows no hemorrhage
but numerous exudates of the soft white type."

. On 5 October, the following note was made: "There is a large pre-

' retinal hemorrhage above the right macula 24DD in size. There is little
evidence of absorption of this lesion. The pre-retinal homorrhage in the
foveal region shows a moth-emten appearance of the upper temporal margin in-
dicating some absorption. Also it shows & greyish center. One small fresh
exudate with no evidence of hemorrhage arcund it." (See drawing)e

Case Noe. 28. 22, male.

Adnitted 9 August 1945, Patient was at the Ohashi Arms Factory, 1,200
meters from the center. Bleeding of the gums begen 13 September. The falling
of hair began 19 August, and began to grow back 15 Septembere There was fever
and black diarrhea the first week in September, and the patient volunteered
that when he ate hard rice his stool was soft but whea he took soft rice his
8tool was hard. He suffered no burns. On 26 September, the leukocyte count
was 3,000 Ophthelmoscopic examimation on 27 September, revealed in the
right eye many small exudates scattered in the form of @& wreathe around the
disc, no hemorrhage. In the left eye there was formation of exudates as in
the right and in addition a large flans hemorrhage in the lower nasal quadrant
close to the disc. On 6 October, the exudates appeared unchanged and the

hemorrhage in the left retins appesrsa to be wosurblife Sabi
I
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Case Ho. 29. 43, female.

Patient had been standing outside the Arms Factory at the time of
explosion. She was wearing a black kimono with trousers. She received
burns of the left face, left neck, and right hand. Falling of the hair be-
gan 16 August. Patient hud some genital bleeding 14 August, none since.

On 23 August, the leukocyte count was 800, red count 4.04, hemoglobin 55%,
and color index Q.68. On 12 September, the leukocyte count was 4,500,
Ophthalmoscopic examination on 27 September, revealed the right vitreous to
be cloudy with two small, soft, white exudates below the right disec. In the
left eye many small, soft, white exudabes were seen, one of which had a
fringe of hemorrhage about it. On 5 Uctober, there were no lesions seen in
the right eys and the vitreous was clear. The left showed numerous absorbing
hemorrhages of the lower fundus but no exudatee.

. Case lo. 30. 18, female.

‘Patient was admitted on 9 August. At the time of the explosion she
wes in a wooden house at the Chashi Factory. S5he wore a khaki coat, white
shirt, and blue trousers. She suffersd cuts by glass and burns of the right
forearm and wrist. She states that at the time of the oxplosion she wes
blinded and could not see for three days. On 15 August, sheo bezen to run a
fever up to 40 degrees C. and the cuts she had received which had partially
healed became infected. She had sore, bleeding gums during the first week in
September, for one wesk, also a sore throat, nausea, and much watering of
the mouth. The leukocyte count wes 3,000 on 26 September. Ophthalmoscopic
examination on 27 September, revesled in the right eye many whis, elevated,
radially striated exudates up to 3 DD from the disc with one flame hemorrhage
and retimel edema. In the left eye there were exudates 25 in the right with
Several fine splinter-like hemorrhages. On © Uctober, no hemorrhages were
seen in the right eye, but three small exudates were present in the upper

. nasal quadrant. In the left eye one small Zesheped exudate was seen; retinal
edema was much improved.

9&80 No. 31. 18, male.

Patient was at Urakami in a wooden house 800 meters from the center
of the explosion. The upper half of the body was naked, the lower half
covered with a blanket. He received Lurns on thue fece, right chest, right
erm and hand. On 1 September, he suffered an infection of the right wrist
with much swelling. On 26 September, the leukocyte count was 2,600, On
27 September, one small hemorrhage of the Roth type was seen in the left
lower fundus. On 5 October, no fundus lesions could be found.

Case No. 32. 25, female.

Patient was near Mitsubishi War Plant and was wounded in the falling
building. She wore black trousers, he.lf sleeved, white, blue-striped shirt.
At the time of the explosion, she was 3 monthe pregnant. Abortion occurred
on 1 September. She received multiple wounds by glass. Her gums bled for
5 days beginning 20 September. On 20 September, the leukoeyte count wes
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Case No. 35. 69, male.

Admitted 26 September 1945, having received burns on face, with
bruises end cuts. le wore thin white coveralls. He had a period of uncons-
ciousness on the way %o the hospital. A%t the time of the explosion he had
been 400 meters west of the Ohashi Arms Factory or at a distance of 1,200
meters from the center of the explosion. ie had suffered from weakness and
ringing in the ears since the explosion. For a period of one month prior to
adnission to the hospital he had been suffering from sore, bleeding gums.
From 25 August 1945, to & September 1945, he had had fever which ranged as
high as 41 degrees C. He had had some acute chesh pein associated with
breathing. There was e large slough involving all the soft tissue of the
anterior one-third of the hard palate. On 1 September, the sedimentation
rate was 84 the first hour and 136 the secund hour, the leukocyte count at
that time was 7,200, On 27 September, ophthalmoscepic examination under
full pupillary dilation revealed many soft, white exudates scattered about

.in both fundi and a 8plinter-shaped flame hemorrhape extending onto the
right disc. Re-examination on 5 October, showed no exudetes in the right
eye. The splinter hemorrhage was smaller. There was & small exudate temporal
to the left disc.

Case No. 38. 23, male.

The patient was at the iitsubishi ilezpons Factory in a wood building
at a distance of 2 kilometers. He was dressea in a soldier's uniform. IHe
received no burns but suffered minor cuts and abrasions about the right side
of the face, scalp, right elbow, both forearms, eand right side of chest. le
had a sore throat and nose bleeds for about two days about 8 September. On
21 September, the sedimentation rate was 115 for the first hour and 146 for
the second hours The leukooyté count at that time was 7,200. Ophthelmoscopic
examination on 27 September, revealed one small flame hemorrhage. On re-sxami-
nation on & October, no fundus lesions could be found.

Case Noo, 37 31, mele.

Patient was at the ditsubishi Arms Factory, inside, dressed in all
white clothes, sitting down, at the time of the explosion. Had suffered
from weakness, fever, and falling hair since 17 September, and also had a
Sore throat during tlet time. The pums had been sore end bleeding since 4
September. He received no burns ang only minor wounds at the time of the ex-
plosion. During the first week in September his skin was covered with petechiae.
On 26 September, the sedimentation rate was 142 for the first hour and 163
for the second hour. The leukocyte count at that time was 7,000, On 27
September, meny flame hemorrhages, pre-retinal hemorrhages, and exudates were
found. On 5 October, the followinr~ note was made, "llemorrhages very numerous
in both fundi, both flame ang pre-;etlnal. Thero are a few exudates. There
are several Roth-type spots relatcd to the left inferior temporal artery.
There is one exudate just temporal to the right disc. There are two large
pre=-retinal hemorrhages one related to each of/tie temporal branches of the
right fundus.”
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Case No. &6 3{3'9 femules . et/ 4y

Patient had been inside e wooden house at a distance of 1.5 kiloe-
meters at the time of explosion. ©She was barefooted and wore & black shirt,
short sleeves, long trousers, and she received burns of the left knee, arm,
forearm, and hand. There wore minor wounds of the head, face, and backe
She hus had more or less bloody diarrhea ever since the explosion. She had
not menstruated since the day before the explosion. lier hair hus been fall-
ing since 22 August. The sedimeatabtloa rale on 21 oeptomber was 131 for the
first hour and 160 for the secend hour. The leukocybe count at that time
was 2,000. Opnthelmoscopic exeminatiofn on 27 September, revealed hemorrhage
end exudates, Another examination on 5 October, revealed one exudate nasal
to the left disc and an area of ebsorbed hemorrhage around the proximel part
of the superior nasal artery. lio lesions were seen in the right fundus.

Case No. 39, 49, male.

Admitted 10 August Bi5. He had been at the Ohashi \feapon Factory,
. 1,200 meters from the center of the explosion, standing outside, wearing
- white shirt, green trousers, and gaiters. He suffered burns of the fore-
arms, le™ sids of face end neck. He also sustained a fracture of the left
patella. Since the explosion, he had had two attacks of tonsillitis and
Tever up to 39 degrees C. On 5 September, petechiae appeared on his lsft
Thigho Fram 23 August, till 10 September, he had profuse falling of haire
' Since 22 August, he had had sore, bleeding gums. The following is a table
of serial blood estimations:

6 Sept B Sept 10 Sept 15 Sept 16 Sept 20 Sept 24 Sept

RBC 3.7 343 2.9 2.2 2.2 2.6 3.0
WBC 600 500 700 1100 3400 3600 3000
C. Ind 0.89 00981 0.9 1.2 1.0 0.96 0.96
Bl. Tinme 35 12 12 10 7 8 5
Cl. Time b.16 3.15 3.16 315 d.14 3.14 S

: . HBG 657% 60.9% 507 5555 48% 507% 587

Ophthalmoscopic examination on 27 Uctober, revesled many exudates
scatiered over both retinae, also flame hemorrhages and Roth spots. On
5 October, no hemorrhages were seen. 4n exudate with sharp borders, indi-
cating absorption, was seen in the upper temporal guadrant of the right eye
end below the disc in the left another similar lesion was present.

Case Nos 40. 42, mdle.

Adnitted 9 August 1945:; At the time of the explosion he was sitting,
neked to the waist and wearing khaeki trousers, inside & wooden building et
the Ohaeshi Weapons Factory, 1:200 meters from the center of the explosion.

He had been suffering from sore bleeding gums and his hair hed been falling
'since 19 August 1945, He comnleined of some lose of hearing in the left ear.
Ophthalmoscopic examination 27 September, revealed many exudates in both
fundi but no hemorrhage. on 5 Uctober 1945, the exudates were still present
but were smaller and more wexy with sharper borders and exhibiting tiny
satellite spots as if the absorption in those areas wes not complete. These
changes wWere seen in both fundi.
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2,500, On 27 September, many exudetes and fleme and pre-retinal hemorrhages
were founds On 5 October, the right eye showed & large pre-retinal hemorrhage
below related to the right inferior temporel braanch of the arteria centralis.
There was also a large bulging pre-reotinal lesions medial to the disec. There
were a few exudates in the upper portion of the fundus. The left fundus ap-
peared the mirror image of the right with two large pre-retinal hemorrhages,
ong above and one Lelow. No exudates wers seen.
®

Case No. 33. 30, female.

Patient was in e wooden Japanese house wearing a one-piece coverall.
She was 500 meters from the center of the explosion. She vemited five or six
times on the day of the explosion. On 9 September, hair began to falle On
20 September, the leukocyte count was 2,400 Premature menses occurred on
12 August, and lasted three days. There has been no genital bleeding since

) 2 October. On 27 September, the only ophtihelmoscopic lesion was a broad,

| Authority vDAGO0SE

thin, pinkish, flame hemorrhage in the upper Gemporal region of the left
fundus. There were no lesions in the right fundus. Un 5 Qcteber, the appear-
ance of the lesion was-the same.
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Appendix II - Report I
)
\
.'-( The Effect of the Explosion of the Atomic Bomb

on ths Human Body.

Masoa Shiotsuki
Omura Navel Hospital

10 Septsuber 1945

Translated by: David Fukuda
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1 treated & number of pabtisnts brought Yo the Umure Naval
Hospitel who were injured by the atomic bomb dropped on Nagesaki on
9 Augush '45. I realized thut the unusual efiects, clinicel and other-
wise, could not be solely the result of mechanical forces and thermal
radiation, but also of incredibly strong radiation of another type.
I presumad that when mtomic disintegration occurred, radiation which
might heve importunt effects on the human body could be produced. &
nave accordingly set down my observations regarding the eflecis.

At the time thaut the bBomb was dropped, I was in the clinic as
usual trgaﬁing patients. The 9th of Aupust was & bright sunny dey and
there uad been no rain for several deys. Suddenly I saw a white flash

_something like that of burning magnesium (by some said to have been of
e bluish-yellow color)e I hud hesrd that en unusual type of bomb had
been dropped oa Hiroshima on the 8th of August, and L spent an uneasy
60 seconds until I heard a thunderous roar, as if all of the anti-
gircraft guns in the vicinity had gone off at once. [ then experienced
a sensatlon’ﬂf pressurs. The pressure wave broke many windows in the

*' . hospitale ilost of these were on the northeast side of the hospital,

the side away from the blest. Some panes of glass in interior doors

were also broken. y 5

ihile hurrying outside to en air raid shelter, I kept watching
the sky for enemy planes. I saw a large white cloud in the shape of
en opened umbrella with a pink (or light orange) shadow in the imner
under ?aF?i gradually spreading. Below this were three white para-
chutes dr11t1n5 coustward. e awnited the &ll clear signal with pecu-
liarly uneasy fesling. Figure I, shows the cloud which formed after the
explosion Of th9 atomic bomb., It disappeared forty minutes later.
(Taken by Lts Hihara of the Jupanese Navy, Chief of Pharmacy of the
Omure Haval Hospital, from the rear of the Hospital).

Site of explosion:~ North of Nagasaki at the western end of
2 Ugami (about on the center of a line con-
‘ necting the city commercial school and the
Yanszato Gremmar School. Near Chashi.

Height of explosion:~ 500 K.

Distence from Ursgami:~ Krom Nagasaki to the Omura Naval Hospital
is about 24 Km. (This is the average of
figures given by the fort near the
hospital, Omura sviation Supply Depot,
Uragemi Arsenal, Headquarters of the
Regimental District.)

‘eteorological conditions at noon on 9 August '48s=

wWeathers Clear

Barcmetric pressure: 763.5mm Hgo ¥
Temperature: 28.00

wet bulbs | 21.00

Rel. humiditys 715% {
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About 600 wounded patisnts were sent to the Umura Naval Hospital
between 2000, 9 sugust, and about 0100, 10 August. These were trans-
ported to Qmure Reilroad station by trein, and from thers to the hospital
hy trucks. The eppecrance of the patients on that night was horrifying.
Their heir was burned, their clothes torn to pieces and stained by
blood, and the nuxked parts were all burnsd and inflamed. Their wounds
were conteminated by filth. sany among them hed numerous pieces of
glass and wood projecting froua the skin of the face and back. .eny were
in such a state that they were with difficulty recognized as human
beings. ({(See Figure 2), i

£8 can be imagined, it was an epprlling scene of cunfusion.
Nearly ten hours had passed since the injuries haud been received, and
in spite of their severe injuries, the ma jority of the patients were
gquiet as though in & coliepsed state. lany were covered with black
blobs, which we at first thourht to be coagulated blood from their
wounds mixed wit: smoke from the train. Later, however, we learned that
' after the explosion there hud been a "Black rain™ throughout the eity.
Ths patients were given routine burn treatnent and we finished about
0500, 10 August '45.

Cese 24 (See Figure 3): 25 year old male. lounds of the body
from ricocheting fra ments of glass. 20 August healed; discharged.

Notes: dost of the burns were of second dogree severity and then in
order of frequemuya drd degres and lst degres.

Burns wers rere on parts covered by heavy clothing. Among those

vho hed on caps (such as military caps) there wss & clear cut

line of demerketion corresponding to the lower border of the cap.

The injury wes very slight in parts protected by white clothing.

Burns occurred under black clothing, however. There were some

clothes in a material patternad with white and black stripes, and
. in these we found linesr burns beneath the black siripes.

There seemed %o be an unpleasaﬁt snell associated with the radia-
blon burns. This odor mixed with that of the fish liver oil used

in dressing produced s nearly unbearable stench.

Local Conditions (as remembered by pationts):

Factory worker: "It was just after the ell clear signal had been
given and wo had returned to our glace of work. Suddenly e flash occur-
red; T felt very hot, and the roof of the factory came tumbling down.
iihen I recovered conscivusness, [ was beneath the ridge of the roof with
smoke and'flama all about me, How I got out, I don’t knows "

Faovery workers "Sines T hud been working the night shift, I
was slee?lﬂg up&t&il"s in ny ledeines with Oﬂly ny trousers one. I was
DEUE AL OPER RERIGH, Rhd SUddoniy §elt as though a hot wind were blowing
on me. I wes thrown down,"

-
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“ Clerk: (had thermal radiation burns on face, neck, chest, and
both uppor oxtremitiesj. "I wes in front of & warehouse, supervising
the loading of & truck. I felt as though fire were thrown on me from
overheed. I was thrown to the ground.”

411 the others told similar storiss in describing their ex-
perience at the time. 4t the time we thought that the atomic bomb caused
a terriflic pressure-wind aund then an intense burst of thermal rediation
which gave rise to the burns. Our treatment was at first based upon
this concept.

Damuge at Urapmi, Nerasukis Later (31 August) I went to
Nagasaxd to view the demsze wiich was beyond description. It resembled
closely a picture published in the paper of 23 August entitled: "diroshime
Cetastrophe™s. All the bulldings were crushed. Telephone poles were up-
rooteds wnven resnforced concrete bulldinss were crushed like paper boxes,
but, in general, mesonry buildings were standing, but with ths interior
ruined &s thougnh a Titen had been pleying there. Leuves of trees on
surrounding mountains hud been scorched up to 8 Km. eway, and it looked
as though autumn hed cane. The local people describing the conditiecn
of the peopls instantly killed by the blast told of corpses with eyes
torn from their sockets, some eviscerated, some burned to ashes. iany
were blown from factory buildings across the road und into the river.
It must have been a dreadful scene.

TABLE T

A Statiat@cal Study of 208 Patients Admitted to Omure Naval
Hospital: Situation at the Time of the sxplosion

Location Type of Building Demape to Building
einforcad Completely Partially Concrete
Indoors Outdoors concrete  Wood destroyed destroyed destroyed
147 61 17 191 137 67 4

Sound of Explosion: 'Heard by: 187; Not heard by: 19.

Color of Flash: Blue=red:; 57; blue-yellows 20; pale blue-white: 109;

white: 29,

Position:

Clothings

Sitting: 113; standing: 47; lying down; 48.

fhite: 78; colored: 130; short sleeved shirt and
‘8hort trousers: 12; short sleeved snirt and long

) trousers: 112; half naxed: 583 one piece women's
clothess 3; others:s 25

In Direct Sunlipgnt:

Oripinal Burns:

Degree_of Burns;

8.
Flash: 187; fires 1lle

lst degree: 29; 2nd degrees 148; 3rd degree: 3l.

e sipme ——
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Statistical Study of 43

1 Patients Admitted to Umura Naval lospital

Location Clstring Source of Injury
Indoors Outdoors Clotned  Haked Primary;by Bomb  Indirectlysby Fire
8174 1.8% 854 3% 9% 3%

(Tebles I ard IIL from informstion from L. Como Nobuhita
Fuikuhara of the Cnura Naval Hospital)s

The demage in the city seems to have been the greatest where the
sun was shining.  This was epoarently not always the case with human
beings (patients).

Condition of patisnts after admission: On the next day, 10 August,

+ 71 patients were admitited to ward 8. 1hese were transported by train on
" the night of the-9th and were treated by the Zmergency Corps at the
! .‘ datsumura Llementary Schosl, umura. They were then transferred here by
trucke. - I wes ascigned Yo this ward end from tais time on my observations
were largely confined to these 71 patients. As on the day before, we con-
tinued to trest tiess patients ws ordinary burns.

Fatients with burns of the eptire body and ones severely wounded
by flying fragments died in two or three days. Examples:

‘ 1.) Factory worker, mele, 45 years old. tounds over entire body.
Died 0600, 1l Aupust. (Figura 4).
. 2. ) s??dentr femule, 19 years old. .wounds of both lower extremi-
ties with coasiderable henaorhage. Died 1040, 11 Augusto

3e) ‘S?udent, femele, are unknown. Flash burns of face, both
upper extremities, back, right knee, and right thigh. Died 0500, 12 August.

4.) lactory worker, mals, 29 years olde Flash burne of fece and
both upper ﬂxtrem%ties. dounds of baock and botiu thighs by flying fragments
Of glﬂsst Died 1b10’ 12 hususte (Fisure 5;°

o) Clerk, male, 30 years old. Flash burns on back and both upper
extremities. Died 2105, 12 Augusts. '

6+) Fuyoko srasi, housewife, 41 years old. She received flash
burns on face and both upper extromities; contusions and abrasions of both
lower extremities. 4% the time of the exolosiun, she wus nesrly in the
middle, Uksmachl, ilagesaxi, which is about 300 i from Ohashi. This is about
500 i from the verticel descent point or within 750 il of the explousion in
direct line.

INCLASSIFIED

. o) -
- DECLASSIFIED - @*ﬂi

Authority MM TDAAOOSE




LHA D P S e
ok UNCLASSIFIED
—SEERET SOl ILL
At the tims of admission she had a teppesrature of 9.0 C, dysanteryw
1ike dierrhes and an herpetiform sruption about the mouth with an unusual
odor. On the moraning of 13 Aupust, eyesight suddenly failed. Koernig's
simm, ankle clonus, 3 plus; and opisthotonus, 2 plus, were noted. Spinal
ouncture revealed the cerebrospinal fluid to be turbld and admixed with
dark red blood. Patient dlied at 1700, 14 Auguste '

Shortly afbter death, necropsy was performed. The usual finding was
petechiae of the mucous menbrancs of the inbtestinal tract, eapscially the
rectum, varying in size from thut of & grain of rice to a bean. In patient
(Number 1) there wers also changes found at the point of branching of the
gnterior und middle cerebral arteries, and also at a branch of the posterior
cerebral artery neur the fusiform gyrus of the right tenmporal lobe. At
these points were clots wers hemorrhare haed occurred. .e theught that
these arterianl ruptures may have been the result of inflemmation from lodge-
ment of emboli, secondary %o histamine intoxicatlon from the burns. They
may have been purely of traumntic origin, or other mechanisns may heve been
responsible. : i

On the pia mater end also in the brain substance are blob-like spots
the siz2 of & millet seed, which show a tendency to becume agglutinated into
masses the size of the tip of the little finger. These resemble the spots
we see on the pia in epilepsy. '

7.} Factory worker, 19 years old; male. Had flash burns of ths
right upper extremity «nd left lower extremity. He was discharged 15 August,
after his burns hed hoaled. According to information which we secured later,
he became ill about two wesks after his discharge, with symptoms of fever,
loss of sppetite, fatigue, loss of hair of the scalp. He developed petechisse,
e mucoid diarrhes, and died.

8,) Hatsuko Ikei, female, 17 years olde She was within 1160 M. of
the centér. She received flash burns of the left upper extremity. She had
fever up to 40.0 G, loss of appetite, herpetiform eruption about the mouth,
cerebral synptoms and disturbances of eyesight. Petechiae, which appeared
first on the arms and legs on 11 August, became generalized on 14 August and
ranged in size from that of a grain of rice to thut of the thumb. A blood
count done on the afternoon of 14 August showeds HErythrocytes, 1.5M;
leucocytes; 300; Hb, 87%. She died ak 1630 on 16 August. The spinal fluid
was similer to that in Case 6, Necropsy was performed shortly after death.

The positive findinze were petechime the size of a rice grain
throughout the elimentury tract. Other chanmes werse as tefore, that is,
hemorrhage in the left posterior portion of the cerebellum in the vicinity
of the posterior inferior cerebollar arterj. The spots on the pia previously
mentioned were also sesn in seversl pluces.

9°2 ifale, uge not stateds He suffered from a contusion of the
gerotum. Starting on the 11th, he began to have fevers The contusion was
about 1 ome. in diameter with practically no bleeding. on 14 August, he
begen to 108¢ his hair in patches. The individual hairs could be pulled
out without resistance. On 15 sugust, petechise began to appesr and also
the peculiar eruption ubout the miuth, lle died at 0015 on 16 aAuguste
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Three more patients showed epilation and the herpetiform eruption
ebout the mouth. Fever developed rescning 40 to 41 C at the time of deathe.
These elso showed petechiae and the dysentery-like diarrhea.

These patients were trested by transfusions of 100 to 200 cc. of
blood and the parenteral aduinistration of Vitarin B complex and Vitamin C,
intravaous glucess, and liver extract. The patients job worse in spite of
treatment. The fact tnat putients with relatively slight wounds and burns
showed the most severs symptoms is worthy of note.

a4t tais time, cn ancther werd {ward 12), there.was a female patient,
Chiguko Yamade, age unknown, with abrasions of the left arm and chest and a
contusion of the hip. She developed herpes, heir loss, fever, and numerous
petechiaes. She died 20 august, Neoropsy was performed. Findings:

The body is thet of a femule corpse of average size showing moderats
emecintion. Both corneas are cloudy and the pupils contracted. There is no
swelling of the superficial lymph nodes of the body. Crusted herpetic lesions
are present about the lips. The oral mucosa has a gray combting. The subcu-

- --' tanecus fat is moderately well developed. FPost mortem lividity is present in
the dependent porticns. higor mortie is present throughoute The left dome
of the diaphragm reaches the level of the left sixth rib; the right diaphragm
is at the level of the fifth rigiht interspace. In the pericardial sac are
15 co. of straw-colored, clear, fluid. The cardiac chambers are filled with
liquid and clotted bleocd. The heart is slightly enlarged. The right lung
is bound down by easily separated fibrinous adhesions; it is blue-violet in
color, and is {illed with blood und air. The left lung is of similar appear=
ence except for the absence of adhesions. The thymus shows degeneration and
is atrophled to the size of the little finrer. The peritoneum is shiney and
light yellow in color. The liver neasures 30x18x7 cm., and weighs 1160 Gm.
with the gall bladder. it is partially adherent to the diaphragm. The color
is dark purplish-red. The surface is smooth, but tiere is & torn area on
the posterior surface of the ripht lobe, 10x0.3 cme The torn surface is
yellowish to reddish=brown in color und the hepatic lobules can be distinctly
made oubt. Stomach: A& portion is adherent to the spleen and pancreas. It

* is about normal in size. The mucosa is quite hyperemic and shows numerous

< petechiage Lt contains bile-stained viscous material. 0all bladder: Size
of a hen's egg. Ubxberior ig glossy. Contains about 10 cc. of yellowish-
green bile. Upleeons Purplish-red in color. The surface is smooth and
glossy except for a tear 4 on. long by 0.5 cme deep running horizontally
across the center. The follicles are mot praninent. Pancreas: Of a pink
colore. The cub surface is zray. icinic are distinctly visible. Kidneys:
Both light reddishepurple in cclor. The capsule stfips easily. The line
of demarcation betwsen medulla and cortex is cleare. The kidney pelves are
of normal capacity. The small intestine and colon are murkedly hypereamic
and-on the serous surfeces are potechiae varying in size from that of a’
gr'ain -Of_rloe To thut of a pea. On the mucosa wre many ulcerated areas Very=
ing in size from thut of & rice grain to thut of & red bean. In the large
bowel there are patches in rows or arborizing pabtterns covered with grayimh
membrane which can be reudily stripped eway, revealing & hyperemic base in
the sigmoid and rectum, but not in the rest of the colom.

Todachi Kusumoto, a patient on ward 6, was adnitted on 25 Auguste
He was & 14 year old mele student who had been 1 Km from the flash. He had 4
no burns or wounds. he complained that in the past few days he had had fever
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end loss of hair. Un the moraing of 2b August, he had fever of 40.4 C,
pulss, 140, He died %tne seme morning. The following notes were meade at
tne time of admissionm: "The patient is of about avera;e size and develop=
ment. The nutrition is rather poor. The bedy temperature is 4¢0.4 C and
the pulse 140. Fupillsry resction sluggishe The lower 1lip is eroded.and
partly crusted. The iips ure swollen. The submaxillary nodes are enlarged
to the size of the terminal phalanz of the index finger and are tender.

The tonzue is dry and covered with a brown cout. lhe pharyngeal mucosa

ig reddened. The tonslls are covered with white exudate. There are
petechiae over the entire vody. Scalp hair is completely lost. There is
cardiac palpitation. Breath sounds are harsh. The liver cen be felt 3 om.
below the zostal margin. The spleen is not palpable™. Findings at autopsy:

The body is that of a middle-sized male. The nutrition is guite
poor. The cornea are slightly clouded. Pupils are moderately dilated.
The oral mucose is of a grayish color. Tongue is heavily coated. The
teeth are carious; the gums necrotic and covered with exudate. rat could
~._ b found in every joint. Post mortem lividity is present im the dependent
portions. There are numerous petechise of the skin from the size of a millet
seed to that of & red bean. The hair is noteworthy in that it pulls out
very easily, so that large amounts come away when touched with the wet hand.
The diephrogmatic domes are ut the level of the fifth rib on both the right
and the left. There are adhesions between the visceral end parietal pleura,
especially on the right side. The pericardium was smooth and glistening
and contained 20 cc. of clear, serous fluid. The peritoneum was glistening
and did not appear abnormal. The liver was strongly adherent to the
diaphragne Heart: No abnormalities except a few petechiae on the epi=
cardiume Lungss ¥illed with blood and air. a few petechine beneath
the visceral pleura, Liver: Surface glossy, dark purplish-red. The cut
surface appears essentially normul, though the liver lobules are rather
indistincte OSpleen: Dark purplish-red. Cut surface appears normale
Follicles indistinct. Kight kidneys . Surface purplish-red and glossy. '
The cut surface is normal with a clear line of demarcation between cortex
: and medulla. There are a few petechise under the kidney cepsule. The
‘. renal pelvis is normal. Left kidney: Similar to right except for the
presence of clots in the pelvis. Pencreas: Rather smalle The acinl are
distinetly visible on the cut surfece. Stomach: No abnormelities except
petechiae on the mucosa. Bladder: Normal mucous membranes Intestine:
Portions are hyperemic; petechiae are numerous. Colon: Numerous petechiee.
Esopnagus: Numerous petechiae. Diephragm: Petechiae under the parietal
pleura of the right leaf. Pila mater: Blob-like areas: the size of a millet
goed. Brain: Cut surface shows no abnormalities.

We did 10 sutopsies up to 31 August. Eight of these pe.tients had

epilation. In general, petechial spots were numerous in the internal
organse i
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lo) Distribution of petechisze:

From 98:‘)?1’1&3‘\3? to rectiMscsccosssonrsnaeocancocy CELSES
In intestine onlyueccecsesoscosccasensacsnnsacsnl cCAsES
of above, in rectum onlycecocesscsscsccosasc? CAHEE
of above, in colon only.csecscecsssscesssncd CASAS
In spleen, xidney, @LCosssccccsnsoncasosesscessB cases
In brein oflfceess s ssvasess svesseses sssnensivas sl CASE

2,) #hite sloughs in alimentary canflecessccscecscssssd Cases
35) ':iemol”!‘l’mge f!‘om Veﬁeels Ei."t: base Qf brainautnonnoooe cases

4,) huptured viscera:
liva?bnnougoonn;un..cu.ooooq..;olBlOlbolvoﬁs 0&588
Bplﬂenncaoecnngogng.;.ae.euﬁ-loie!.utoneo_oz O&SGB

lung“'Dﬂoo19hBIOuobo&lllo..!io!cl.e.ﬁ--l.-ta GQSGB

l' Noteworthy leatures: Three cases with sloughs of the intestinal
mucosa had similar lesions of the oral mucose. Six cases had the small
cyats between the pia and brain surface similar to those seen in epilepsy.
Changes in the bone warrow and other blood forming orgens were not studied.

The illnesses resulting frum the atomic bombing of Nagasaki (ex-
cepting those killed outright as previously described) can be classified
in several rather well=defined groups:

l. Burans ‘

2o iounds fram debris hurled about by the blast wave.

Y 3. Cases with hemorrhagic disthesis:
‘8o those with dysentery-like simptoms starting shortly after
the bombing
be those with symptoms starting after a latent period.

' . The cause of the 3rd group is presumubly rediation given off by
atomic disintegration.,

Incubation period: This seems to be jnverssly proportional to the
distance from the center. For example:

Patient 6 = Distance less than 750 M3 symptoms appeared the same
days :

Patient 8 « Distance 750 ii: g the same day.

] “; symptoms appesared the

Patient 12- About 1000 s ;ymptgms appegred 4 days later. (6 other
similar casew.)

Fatlent fron werd 6 - Distance about 1000 to 1500 M; symptoms ap-

peared 10 days laterc

These date are derived from 25 out of the 758 cases admitted. No further
data is avalleble on this point nt the time of writing.
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Gymptometologys Those who received no wounds end were quite well
immedietely after the attack, developed symotons of fatigue, ancrexia, end
high fever even to 40 C. A% tiils time swelling and tenderness of the

cervical lymph nwdes sppearad in many, together with sore throat and hoarse-
nesse Oae or two days latser, "there sopeared dierrhea, with a watery, mucoid,
bloody stool. Hematurle sppasred. Alopecia begen to develop, sprsading
fram points of pinhead siza. Then setechize dueveloped over the entire body
and simultaneously;bleeding from the mouth and gums and spistaxis. ilany
developed an unusual herpetiform eruption arcund the mouth; as death draws
near the areu becomes gangrenous and the fetor becomes marked. No cardiac
disturbances were seen except a drop in blood pressure in the terminal

stage. Hany devesloped symptoms of m terminal pneumonia. ilany complained

of stomach eche, but taese did not always have vomiting. Ascaris was present
in most. Terminally, central nervous system symotoms appeared with loss

of vision (inability to count fingers at 30 cm.)s Those who showed no
contral nervous system symptoms remained mentally clear even terminally,

in spite of severe anemia and nigh fever. Among those whose wounds had

been healing well;, the granulstions gradually became gengrenous and foul
smelling. The sites of nesdle punctures also became infected and necrotic.

laboratory findings: On examination of the urine, albumin and
urcbilinogen were found. Blood findings: RBG, 1.0 to 2.0 l; WBC, 200 %o
500; b, 50 to 50%. Bleeding time: 20 minutes to 2 hours or more. Through-
out & smear, only one or twe leucocytes might be seen. These were all
lymphocytes.

Fever gradually became hirher and reached a waximum terminally,
dropping slightly at death. (Plate V). During the prodromal pericd, bullae
varying in size {rom & thumbprint to a hen's egg eppeared in various places.
These may ULe comparable to Acentgen-ray erythemas, or may be the result of
radiocactive material sdherent to the skin.

Prognosis up to 10 September: idortality, 1007%.

Diagnosia: Presents no difficultiese

Treatment:
) Intravenous administration of 20% glucose mixed with Vitamin
B Complex end Vitemin C.

2¢) Blood transfusions of 100-200 cc. at one time.
3.) Liver extract, :

No special benefit was noted from any therapy sivens

Postscript: The distance from the source seems unbelievably great
for these eflects %o have been the result of exposure to radiation from
radicective material, liowever, the magnitude of the radiation effects may
be far grester then anything previously conceived of in the science of radio=
logye

Anont the foresaid 758 cases admitted to this hospitel, there were
only 3 cases of tetanus. This ig quite remarkable when we consider conditions

T T USSR
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Research on the Symptoms Caused

P_}L the Atomio Bomb
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Professor Toichiro Sawada
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A. Effect on the human system of those who were st the scene of disaster.

On August 31, in front of the Naegasaki liedical University, we
were able to locate nine persons who were not victims of the explosion,
but who came here afterwards and have been living in self-made huts about
500 meters fram the center of the explosion. Scme of these psople rushed
down to Nagasaki from such distant places as Shikoku and Kyote-Prefecture.
lie carefully selected only these of whan we had reasonsble assurance of
their not having been exposed to the explosion. The lesucocyte count of
these people was taken (see Teble I). Tests revealed Limb the lowest was
‘4400, the highest 8200, and the average 86550.

For comparison, we found ten persons who were in Nagasaki or its
vieinity at the time of the explosion and have since been living near the
scene of disaster. We have also taken their leucocyte counts. The ré-
sults are as shown in Teable II, the lowest 3000, The highest 7320, and the
average #6560

A comparison of the two averages showad the former in the 6000's
and the latter in the 4000's (wnici: had smaller ¢ounts), but we were unable
to determine any physical differences betwesn the two groups.

From these results we have cbtained & general impression that un~
less & person is directly exposed to the explosion, no physical disorders
of any import develop sven if he does live at the scene of disaster after-

- wardse

Later, we examined the leucocytes of those people who have re-
mained 8at, or passed through, this area as members of relief and restora=
tion parties. Table III shows the results of the examination to date. In
almost all cases the leucocyte count is close to normal and no physical
disorders have come to our attention.

Looking into the aforesaid results, we found ceses of fatigue and
diarrhea anong people who were not victims of the explosion, but who had
been living at the scene of the disaster afterwards. The patients sus=
pected that these symptoms were caused by radicsctive substances remain-
ing at the socens of disaster, and they also feared thet Uheir leucooyte
count had decreased, but re-examination of these people showed that their
leucocyte count was absolutely normal. It is impossible for us to conclude
that suyh aforementioned symptoms as fetigue and diarrhea were caused by
the actions of radioactive substances remaining at the scene of disaster.
It is perhaps more proper to say that the causes of these symptoms were
fran'averwurk. neglect of health or neuropathye

B, MNature of the symptoms caused by the atomic bombe

W#;: Fhe effocts of the atomic bomb on the human system are
analyzed, they can be classified into the following three types:

UNCLASSIFIED
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1. "ilechanicel efiects"
' (Possibly external wounds caused by fiying objects,
falling debris, etc.)
Caused by the blast
_ (Literally, "explosion wind")

2. Burns caused by the heat weves snd ultra=violet rays.
3. Effects caused by a great emount of radiomctive rays.

The "mechanical effects" ceused by the blast are similar to those
caused by ordinary bombs. Burns caused by heat are similar to those caused
by incendiary bombs, but burns caused by ultra-violet rays have a special

/  tpait of healing rather rapidly. It can be said that the reactions caused
by radicactive rays are spscial features of the atomic bomb. For instance,
people are taken ill several weexs after the explosion, and the death rate

' is very highe From the viewpoint of internal mediclne, they are special
symptoms and should be classified separately os symptoms csused by the
atomic bombs

In looking into the symptoms caused by the atanic bomb one should
alweys keep in mind that they are symptoms caused by & grest amount of
various radioactive reys to the human svstem.

It is by these rays that the various cells in the humen system are
affected, and the degres of damege depends largely upon the sensitivity of
these cells. The maematopoietic cells ard the generative cells are
copsidered most sensitive. It is also belioved thet the cells of the
various internel orgens and internal secretion orzuns are also affected.

Judging fram the internal symptoms (Lo be ciscussed later) it is
believed that the medullary tissues are mainly afi'ected. In order to
.. verify this fact, aspiration of the bone marrow has been performed on many
patients to study the medullary cells. The result of the.examination
gshowed that the coells were severely affected. :

Tye normal percentage of orythroblasts is 19/, but according to
Table IV in Matsuda's case, for example, it is 0, and in durata’s cass,
8.5%., The hematoblasts are glso O, '

The normal peroonteges of leucoblast and leucooytes ere 59.6%,
but they have decressed to 15.5% in Matsude's case and to 57 in iureta's
cesse

Practically no change oceurred in the lyaph corpuscles. The re-
ticular cells end adipose cells are normally about 1%, but in datsuda’s
case it increased to 637 and in lurata's case to 60e5%0

Thesa.fhcta 8how that the bone marrow tissues weré severely aflect-
ed, and 181QVIdantly-due Yo pammyelophthisis (or agrenulocytosis, which is
a common clinicel term). It ie believea that the imosired functions of

L
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the bone merrow are the chiefl causes for the symptoms ceused by the atomic
bonb. The histological examination of a piece of bone marrow has also
proved these facts.

Co Clinical Symptoms.

This idedical Relief Party has disgnosed and observed about 400
patients at the Shinkozen National School in Negasaki during a periocd of
two weeiks fram September 1 to September 14.

Table V shows the dates on which the symptoms occurreds Among
them the most frequently compluined of syaptom was fever, wiich is follow-
ed by epiletion, anemia, headache, systeamic fatigue, ete., in that order
of freguencye :

. During the first week the most complained of symptoms were nausea
(28 cases out of 32), vamiting (23 oases cut of 25), anorexia (16 cases
out of 23), and heudache (17 cases out of 44). Symptoms such as hausea,
vomiting, systemic fatigue, and headache are believed to be caused directly
by being exposed Yo the radiocactive rays. EHesides these symptoms, fever
(12 cases out of 70), systemic fatigue (7 cases out of 35), and diarrhea
(6 cases out of 35) also occurred during the rirst week. UTable ¥ shows
that fover, epllation, spotted hemorrhage of the skin, anemia, systemic
fatigue, sore throat, tonsillitis, odontalgis, maculas on the skin,
stomatitis and icterus occurred most often during the fourth week than
during eny other preceding week. Among these, fever, epllation, hemorrhage,
sore throet, and stomatitis should be congidered as chief symptoms which
developed in the late stadium, and with the exception of epilation these
are considered as symptoms of bone marrow consumption. These symptoms
and blood chanzes indicating symptoms of bone merrow consumpbion developed
in most patients about three or four weeks after the explosion.

. Table VI has been prepared by classifying the reections caused by
radjoactive rays into early and late stadiam, and also by examining the
patients Who were within 3 km. from the center of the explesion. Of the
1g9 patients examined, 27.2% showed absolutely no sign of illness, while

the majority (72.8%) had scme symptoms of which more than half occurred
in the early stadium.

Epilation, hemorrhage \spotted hemorrhage of the skin, gingival
~hemorrhage, intestinal hemorrhape and epistaxis), stomatitis and fever are
considered the chief gymptomg which developed in the late stadium. Table

VII shows the relationship of these symptoms to the distance fram the
center of the explosion. The relatively smell percentage of these symptoms
within 0.5 lm. radius, is, perhaps, because most vietims in that ares died
within 8 Short period of time after the exnlosion. The largest porcentage
of these symptoms is found between the 1.0 to 1.5 km. radius, but beyond
2.0 kmo redius there is a markeq decline (a few exceptional cases ocourred
peyond 4:0 Me)e In other words, those who were taken ill up to September
e ch:.,;fly Persons who were within 1.6 kme from the center of the
explosion, While only o few wore taken ill beyond & distance of 2.0 km.
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This coincides with the fact that the completely destroyed areas in Nagasakl
ware within l.5 km. to 2.0 km. froan the center of the explosion.

Examination of the lsucocytes revealed that a sharp deorease of them
occurred in many patients. Table VIII has been prepared for the purpose of
determining whether the leucocyts count will return to normal or not with
the lapse of time. According to this Table, patients with lsucocybe counts
below 1000 during the first peried (9/1 = 9/4) cams to 25.6%; the second
period (9/5 = 9/9) B.2%; and the third pericd (9/10 = 9/18) only 2.9%.

Ag e result of these changes, patients with leucocyte counits of 5000 to
6000 in the second period increased to 23.Tw, and during the third period
17.5/% of the patients had counts of 8000 to 8000. It is therefore evident
that the lost leucocytes are gradually repleced with the lapse of time.

: . Table IX is an observation of these changes in reletion to the
distence from the center of the explosion. From September 1 to 4, persons
who were close to the center of explosion (within 1 km.) show & remerkable
decrease in their leucocyte count,'but the farther the distance the less
conspiouous is the decrease. The leucocyte count of many patients who were
about 8 kme from the center of the explosion especially was almost close %o
normale This relationship became more distinct with the lapse of time.

For instance, from September L0 to 13, even emong those who were close to
the center of the explosion, those who suffered from leucopenia became few.
Anong normal patients whose leucocyte count was returning to normal, some
even hed a oount exceeding the average number of 8000 This fact was es-
pecially noticeable among those who were within the radius of 8 km. (There
were actually more persons with an increase of 1eucooyten-]

The changes in the erythoeyte count are shown in Table Xs During
. the early part of September thers were relatively few patients with a

noticeable decrease in the erythrocyte count, and most of them maintained
the normal number of 4 million to § million. However, as time went by a
gradual decrease in the number of erythrocytes became ovident. During the
period from September 10 to 13, 34.6% of the patieats had & count of 3
million or below. This indicates that contrary to the increase in the
leucooyte count, the erythrocyte count decremsas. Clinicelly, this co-
incides with the fact that many peatients have recently developed anemia.

Furthermore, due to the recent increase of leucocytes, myeloblasts
and medullary cells were found in the blood and cases which showed medullary
reactions ::;e noticed. The change of the hemogloblin, tho decrease of hema=
toblasts, the delay of bleeding time were alsc noticeds

Albimin in the urine wag detected in'a few cases. During the early
part of Szp :mbor, mAny patients had positive urobilinogen in their urine,
which indicated defective functioning of their liver, but this condition

redually diseppeered. oy ; : i
fame i he Dadkslo, her clinical reports will be made available on
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D. Prognosis

_ Among the main symptoms which develop in the late stadium, the more
serious the degree of fever, epilation, pharyn;itis and hemorrhage of the skin,
the poorer the prognosis, but some patients with serious main symptoms are
gradually recovering after being considered hopeless. It is also true that
the greater the decrease of leucocytes, the more serious is the condition of
the patient, but in some cases patients with a leucocyte count of 1000 or
below heve recovered.

In general, the earlier the symptoms develop, or the sherter the
latent period, the poorer the prognosis; the lonzer the letent periocd the
better the prognosis. ihether or not the patients had external wounds or
burns, these symptoms developed several weeks after the explosion. Tnose who
overworked themselves instead of remaining quiet when no abnormal symptoms

":“1"93'5‘ at first, are the ones who luter developed symptoms and in many
ses the prognosis is bad. 3

It is very reasonable to say that the death rate is proportionate to
the extent of exposure to radiocactive rays, while the extent of exposurs to
radioachbive rays is in inverse ratio to the square of the distance from the
senter of the explosion. Therefore, the closer a verson is to the center of
the explosicn, the earlier the symptoms develop, which also explains the high
death rate; and the closer a persocn is to the center of the explosion, the
eagier it is for him to receive externmal wounde and burns. .any people have
died from these causes. Thus, it is very difficult to compile aocurate sta-
tistics. Aloreover, two persons may be at an equal distance fram the center
of the explosion, but it is importent to take into mccount the extent of cover
(whether they were under cover or not) which further complicates the whole
situation. An investigation is being held on these matters at presente

‘. dedioanl Treatment

It is nosdless to say that WA 4 ly of
. complete rest, nutrition, and & Suppiy ©
Vitanins @re important, Besig T R ; f grape sugar
is very effective. ' ®8 these, 1 believe the 1nject10n of grap g

Fram our experience, cocasionsl blood transfusions for serious anemia

patients have invigorated the A ; nd the
results have been good, Ir feolings or revived their spirite; &

Since the liver conty ; lood-meking action
of the medulla, we have yg (" Domste thatcretigs ge R Ss :

ed it at every opportunity; the results seem to be good.

..- We have in our inter : 1 th
nal medicine depsriment about 58 patients wi
 Emptams ey, ne dtanls banb, Among then are patiedts with the combina-
tion of b g:side:ra épilation, spotted hemorrhage of the skin, and pharyngitis,
who were ©O ed hopeless in the early part of September, but most of them

- ape recovering after apnljiea+: ., Onl
three deaths oocurred, | c2tion of the treatments mentioned above y

Judgment as 4o the efficacy of the tre:a‘tmor;té is vpry diffioulte. S‘¥‘En
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TABLE I

The!Leuo
ocyte Count of those Living in the Center of the Bombed Area

(Not in the area at the time of the bembing)

Name
Sex Age | Leucooytes
Bguchi - female 18 8,200
. 9
Ogawe female 52 6,260
g
Taicubo male 59 7,800
: 9
Kanaya '
mele a9 5,460
Ta jima male 21 6,650
5 B¢
Eaéohi fenale 20 5,460
3
Eggeshita male 7
8,000
Mj.tsutake male 37 4,400
5
Kubo nale &4 6,600
2
Average _i‘
8,580
TABLE II

The Leucooyte Co s ;
unt of those Living in the Bombed Center (victims)

Name Semn
14 Age ]Jaucaﬂyteﬂ
. Hoshika
ma le 14 4,720
Inac
Ins male ' 38 5,100
Qkabe
Ok male 21 4,400
Hamada by
Has emale 30 3,200
Yeshime
» male 42 5,350
Habuo |
gl _ female 30 3,060
Hasezakl mal .
orauim nat
iabsuo nal
Average
Averags Bs { J RETe s, 880 4
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TABLE III , I

The Leucoccyte Count of the Members of the Kyushu
University Relief Party
(komained at the Scene of Disuster fram Aug. 14 to 23rd)
L 1

' Newme Sex Age l Leucocytes
Inouye ‘mals 25 2 _T5300
. Kuroki male 24 6,400
_. Sawa mele 25 5,800 :
Morimoto male 38 - 5,700
Watanabe male 30 5,600
Takegishi male 25 6,800
Nelka jima _ male 27 6,000 !
g , | Negaoka . nele 25 5,800
Fukushige male 25 68,100
Node male 24 7,800
o Ikeda male 25 8 200
. ilaruoka male 25 5,500
Okezaki —_— 25 " 7,000
Average - 6,440
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Mieroscopic analysis of the Harrow Afflicted a M il
with Symptoms Caused by the Atomic Bomb
Normel Percentage
g ] Xind of Cells b ) for a Japanese Jatsude lurata
Fn .
degaloblash | & 8 0.1% 7] 0.5% 1
. - ey 7
facroblast | -§ = 2.9 19.0% 0 4.0  {6.5%
< ©
&r B
Er[l_:hroblast e 16,0 0 2.0
’ e L S : —
: Hemstoblast 0.1% 0 0
iysloblast g 1.8% 5,6% 1.5
k =
‘Neutrophﬂ premyelocyte E 3+8% 545 2 1.0
' () ' 3
Neutrophil myelocyte = 5¢l 59% 4.5 b% | 1.5 5.0%
Neutrophil post myclocyte j%_ 7.8 8 1.5 0 '
{leucocytes O i
Neutrophil "Staff form"miclus o 16.6 ‘ 0.5 0
Lobulated Nucleus(leucocytes) § 20,2 1.0 ' 0
Eoginophil cells ¥ : 4,2 0 1.0
i!isophil cells i 0.3 0 0
Monooyte ‘ T, SR 0 208
.LEph corpuscles 16.8% 18.0% 22.5% _
, : — —
' Lymphoid o 4,54 | . |28.5%
e ABOUT  $0.5 26e
Plasmatio 2 60,5
gtic s [ 2% ool s
Phagoo o o o
Fatty » 3.0% 1.0%
Cells which are difficuls
to classify - : 4.5% 3.5%
Total ' 100% 100%
46 21
o leated cell non-muolesnted cells
Pon- AR seT Nucleated cells 200 200~
i UNCLASSIFIED
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TABLE V

Total No :
Symptons of le& 2nd  Srd  4th  Sth  6th
Patients Weolc Weel Waek Weelk Week Waelk
ls Fever 70 12 5 10 36 2
2. Epilation €9 6 5 20 AT, o
' 84 Spotbted Hemorrhage _ ‘
! of the skin 51 4 10 29 15
4, Anemia 48 18 e -
. 6s Headache 44 17 8 16 3
o Systemic Fabigue 35 7 H i1 Y8
\é Gingival Hemorrhage 33 3 3 8 12 9
e Hausea . 32 28 1 3
9. Sore throat 31 2 1 i 17 >
10, Tomsillitis ‘ 27 p i iz ‘9
11, Vomiting 26 23 | 1 2
12, piarrhea 25 P 1 2 12 :
13, Dropsy ed 2 8 14 1
14, Aporexia 23 15 2 6
15, Vertigo 15 2 13
18, odontalgie 18 3 1 6 =
17, Haemsturia 10 2 ¢ % L
18, iacule g ‘ 5 i
20, ppistexis 8 1 5 1
21, Stemach ache 4 1 :
22. sStamatitie 4 5 1
.Qe Icterus 4 3 3
° Conbfbipation 3 2 1.
25, Hpematemesis 2 2 ;
26, Chest ache 2 1 ‘
27, Dyspnocé § 2 2 1
28, Lung ulcer 2 1 s
29. B‘noptys 18 2 2
30, IMMnia 1 1
31, Hard of hearing T 1
824 DriVGl 1 I
33, rrequent urination 1 1
3¢, pBlood stool 1 1
36, 1outh uloer 1 5
38, mci&tion . 1 1
gy SRt

.
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TABLE VI

: A ,D_:,goog
Auﬂlonty n
e ——

flo. of
People %
Those who developed sympe-
toms only in early stadium 16 9.5
Those who developed syup~ ;
tems only in late stadium 48 2804
Those who devsloped symp=
toms in the late as well
as_the early stadium 69 3449
Those who did not develop
symptoms in the early or
late stadium 46 272
Total 169  100.0
TABLE VII
Noe of
Distance Towns Cases %
0.5 Km hiroyama, Yamazato, Takao 12 11.3
1.0 Hezame, Uragami, Shigesato, Sokermoto,
Takenokubo _ 43 40.6
e Chashi, Zeniza, Nishizaks 32 5068
50 Inasa, .difuna, Saiwei ¥ 5 .7
30 ____ Nagaseki Station, Hiradokoya|7), lotohara, 0L 10 5.4
T T Migunoura : 3 Sed
W
Showe 2 Le9
over
=
-~ DECLASSIFIED



TABLE VIII

LA T S | RTINS O T A D

Leucocyte Counk No.

0 ~ 1000 s . Ag.s
1001 - 2000 15 16.2
2001 - 3000 26 22.6

3001 = 4000 ¥ 8.2
4001 - 5000 R
5001 - 6000 L7 T 0%
6001 =10000 100 2t 11.3
Over 10,000 7 6.6

Total : 106 ~_100.0




TABLE VIII

)

Leucocyte Counk

0 - 1000 15 . . 0 A3
1001 - 2000 15 14.3
2001 - 3000 24 el
3001 = 4000 AP
4001 - 5000 B4 L v s ST eBIE
5001 - 6000 o I 12,3
6001 _ =10000 ihh 11,3
Over 10,000 T 6.6
Total . ; 106 : ; 10(fa0

i



i
TABLE IX T
-~ y L ]
ihite Corp. | Balow Below Balow _Below Below Below { Below Bolow | Over Leole
Date 1000 - 2000 3000 4000 5000 6000 - | 8000 10000 100000 'rota;E
L 8 6 4 2 6 2 8 1 39 =
;E 2 2
L |
}
% p | i X 2
11 s 7 2 3 Z 8 5 | :
(25.6) (16.3) (9.3) (4.8) (13.9) (9.3) (18.6) (2.3) 43 }
» 2 2 1 2 5 11 9 e i 35%
17 2 1 3 5 5 4 1 21
f
g 3 4 5 3 4 6 3 26 |
9 3 2 2 2 1 3 2 15
] /4 B 10 18 25 i9 3 B
(8.2) (7.2) (8.2) (10.3) (16.5) (23.7) (19.6) (5.2) (1.0) a7
10 2 4 6 5 3 ! 5 4 6 7 42
!11 1 3 9 2 3 2 3 2 25
lnz 1 1 2 1 1 9 g 9 5 48
13 5 4y 4 7 6 4 15 10 5 56
5 9 15 22 22 21 30 28 19 n
(2.9) (5.3) (8.8) (12.9) (12.9) (12.3) (17.5) (16.4) § (11.1)

DECLASSIFIED

Authority v DAAQOCSE — '




DECLASSIFIED

Authority /o DAGOCSE : . W

TABLE X
Saptei=4
‘-" ite corpuscles Under Under | Under Under
%%a‘t‘?ﬁm---%,_ 2000 5000 | 7000 8000
0 = 1.0 Km 9 | 45% 7 185k 1 2 10% 2 | 10%
1.1 = 200 5 37% 6 | 40% 4 2T Q -
ol = 440 2 30% c. = | & 40% 4 40%

__‘_ Seple5-2

¥ - 1.0 Km 4 | 28% 31 2% 5 1 37% 2 | 14%

1.1 - 2.0 10 |23% l20 fam 130 123% 1 8 %
5,1 = 4.0 1 | s 7 | 58% 12 | 876 1 5%

Septbl0-13

esmeam s ; P
0 = 1.0 Km 1 ) ™ |3 leax 1 2 1w | 81 S6%
W i
~ ] = 2.0 8 | 104 lao Jso% 1219 1247 } 18 | 16%
1 g
2ol = 4:0 1 | 2% 1z Jeet J1z | 20f | 32 | B6%
e -




TABLE X1

. Number of Ked Blood Corpuscles.

For i DBelow Below Below Below | Over :
Date {2 mile 3 mile 4 mile 5 mile 5 mil. | Total
lsept. 1 LB 10 12 7 32
2 1 3 &
3 0
4 i 2 1 4
0 B 12 16 (0 0
; i (12.5%) (30.0%) (40.0%) (17.5¢%)
5 3 12 6 1 22
i 8 1 1 8 1 11
o 7 < 8 4 22 16 1 42
i) 9 1 3 6 oo e 15
i I Ii a1 n ? B
) (1.1%) 3 (12.5%) (46.5%) (54.00%) (50676)
10 ik 1
: 11 8 7 1 2 18
i2 ) 4 3 '3 13
'_..l 13 17 17
14 12 10 18 6 49
(8.1%) | (26.5%) (2004%) (34.6%) (10.2%)
~ ~~ DECLASSIFIED

Authority MNDAAOSTS






