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GLOSSARY

Center, Ifynocenter or Ground Center The point on the ground above which
the bomb exploded,

Ground Zero, or GZ Same as hyvpocenter,

GZ Distance ' Distance from GZ,

Air Zero, or AZ ' The actual point of the airburst of
the explosion,

AZ Distance Distance from the actual point of
the airburst,

Distance When this term is used without

further qualification it refers
to the distance from the center.

Ail Accession Number 158930 is the single accession num-
ber under which all of the
blocks, tissucs, and reporis
are stored at the Army Medical

) Museun,

Autopsy Key Numbeor Under this mmber subsidiary to
158930, are filed in serial
order, the autonsy protocols’
and slides,

Photo File lNumber Under this mamber at the Arny Med-
ical ikiseum are filed the
photograchic negatives or
original prints, A copy of
each print with its caption is
also available in an album that
is kept with the other materials
of the study, (K) indicates
that a Kodacirome transparency
is also available,
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SUMMARY REPORT OF THE

JOINT COMMISSION FOR THE INVESTIGATION

. OF THE EFFECTS OF THE ATOMIC BOMB IN JAPAN
’ It is desirable to present a summary of the studies that were made in
Hiroshimas and Nagasaki in such a way that a comparison of the effects of the
atomic bombing of the two cities is possibles Since the structural condie
tion of the cities and disposition of the population were widely diverse,
this compariscn does not nacegsarily reflect the relative efficiency of the
bomb in each city.
The Cities.

Hiroshima was located on a broad delta which was perfectly flat except

. for a small hill some 2000 meters from the center of the explosion. Nagaw
' saki was located in a serlies of valleys and on the banks of a harbor in such
a way that the inhabited portions of the city foruwed the shape of a letter £
In Hiroshima the atomi¢ bomb burst very nearly over the center of the city.
1 In Nagssaki the atomic bomb burst over cne limb of the X. The terrain of
‘ the latter city afforded protection from the radiant heat and the ienizing
‘ radiation; to about one-fourth of the population, wheress the smsll hill in

Hiroshima sheltered very few., The portion of Hiroshima below the bomb was
R a congested commercial and residential district, while in Nagasaki the come
parable region was industrial and residential., In Hiroshims approximately
60 per cent of the population were within 2000 meters of the center of the
explosion, and in Nagasakl only 30 per cent were so gituated, These dif-

ferences between the nature of the targets influenced the results, as might

. 1 (Swmary)
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be expected, and should be borne in mind.

In each city the air raid

defense measures failed to warn the 'people and many were exposed who

could have found suitable cover,

The atomic bomb which was used against Hiroshima was composed of

the uranium isotope U~235; and the one used against Nagasaki was come

posed of Plutonium 239,
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The Nature of the Casualties.

Each bomb produced mechanical, thermal, and radiation injury. In their
general features, the types of injury were similar in the two cities,

a. Mechanical injuries were inflicted either directly (vy blast)
or indirectly (by falling debris, etc.)e Blast injury analogous to that in=
flicted by high explosive bursting within a few feet was almost unknown,
Ruptured eardrums had a general inciaence of less than 1% in each city, al-
though in selected groups close to the center more were found, There were
no lesions in the lungs, intestines, etc,, ascribable to blast. Other me-
chanical injuries in survivors were found to have been produced largely by
flying glass and the falling beams of wooden houses. The more severe in-
juries such as fractures were rare since those that had been severely ine
Jured were killed by fires that struck the city before rescue operations
could be beguns

b. The burns were largely of the "flash" type and were the result

of an exceedingly large quantity of radiant heat acting for an exceedingly

short interval (probably between o0l and 1.0 second), They were of the
profile" type and involved only surfaces in the rec¢tilinear path of the
rayse Consequently they were sharply outlined, It is probable that specific
portions of the spectrum accounted for the peculiarities of pigmentation and
depigmentation that were observed. There was histological evidence that the
latter could occur without destruction of the squamous epithelium of the sur-
face. Depigmentation was prominent in patients close to the center, but
there was a marginal zone of pigmentation even in these burns., Beyond

1600-2000 meters pigmentation was the prominent feature of the turns and

3 (Summary) 3
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affected all portions of the exposed skine It represented the minimal
residual effects of the rays. Clothes, particularly when light in color
and several layers in thickness and when loosely worn, offered some meas-,
ure of protection, especially beyond 2300 meters, It was rare for burns
to occur beneath a khaki coat and shirt beyond 1500 meters, In Hiroshima
flash burns occurred to a distance of L4500 meters (2% miles) but rarely
was there blistering or necessity for treatment of patients beyond 3300
meterss In Nagasaki, the greatest proved distance at which flash burns
occurred was LOOO meters,

ce The effects of the ionizing radiation resembled closely those
produced by X-rays or gamma rays in animals and man. Quantitatively, the
symptoms and findings were similar in the people exposed in Hiroshima and
Nagasaki., In many persons nausea and vomiting occurred within a few hours
of irradiations, The characteristic lesions were found in the skin, gastro=-
intestinal tract, gonads, lymphatic system, and the bone marrow,

1l Skin: There was same evidence that the skin was directly affected
by the ionizing radiatione. In a few cases there were epithelial changes at
the margins of ulcerative lesions in patients dying during the 3rd weeks
In Nagasaki, vesicular lesions occurred which resembled those of roentgen
dermatitiss In Hiroshima, epilation began approximately 2 weeks after
the bombing, in most cases on exactly the 1lhth day. In Nagasaki, the peak
of onset of epilation was later, occurring close to the 20th day, The
hair came out in bunches by gentle plucking or by combing, or it was found
in considerable quantities on the pillow in the morning. The distribution
of the epilation usually resembled that of ordinary baldness in men, but

in some instances the nape of the neck was also epilated, Even then a few
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downy hairs remained in places vhere the epilaticn was almost total, Women
wore involved at the same time and to the same degree as men, Histologleally
the process was entirely anslogous to that of the ordinsry processes of loss
and replacement of the hair in &1l of its details, Atrophy of the sebacsous
glands went hand in hend with the changes in the haﬁr folliclea, OSweat
glands in shin that had not been buened showed relatiwely little changs,
alihough occasionally the acini appesred shrunken and had thickened basement
nmembranes and finely vacuolated epithelisl) eells with pyknotie nuclel, The
gpithelivm of the surface of the scalp becsme thinner and the rete pogs were
ghort and blunt and occasionally there was hyperpigmentstion of the husal
layers, Beginning approximstely in ithe middle of October at & time when
¢linical regensration Qf the haiy was in progrsss, there was histologlosl
evidence of regeneration of the hailr follicies, This was charscterized by
the appesrance of a new zone of differentiation of ihe intornsl root sheath
at the bege of the old folliels, The new hair penetrated the external root
sheath of the old follicle 4in exsebly the same manner thet the halr is re-
placed in the usual cycle,

2. Gastrointestinal Track; In the most heavily oxposed patients &

severe dysentery-like dlarrhes commenced soon after Lhe bombiag and pereisted
mntil death, In the others disrrhes was a freguent snd troublesonme symptom,
As early as the 4th day remarksble histclogical chonges were observed in the
gustrointestinel tract, These comsisted of the appearance of extrenely
blzarre cells, some with snormous nucled possessing a course chromebin net-
work and an sbundance of cyionlasm, Abynicel miteses were foumd in other
tella &and tripolsr figures were ocassionslly observed, In one case dying in

Nagasald on the 10th day, sweh lesions were assotlated with an ulesrative
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process, Large nortions of the mucosa becsme necrutic and the sub.

pucosa was edomstous, Masses of bacteria ocewrrcd in the superiicial psyis
of ihe neerotic tissve but there was no leukocytic exwvdate, It is probable
thet Loth direct injury of the gostreintestinal tract nad the sevkopenia
veeurring ot this time contribulsd o the pethogenesis of such Jesions,

In the pharyax of u patiept dying on the 10th day, there were remari-
ablie changes resembling those following X-radiation of the skin, consist.
irg of sowelling of the squamous epithelial celis involving both the eyio-
plagm  and ihe nucled, Only scoltered rlasma cells wers present In the tre-
mendously edewtouns well of the pharynx underlying this lesion, It is vos-
sible that changes of this iyve were responslible in part for lhe painful
lesiong in Lhe oropharyny which were n charactsristlic fesbure of the syn-
drome of radiation irjury,

3, _Gonads: Iiven ot lhe 4tl day veworkabie changes are found in the
testes, Theve was sloughing of the germinal evithelium {rom the busewsmnt
membrane of the tubules together with an fucrense in the Uertoll culls,
Toward the end of the Cirsl month there wes vomnlete losg of germinel epi-
thelivm and its derivetives which ullipsetely were discherged tron tne lumen
or became necrotic in situ, After bLha 5th week in some instonees, the
tubules began to display Lhickening of the basesent membrane snd there
vere hyaline deposits restricting the lumira of thu interstiltial dlood
vessels, There was slight hyperplasia of the 4pterstitial tlasee sfter
the end of the Gth week, 7o corre’ste with the changes in the testes
there wes a remarkable gocrease in the count »F socrmatozos of patients
who had been close to the bomb, ow permeneni this will be is at presert
unk nown,
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“skeleton rempined, GI

Much less striking changes were mbﬁarvéé inv%he'ovari@ﬁ. Only ina few
instances was it possible to demonstrate primar?‘fallinéﬁ in process of
atresia and a dacre&sé in the number of ova, - The most constant {inding was
thet cf the ab#eﬁce of developing follicles deépite the persigtence of primary
follicles, The endﬂmearmum showed sn abﬁenca of carpuﬁ 1utﬁum effect sand ap-
peared In the rastiﬂg vhase, Ln one patient wha hed come to ah@rtimn iq the
5th month just Eéfmfe death, thare was fﬁund a,curpug lutewm of pregnsney in
rrocess of invaluﬁiomw Amenorrhen wag #ery‘cmmm@n in women who wers elose to
the center of explosion and its incldence #&3 inverssely pr@?@rtioxﬁl to the
distance,  The iﬁaiéanée of amémarrhag in wartimﬁ‘ﬂapaﬁ, however, ﬁasﬁﬁigh

throughout the country, pa?tnauiwrlv iu bmmbed aress,

Lo Lympheold tissue: Even after 3 days th@re was a r@mﬂr&ahAP degre# Qf
atrophy of the 1ymﬁhaid tissus, R%twre'iymphacytas ha& almnst  conpletely dis-
aopeared from ths spleen and  Iymph nadps, so that nothing hut tha reticular

nl”&ll}, this WS m&i fested by a L&’i in the Efrlﬁhﬁrm’r

al lymphoceyte count, as  observed in o fww vﬁtx@nm. who hed had blocd o counts
within the first wesk, Beginning on the 5th day, - atypleal nononuclear aeilﬁ

began to appesr both in the spleen and iﬂﬂnh ncﬂ mh@ atypicel cells in

csoma instances -eéwmhL&d vmuh blasts; othersg w&y@~larger;amﬁ had bizsrre

nucled and an abunﬁanc& of bagophilic eytoplasm, %&my of the latter aﬁggﬁatm

ed the Reed-Sternberg cells in.thﬁir appéaramaeg They became very MIETous

and in some casen p@rsisﬁad for at least 3 months, 'In‘a‘fawyinstaneaﬁ,

hmﬁév@r,‘Sacaﬁﬁary'failiclas had reappeared by this time, 'bmth im thﬁ spleen
iymph ncdes k |

5, _The bone marrow was seriously affected by the ionigzing rediation of

the atomic bomwb, Definitive cells were reduced in mumber or entirely destroyed
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and the time at which the maximum depletion occurred varied between the

1st and S5th week after the explosion. In nearly every patient who lived
longer than 6 days after the bombing there was evidence of proliferation of
the reticulo-endothelium. At the onset of this process, plasma cells,
lymphocytes, and macrophages were formed, but after a period of time which
varied from one to three weeks, differentiation into granulopoietic and
erythropoietic tissue commenceds AS regeneration progressed, there was a
steady "shift to the right" of the marrow beginning from a very immature
reticular tissue and ending in favorable cases with one that closely ap-
proximated normal. The recovery of the erythropoietic portions of the
marrow appeared to proceed at a slower rate than granulopoiesis and thrombow

poiesis, but each system appeared to reach a normal state at about the same

. time, When restitution to normal occurred it was observed by the 12th to

the 16th week after the bombing.

In the majority of cases where the patient died at any time before the
6th week, the bone marrow was hypoplastice In a few patients who died
toward the end of the lst month, the marrow showed focal myeloid differenw
tiation with large numbers of myelocyteses There were otﬁer cases with a
tremendous hyperplasia of the marrow which showed the evidence of a matura=
tion defect since there was a leukopenia, In the patients who recovered,
the bone marrow resumed a normal functional states

It was possible to subdivide the fatal cases of radiation injury into
three related groups on the basis of the time at which death occurred:
Group 1: Patients who died in the lst and 2nd weeks; Group 2: Patients
who died from the 3 rd to the 6th week; Group 3: Patients who died after

the 6th week,
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The clinidal'syndfome of radiafion lnjufy'was depeodent to a reﬁarkable‘
degree on the pathologlc lesions descrlbed above.' Tt was practlcable to
013551fy the patients into 3 types: very severe, severe, and milds - The s1mi- Pl
larlty'between these clinlcal types and the grouplng of the fatal cases

examined at autopsy is good.

| Very'Severe Casess (Pathologic Groop 1)e Clinically this’typekof'patient re-

ceived the maximum exposure to ionizing radiations There was histologic evi-

. dence of injury'tojthe skin, gastrointestinal tract, lymphoid tissue, gonads,

and bone marrows but the clinical manifestetions of these ihjuries were not

-always apparents Epllatlon was 1nfrequent and purpura occurred termlnally)

in only'a portion of the cases. The patlents complalned of nausea and vomit~
ing on the day of the bombing and thls was followed by progre551ve fever,_

anorexia, severe dlarrhea, thirst, and;malalse. Death,ensuzdfln dellrlum

~within the first two weeks. When blood counts’Were:made, leukopenia was

found in most patlents by the Sth day, and p0551bly sooner, after the bomb~

inge The mortallty rate was probably 100 per: cent.

Severe Gases* (Pathologlc Groups 2 & 3)e Cllnlcally'ln thls type of case the

anatomlcal and clinical effects of the 1onlzlng radlatlon attained thelr acmes -
Durlng the 3d, hth, Sth, and 6th weeks after the bomblng the characterlstlc

symptoms due to radiation occurred. 'Some patlentSrsuccumbed~durlng~thls phase
of the dlsease, others who recovered from the acute symptoms dled after the 6th
week, usually of pneumonia or enterltls mhlch may'have been a new 111ness of

sudden onset or an exacerbatlon of 1931ons that developed earller. In other

1nstances recovery occurred. In patlents of thls type a characterlstlc symp~

tomatology'occurred and some or all of the features were ‘manifested by the

individual patlent. Nausea and vomltlng on the day of the bomblng were often
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reported, This was followed by a latent.period during which most patients
felt reasonably well, The duration of this phase varied froﬁ a few days
to as lo;g as three to four weeks, at which time ep;}ation, purpura, or
inflammatory lesions of the mucous meﬁbrane of the mouth and throat devel-
opéd. Fever and diarrhea occurred frequently and at about this same time.
In‘phe more severely affected patients, all of these symptoms appeared
after a comparatively short latent period. In the less severely affected
some combinations or all of the symptoms appeared in mild form after a
longer periods Examination of the blood at the tiﬁe when the symptoms
were most marked revealed extreme leukopenia, thrombopenia and a progres-
sive anemia. Hemorrhagic and necrotizing lesions developed concurrently
which were sequelae of the hypoplasia of the bone marrow and which were en~-
tirely comparable to those seen in aplastic anemia and agranulocytosis,
In the most severely affected patients, fever increased steadily and those
who died usually succumbed within one to two weeks of its onset.
Approximately half of the patients exhibiting all or several of the
symptoms noted above survived. In relation to defervescence the pharyn-
gitis ceased before or during, and the gingivitis after, the end of the
febrile periocd. Recovery was associated with an increase in the number of
leukocytes and platelets in the circulating blood., The red blood cell
count, however, usually continued to fall for some weeks after the onset
of convalescence, Not all of the patients who survived the acute illness
recovereds In some the bone marrow failed to differentiate properly and
exhibited a maturation defect and these patients died after a chronic ille

nessSe

Mild Cases: Persons who were situated near the limit of the range of the
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radiation or vho, although closc to the center were chieldad by neavy
buildings, manifested nild effects, Suct voticnts ned sows or a’l of Zhe
gymptoms mentionsd sbove Lut usually to & less serious extont,  The leuko-
penic ard lhromhceytopenis were .tess profound and if death occurred 1t was
dus 1o gome complicuting iliness, In others who were apparently asymmtomstic
leukopenia was discovered during routine hlood couunts, Many ol the pe-

tients of this Lype suffered from diarrhes awd complained of anorexis and
mulaire, Most of trose with the milder symptoms recovered completely, There
wers some, vowever, wnc had not regained th2ir habitusl fesling of well-baing
sven three mombha after the bombing, 4 few of these had persistemt leukow
paniz of approximetely 3000; #nd & noderste snemia was more common, It is
not known what role the distery deficlencies played in the develomment of

the anemia or din the meotracied convalescence,

The prognosis of patiephs with radistion injury appesred to dspend ou

gseveral factors:
&. The clozer the patlient wes to the center and Lhe less his pro~

~

tection by heavy construction, the more severely was he affected,

[y

b, The tempo al which sympboms appesred aiter irradiation appesred
to be related +to the severity of the offeet, In thoss patients in whom the
initial nansea and vomiting weg Tollowed by the progressive development of
fever, disrrhea, end other signs, the prognosis was the worst, In other
patiunts in whom thers was a latent period after the initizl navees aong
vomiting and before the onset of craracteristic symptoms, the severity of the
diseuse was least in those with the longest latent veriod,

&. The patients witn the severe type of redietion injury whe hed
the poorest prognosis were those in whom &1l the syuwploms of epilation,
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purpura and oropharyngeal inflammation occurred in the most severe form.
de The prognosis was the poorest for patients with the lowest

white count and few instances were reported where recovery occurred in pa-

tients with white blood cell counts of less than 500,

Comparison of Population and Casualties in the Cities as a Whole,

1. The best estimate of the civilian population in Hiroshima at the time
of the bombing on 6 August 1945 is 255,200; and that of Nagasaki on 9 August
1945 is 195,290, The deaths in Hiroshima were approximately 6,500 (25.5%)
and in Nagasaki 39,21 (20,1%) by the middle of Novémber 1945,

2. The Standardized Killed Rate (representing the number that would
have died had the population density been 1 per 1000 sq. feet) was in the
neighborhood of 79,500 for Hiroshima; and 75,300 for Nagasaki. The Standard-
ized Casualty Rates (total of killed and wounded) were, respectively, 261,000
and 131,000, This indicates an unprecedented casualty producing effect.

3. Inspection of the Casualty=Distance Curves reveals that the point
at which the chances of death were 50% was 1250 meters for Hiroshima; and
1300 meters for Nagasaki. The 50% point for injury or death was at 2100 me=
ters for Hiroshima and at 2000 meters for Nagasaki.

Lhe Correlation of the general mortality curve in Hiroshima with specific
groups whose conditions of exposure and fate are definitely known suggests
that at 1000 meters only 11¢5% more individuals died of other factors than
would have died of radiation injury alone.

5. The mortality rate for individuals in concrete buildings was much
lower than that of individuals in wooden buildings, and in both it was less
than that of the general population at comparable distances,

6. The mortality rate, and the casualty rate of individuals in deep
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air raid shelters; caves and tunnels was the lowest reported for any group.
In Nagasaki persons survived uninjured who were in caves directly beneath
the exploding bomb,

Comparison of the incidence of injuries in the sample of survivors studied

by the Joint Commission,

No satisfactory records of the incidence of esach of the thrse types of
injury for the population as a whole in each city could be obtaineds The
Joint Commission studied a sample of the surviving population. In compar-
ing the information ‘obtained in the two cities, the following factors should
be borne in mind:

a). The bomb at Hiroshima exploded some 100 meters higher above
the ground than at Nagasaki.

b)e In Nagasaki the irregular features of the terrain, and the
larger number of conerete and heavy buildings afforded some shielding to a
higher proportion pf the population than was the case in Hiroshima,

c)e There was a difference in the distribution of the populations
at various distances from the center,

d)e There may be a sampliﬁg error in that a higher proportion of
the uninjured may have reported to the investigators in one of the two
cities,

To make the comparison as fair as possible, it is necessary to select
groups of the population whose exposure was comparable before an estimate of
the relative effectiveness of the bombs can be attempted. Nevertheless, it
is of interest to compare the crude casualty estimates based on the survive
ors in the two cities.

1. Mechanical injuries: The most satisfactory groups for purposes of
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comparison were the occupants of Japanese-type wooden houses, For the part

of the city within a distance of 5000 meters of the center, the total inci-

dence* of mechanical injuries in Hiroshima was 82.8%, and in Nagasaki T1l.6%.
2. Eggggz The most satisfactory groups for purposes of comparison

were the people who were outdoors, unshielded, within a distance of 4000

meters of the center. The incidence®* of burns in Hiroshima was 89,9%; and in

Nagasaki, 78.3%.

3. Radiation Injury: The most satisfactory groups for purposes of

comparison were the people who were inside Japanese-type wooden buildings.
The criteria for the diagnosis of radiation injury in this sample group con-
sisted of the occurrence of epilation or purpura or both. The incidences

of radiation injury under these circumstances was 37.4% in Hiroshima, and
33.7% in Nagasaki. This group may be subdivided into 3 parts: those
between 0-1000 meters, 1100-1500 meters, and 1600-2000 meters from the
center, The incidence¥* of radiation injury in the smaller groups in Hiro-
shima was 85.9%, 38.6%, and 10,1% respectively; and in Nagasaki was 53.5%,
38.0%, and 18.2% respectively.

FACTORS OF EXPOSURE AND PROTECTION v

l. Mechanical Injuries,

Analysis of the data in both cities reveals that mechanieal injuries
were minimal in individuals who were out of doors and unshielded, Among
survivors they were greatest among those who were indoors in buildings of
#In the Summary the incidence of each of the three types of injury is stated

in per cent of the total number of injured persons, and not in per cent of
the total number of persons in the sample studied.
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heavy type, either concrete or brick., When, however, total mortality in
the two types of buildings is considered it was found to be much greater
in the buildings of Japanese type, since these tended to collapse whereas
the concrete structures maintained their external structural integrity.

2, Burns,

In Hiroshima, study of certain large groups under known conditions
of exposure in the open gave an estimate of mortality to be expected under
certain conditions., At 750 meters in completely unprotected individuals
the mortality is approximately 100 per cent. At 1000 meters the mortality
is 95 per cent approximately, but at 2400 meters, the mortality is less

than 1,5 per cent., Study of groups of school children shows that there is

a very sudden fall in mortality beyond 2000 meters, probably associated with

a sharp decrement both in the lethal effects of the thermal injury, as well
as a decrement in the radiation injury which would complicate the results
of infection of the burns,

3» Radiation Injury.

At 1000 meters individuals in Hiroshima protected only by Japanese
buildings and suffering no other injuries showed a mortality of 58.5 per
cent, Under similar circumstances a smaller group in Nagasaki showed a
mortality of L5 per cent.

In concrete buildings at Hiroshima and Nagasaki the mortality from
radiation effect beyond 1000 meters im nil,

Correlation of the shielding effects of concrete buildings and
shelters with survival data of patients shows that, for Hiroshima:

le At 250 meters (650 meters from airburst) more than 150 inches
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of wrter (L L 4 in, of coneraie) are necasrary Lo protent ggpinst death
. from rapiavion sffect, ound more thun 250 inches of water (9 £t of coue
crete; sre neccasury to protect upainsl radlation injury,
2. At 450 meters (750 meters from airbursh) at leact 150 incher of
. waler (5 f1 4 in, of concrete) are necessary to prmﬁ@ct againgt death,
At Tnost 250 inches of water (9 It of concrete) arc nocessary $0 o=
toet sgainst redlalien effect,
3. At 650 mevsrs (815 mebers from clxburst) at teast 100 Inches of
waler (3 £ & in, of conerete) are nece sary to protocl arginst deatlh
from redration elect, and D50 inches of wubex (7 £ o7 eonerete) are
necesrar,” to proboct against rodistion iunjury,
Ly AL 750 meters (960 weters from alrburst) at least 50 luches of
waver {1 1 9 in, f coucrels) are necessary to =wobecl arninst deaih
6 and more tasn P50 inrher~ of waler (9 £ of voscrcte) oue necossary 1o
protect agalinsl ragiotion injury, ¢ Lhe stracture hos no windows
facing cepber, then 200 imche: of waler {7 £t 3 in, ol conerote) sl
fles to protect against radlation injury,

5, Ab 1000 meters {1165 meters Trom alrvarst) more then 4 inches of

waver (1,7 ircnes of concprats, arc necorsary to profect aveinsl radia-
tion fnjury,
For Pagesalis

v L00 mevers (00 mecers from alrburet),

"

1, 8t & distenee of anpronimstel

4

the intenslty of tho iondsirp radisvion wue sucl

¢ thet sl least B incqes

wl
. of water (3 £1 ol corcr te) uns usecssary 0 orevend falal rudisiion ine
Jury., st the seme distenes, 1ros 140 Lo 210 inche: of wober (5 ft to
. 16 {Sumesxry) 16
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75 £t of conerste) was requirved to protect sgainst radiation injury.
2, Ab a distunce of approximalely 800 meters (900 meters from air-
varst), the intensity of the lonizing radiation was sueh that approxi-
mately 75 insches of waler (32 iuches of concrate) was more then
guffielent to nprevent fatal radiation injury, At this sams disztance

approximately 97 inches of water (3% £t of concrute) was adequate

shielding to preveni redlution injury.
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Section 1
IHTRODUCTION
Prepared by Askley W. Oughterson, Col., MC

1. Orgsnization:

The organization of a study of atomic bomb casuslties was directed by Brige
aGier Genersl Ouy B, Deniy, K.C,, Chiefl Surgeon of GEQ, United States Army
Forces Pacific, in approval of a plan submitted en 28 August 1945 by the

gurgical consultant of that headquarters, Colonel Ashley W, Cughterson, EC,

-

Appendiz 1 (1}.
After landing in Jepan, it was learned -that the Japanese Government had

gent several scientists from various univeraities in Japsn to Hircshima and
Kagasaki to study the effecis of the bombs, Contact was established with the
representatives of the Imperial Govermment on 3 September 1945, av which time
they submitted reports on the effects of the atomic bombe Thereafter close
iiaison was mzintained between the Japanese scientiste and the Surgecnis
Office of GHQ in Tokyo. A group from Manhattan District under Brigadier
General Thomas Farrell arrived in Japsn early in September. On L September
1948, a conference was held with General Farrell and it was agreed that it
was desirable to have a wnified control of the various groups interested in
the study of the msdiﬁal‘effecﬁs of the atomic bomb, The mission of the Man-
hattan group was primarily’t& detergine what residual radicsedivity was still
present in the bombed cities in order ito safepuard cur troopg, and to conduct
& brief preliminary study of the effects of the bomb for an eariy report to
Washington,

The Japanese Government groups had made all of the early observations
and thelr cooperation was essential, Therefore, before the departure of the
group from Manhattan Distriet ¥Trom Japan and with their concurrence, tha

Suprems Commander directed the formastion of a "Joint Commission for the
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Investigation of the Effects of the Atomic Bomb in Japan" (Appendix 2 (1) ).

20

Mission:

The obJjectives of the study were:

3.

A,

B.

C.

To determine the nature of the casualties.

To determine the number of each type of casualty in relation to
distance from the bomb.

To establish factors of protection.

Personnel:

A,

GHQ, AFPAC: The personnel provided by the Chief Surgeon's office
consisted of 11 medical officers and 11 enlisted men, and later
of a medical photographic team.

Manhattan District: The personnel of the preliminary survey
group consisted of approximately 30 officers and men, among
whose number were radiclogists and physicigts as well as medical
officers. They were under the immediate direction of Colonel
Stafford L. Warren, MC.

United States Navy: The Surgeon General of the Navy had sent
out a group under Captain (then Commander) Shields Warren, (MC)
USNR, of NavTechJap, composed of 15 officers and enlisted men.
This group worked in Nagasaki in complete cooperation with mem-
bers of the Joint Commission,

Japanese Government: A total of approximately 90 Japanese phy-
sicians and senior students were furnished by the Japanese Gov-
ernment. These were mostly from the Tokyo Imperial University.
Cooperation was extended also by members of the various medical

schools, laboratories and hospitals {Appendix 3 (1}). Very
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valuable assistance was also extended by members of the Japanese
Army Medical School and the First Tokyo Army Hospital

E. Other Cooperating Groups: Valuable assistance was received from
members of the United States Strategic Bombing Survey during the
work in Japan and from the British Mission to Japan. To both of
these, full cooperation was extended by the Joint Commission,
and the records and observations of the Commission were made
available to them.

Lk, Procedure:

When the Commission was formed, a month had already elapsed since the
bombs were dropped on these cities. In order to obtain adequate clinical
data while patients were still available, there was great urgency to enter
these cities at the earliest possible date. Permission to enter these
cities could not be obtained from the Commanding General of the Sixth Army
since troops of the Sixth Army had not occupied the region. However, per-
mission to enter the area was eventually obtained and through the liaison
with the Imperial Government this was first accomplished with the coopera-~
tion of the Japanese Police. On 8 September 1945, the group landed on
Iwakuni Airfield near Hiroshima with six plane loads of supplies. A pre-
liminary survey of the damage was made and the physicists determined the
amount of residual radiocactivity present, which was found to be within the
limits of safety. The group returned to Tokyo and on 19 September 1945
proceeded to Omu§a Airfield adjacent to Nagasaki. Here also, preliminary
observations were made and the residual radiation was found to be within
the limite of safety. Colonel Warren and a part of the Manhattan District
group remained in Nagasaki to make further investigations. On 29 September
1945, the remainder of the Nagasaki investigation team was landed at Omura
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Airfield. The start of the investigation at Hiroshima was delayed by a severe
. typhoon which isolated the city, making air or rail travel impossible until
12 October 1945, when the Hiroshima team was landed in that city by air.

5. Bcope of the Investigation:

A. After preliminary investigation conducted by the radiologists and
physicists of the Manhattan District team, the teams assigned to

Hiroshima and Nagasaki began their work. The procedure and meth-

ods of each team are outlined in Sections L4H and 4N. A total of

13,503 case records were cbtained, These were, in part, copies

of Jdpanese records of the earlier cases, and in part represented

the case histories of patients actually studied by members of the

Commission. '

The collection of data concerning factors of protection was em-

phasized. When the records were brought back to the United States

- they were subjected to statistical analysis, as presented in Sec-
tion 9 of this report.

B. The records and materials of 217 autopsies were collected and
brought back to the United States, where they were prepared for
study at the Army Institute of Pathology. The results of this
study are presented in Section 8. -

C. A special casualty study on an adequate statistical sampling
basis, was conducted under the direction of Captain (then 1st iieu-
tenant) Marvin E. Habel, FA. This was carried out in December,
v 1945, and early January, 1946, with the help of Japanese Govern-
ment authorities and clerical assistance from the high schools in
the two cities. Lieut., Harold Nisselson, USNR, of the United

. ) States Strategic Bombing Survey, gave valuable advice regarding

procedure,
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Bombing Survey, gave veluable advies regaraing procedure,

3, Studies of Spscial Groups: An ot empt vas made Lo estallish contact
with survivers of groups of individuals whose condilions of exposure
ecould be definitvely deterndned at various points {hroughoud the olily,
This, was made possible by contact ng surviving principals or veachers
of schoels, Tn this wamner, data were collecied coucerning approx-
imately 17,300 school children, The foreman of Ypatricitic work
groups” were also ought oub and valuable information was obtuined
with toeir aid, iluese studies are swmorizea in Seetion 104 aund

10K,

el

. Bulldivg and Shielding Dates 4 special efforl vas mede to delarmine
the locsticn and fate of individuels in budldings of +various type end
to correlale ihe medical faecls vitih the data converning chielding,
Building pla7ns wer: Qb%&ineﬁ in Jupan and sctual measvrawents of the
structures were made by membery of the Complssion, Upon retura to
the United Stabtes, ihe shielding fuclors weve caleulated by enginecrs

of the United 3tates Stralesic Bombing Survey (Jections 1171 and 111),

]
[

Photography: Aoproviantsly 1500 phoborravhs were obbolxd by the
Commiscion on the scens ard Troy ths files of the vanensse photo-
grapaie and imestigabing agensiec, leny of the Comulssionts photd-
graphs are In coo. as woll ag in lack and «ite, sr attespl wos
made to colleel views of the eitler before the Lombing ud Jhouo wamns
vere made from the same situatlon for correlsztion with zhe cosualiy
aaLs,  Aooroldmac.ly ope-~l i 4T the photogr phs cre vseld to illus-

trave ohe prereut soport,

5, Dizposition of the Mylerials:

the clinical records and autopsy protocols, avtopsy specimens and slides,
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blood smears and bone marrow smears obtalned by the Commission or from Japan~
ese lrvestigators, specimens of cluthing znd other materials of interest
from the poinl of view of rrotection, mhotograpbie negntives, Kodachrome
transparencies and prints, wvilding plaas and engincers! drewings, are all
stores at tha Army Irstitule of Patholegy., A guide to this ma‘erial has beea
prepared, .

Trus there is provided 4in one central locallon a corplete vecord of the
facts and materials that have been cathered to date, uhich wwow exists for
ourposes of reference, a2 well 2s a mcleus for e registry,

7. This investigation could not have been accomplished without the
guldance and ald of Brigadier Geaeral Cuy B. Denit, Chief Surgeon, GHQ, A¥PAC,
Col, Albert W, Sehwichienberg, ¥,C., Onfel Surgeon, Gi(, AFPAC, Adv,, and
Capt, J, J, Galloway. (M,0,)s USN, Chief Surgeon 2nd “rrine Division in yushu,

2, When the work of the Commlssion vas transferred to the United States
urder the Rescarch and Development Board of the Surgeon Generells Offies,

the fullest possibl: coopsrantion, advice, and asgistance were glven by the
Director of the Army Instituts of Pothology, Col, J, B, sl and ihe sieffl
of the Insbibtute, and by Col, Rolery K, « yons, Joief of the Divizion of

Biemetries, Afr Susgeonts (ffiece, snd his stsff,
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COTY ATPENGIX 1 (1)

UN BOARD
55 CENERAL STURGIS
28 August 1945
MEMORANDUM:
TO: Brigadier Genersl Guy Denil

SUBJECT: Study of Casualty Producing Effects of Atomic Bombs,

1. A& svudy of the effucts of the tubs atomic bombs used in Japan is
of vital iwportance to our courtry, This uvnigue opportuniiy may nol sgain
be offered until another world war., Flans for recording all of the available
dats therefore shovwld recelve flrst mrioriiy, 4 study of tne czsuslity
nroducing effects of these hombs is a function of the Msdical Deparimen
and this memorandum s prepered as s brief ontline for such a study.

2, The nesd fcr study st the earliest date possible,

The cazually producing effecis of these bombs shoutd be studied
at the sarliest possible mowent for the folliowing reasons:

a, Much of the data smst be obfained from tne interrogation
of tke swrvivors and irbe sconer this is sceomplished the more
aceurate will be the resultis,

b, Pogtemorten exaninstlion of the dead uay provide valuable
inforation as to the cause cof death, Three weeks or wore will
have elspsed and opportunity for sost-mortem exmmination will be
limited to late deaths among the survivors, It is hoped that some
post-mortem examin:tions may have been done by the Japanese and that
these records may be amplified by early interrogation of the Jap-
snese pathologists,

¢, Accurate case historiss by interrogations of the in-
Jured agoy nrovide the most rellasble data. These should alsc be
corvelated with the pnysicel {indirgs snd the necessary laloratory
examinations,

d TResidunl radistion effects have been suggesited as a posSsg-
ible source of danger and waile this appesrs to be renole, such a
possibility should be investignted at Lie earliest possible date,

Jy P
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3, The scope of the study.

The total number of casunitiss reported ol Hiroshima is approx.
imately 16C,000 of wvhom 8,000 are dead, ¥ven though due aliowsnce isn mude for
inaccurseies in these sstimates the goope of the problem is such ag to require
the organization of teams wilh irberpreters in order to coaplete an adequate
study within o ressoranle time limit, These teams should include patholopists
and elindeisns working uwnder the divection of trained investigetors.

Ly The dota wuhich should be obtained,

It is recognized that any plan for the ccllection of date showld
be mouified according %o the circumstances, The following suggestions
are intanded %o indicate the minimum rather than the meximus dats reguired
to properly evelusnts the casualty producing effects of tnese borbs,

£, The location of 211 casusltles livirg and dead shoald
be deberndined in reluation to the bomb and plotted on a conbour
map, :

b, AlL living casualties should be identified by nwder
for location on the mup and an exsct deseription of the cese kept
in a gross index fils, Ctandard dlagnogstic romsaclatire should
he used, Such a procedure is necessary in order teo deteruine the
different casuulty produclng zones,

c. The position or protection of all casualilies should be
determined since this may be a dolernining factor in blasi effecls
snd burne, (Stending, sitting, orens, indoors, owtdoors, in
shelters, tronvies or behind wells obe,)

d, Conslderatiorn shou-d alsc he given to such {actors o8
contour, tempercture wind sad bhueidity ir relation to cammlbies,
It is wnlikely that the latbor Trebors will be of mech Influence
bud contour way be of eonsiderable lsrorianes,

¢, Evidenee of blast effect should be searched for in both
the pathology and in the clinical history, X-rar evidencn of
Zung patholopy may be helnful, :

o DBurng should be crrefully obeerved as to degree and
cheracter, oart of tae body involved; rete of healing, cause of
death, ebe, ‘

g, A1l casuslilies should be recorded as to whethsr lhey
were dus to primary sffects of the bomb or wape secoudrry to burn-
ing buildirgs, flying debris or falling walls ete,




0

h, BEvidenco o regidual roiation «ffects, dhile trepre ir
Little Indicalion thet sush lnjaury wili e foumd 1t should nevers-
thelecg recalve orpious comgideration,

i, Complete poct-mortem exzemivailon should be nerfurmod on
all injured In whom the cause of death i3 nob clearly esteblisued,

3, It is hoped toist the Japanese may have alresdy orghni
ized on invesligotion of the ceausliles but this is unlikely uvder
the eircumstances, However muel valuable data may be obtained
Trom irtervogation of Japensse doclors and pat.clopists, Also
data valueblie from a nop tive sterdnoint mey be rbieined from ane
injured survivora who wers within the danger zone,

5, It should be emphasised Lhat singe the effeclts of atomic boumbs are
unknoun, the deta should be eollected by investigotors who are alevt to the
posalbility of death ard 1ajury due to as yeb unknown causes,

6, It is recommernded:

2, That in view of we importasnce »f the dats to bu obtalned
ard in view of thy m.pnitude of the problen thot a commiites be
appointed By tne Chiel Dwrgeon to survey the nosoioilibicn of oblaine
ing dets and to dirsct the corlscilon of the daba needed 'o propep-
1y evelunte the casvalty ovroduclng effect of the atewlc bombs,

%, Thol the wvardcocs .spechts of the laveslipslion o the casgual.
by producing offecis of the alomdie boml bs correlated through the

[l

Office of the Cnief Dureoon,

A, DUCTRSRL W
wolonel, fedical Corps
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OFFICE OF Tln SUIREE COANDT:
POR THL ALLIED POWERS

APD 500
12 Oclobar 1945

SJRJECT: Alomie Bomh Investiratron,

T0

T3

Command.ng Geaeral, kighth Army, APU 343,

i, Tune hesdousriters has directed twt a 'Jolnl Lommission
e tue Invertigation of the Bffects of the Alcmle Bomb i+ Japan®
conducl such Investisations es are neecesssry, The comxission is
corpesed of the follwing thrze wjor groups:

e, The Monhetban Project Group under 8rigedioer
General Farrell,

b, Twe GHQ Grour under ibe Chlef Surpeunts Ofice,
raprasenced by Cosonel 4, W, OGugulersdn, MC,

Tne Japanese Joverunnent Group under Loe direc.ion
of Dr, Truzki of toe Imperda® dnivorsiil, . Tokys,

2. I ie desires btuzt this comission b. Turnisiad whalever
stance 1s necossary ard yeschieabls 74 eruer *o accom) iob

r miasion, Colcarl A, &, Uvgularson ig the p’emey repr-.enig-
e of the Joint Nownmdssion i Japan, L-orovriate usises sncuwid
issued gt hi- reguest to eminie the parti-s to subter regtiicled
areas &t your command,

Lt

FUR THE SUPREME OO MARDEA

H, d, £LLEY
Oolonel, A.G.D,
d=gt Adjulant Ge epral

# similar letber wes nodvessed to 1re Sorammrding Cenura.,
Sixta fxuy, in Iyoto,
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Imperial University Yedical

Sehool, Tokyo,
|

Suhool, Kyoto,

Kyeto,

Uchiooly Usaka,

Sebhool, Eyusia,

Yamaguchl Mediesl Senesl, Uiz,

Okeyama ledical Szhoniy Ckaysre,

Japanese Ar.y 'lospibal, Ckeyaas,

Ormara Naval Hospitel, Omura.

Tuakuni Meval Hospital,

Naposchki Medical Collens, “lmglsaki,

Nishina Laborsut~y, Tokyc,

Kumamotc Madical 3¢’i00l, Tumancto.

Japanese Army Medical Schocl ond First Tokye bdrmy Hospital,

Ube Medical School, Ube,
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Seaobion 2
. PIESTES

Prepared by R, E, Marschek, Pu.D,, Hemry L, Barneti, Capt., YO,
George V, LeRoy, Lt. Col,, M0, ard R, Nakajims, MD

it is appropriate to prefoce a Report on the Medicsl Effects of the
Alomle Lombs with some noles on FPaysics, It is beyowl the scops of the Ra-
port to stteapt to present elther the physical theory or the applied phy-
sics which has nnde the atomic bomb a reality., In this sestion, Jhree sub-
Jeets will be discussed:
{A} Definitlons of cortain physical terms which ers used in the Koe
port,
(B} Fiemenbary summary of the physical rsactions ra&pansibla for the
atomic “sxplosion®,
(0} Residusl radicsctivity,
(1) Summary of lhe findings,
(2) Hevud Hedical fecesrch Institube, Report No, 150 A (Secreb) )
{4) Certein working dsfinitions may prove useful to the reader who is not s
professionsl ~adlologist, or a shysicist, % \
(1) Ionizetion: is theprocsss by which eleetrically neutral atoms or
molectles pain or losc an electron, The positively or nsgatively charged
redicle whieh results is termed ar ion, Ions may be formed by chemical
means, or by vhe azction of curtain types of radisbtion,
iutions: are electro-magnelic radiations, or slement-

(2) Iomising zad

ary particles iLravelling at high speed, which dissipate their energy through
the producidon of ionz in vhetsever medium they traverse, The Lypes of ilon-

izing rediativns with which this Heport is concerncd are X-rays, pamma rays,
and nsubrons,

(3) The energy, or the power, of electro-megnetic rediations 1s expressed
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In three conventional ways which are ralated by a formula.

(a) In wave length, given in microns, or in Angstrom units,

(b) In kilovolts, required to produce the radiation by an X-ray
tube.

(c) In electron volts, (ev) or in appropriate multiples: electron
kilovolts (ekv); or million electon volts (mev). The electron volt is a
true mpasurement of energy, used by physicists. One mev X~-rays are equal
to 1,000,000 volt X-rays.

(L) The energy of elementary particles (neutrons, beta rays) is ex-
pressed in electron volts.

(5) X-rays, or roentgen rays are electro-magnetic radiation emitted in
quanta from the elements of a target which is bombarded by cathode rays.
(Cathode rays are artificially accelerated electrons.) The energy of X-rays
may be as little as 30 ekv, or as great as 5 mev,

(6) Gamma-rays are naturally occurring X-rays which are emitted by cer-
tain radicactive elements. The energy of gamma rays ranges from 0.2 mev to
as much ag 5 mev.

(7) Alpha rays are nuclei of helium atoms which are emitted spontaneously
by radic-active elements and are obtainable artificially with a cyclotron.

(8) Beta rays are fast electrons emitted from radioactive elements; or
they are cathode rays which are artifically accelerated electrons. The
energy of beta rays ranges from 0.1 mev to 22 mev or more,

(9) Neutrons are similar to the nuclei of hydrogen atoms, minus the

electrical charge. They are emitted by radioactive elements during
nuclear fission, and may be produced from various materials in a cyclotron.

Neutrons are of two classes: fast and slow. The energy of fast neutrons is
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of the order of 3.4 mev. That of slow, or thermal, neutrons is of the order

of 200 ev.

(10) The intemsity, or dosage of ionizing radiations is measured in

"roentgens" in the case of X-rays and gamms rays.

(11) The roentgen is defined as the quantity of X-ray or gamma rays
which will produce icns carrying 1 electrostatic unit of quantity of elec-
tricity of either sign, in 1 cubic centimeter of air (0.001293 G) at 0°C and
760 mm Hg.

(12) The dosage of neutrons is measured in "n" units, which are arbitrary
readings of a commercial dosimeter, the Victoreen. These readings can be
converted into "roentgens”.

(B) Blementary Summary of the Physical Reactions Responsible for the Atomic
Explosion (15

An atom is known to consist of a small central nucleus around which elec-
trons revolve at relatively large distances. The average distance of an
electron from the nucleus is about one hundred thousand tires as large as the
diameter of the nucleus, so that most of an atom consists of empty space. In
spite of the small size of the nucleus it contains most of the weight of an
atom. In additioca to size and weight the electrons and the nucleus of an stom
have an electric charge. An electron carries the smallest unit of negative
charge which has been observed. The nucleus is positively charged, and the
number of charge unite it carries varies from one element to another., This
nunber determines the number of electrons attracted to the nucleus to produce

an electrically neutral atom. All electrons have the same weight and charge,

(1) Prepared in part by R. B. Marshak, Ph.D., University of Rochester, Depart-
ment of Physics.

3 (2) 31




end the number ond arranpenent of e ectrons ~f =n olon determdines the chemlcal
. peoperticrs of the element, This nisture of Je gtom compoged ol o nuclious
and revolving slectrons rermils an understanding of nearly all the physical
and chemica. properties of matter. DSuch a concent, hovever, wonld net pale
mil an explaration of the vurkings 0 an avemic bomb which devends essentisily
on thy divisible =sture of the stomic aucleus,
Cince 1932 1t has veen known thot satomic neelel are constructsa oub of
two [urdomental building blocks, nemely protons and neatrons, A proton is the

vuciets of o Fydrogen riom znd carries one vl of nosltive elsctricsl chwrge.

Thicr undb is ol the gawme maprnliuwle as toe unit of negotive churge on e gle
getron, A neulron carrles no charge ab all, snd its welght is neprly the same

ag a wroton, The welgbd of a neulron is avoul 2000 timss that of an eleCtron,

PR

Ine rmomboy of probons in the nocleus of gn ston ds cullsd the atomlc nuwek r.

b3
+

Tre combined number of neutvont and wpobtonz in the nuclews ds enllaw the nass

vamber (or the utomie weight) of the atum, Most eleweuts exist in several
The ruclel of the diffobert isotoves of

aifferent forus, called igolabes,

e S MY

en clemsnt contedn thw same nowber of probons, bul a divlarent nuwiber of nege

trons, The nue zus of B wraniam otor, Jor exmmple, slunys hee D2 nrooons,

s

Three isctopes of weandum ocour natur. iy, e nueled of obieh cave 142y 343

or 146 noubrons, vespectively, T is weenius of ness merbup (U 235, witn L3

I

%

neulrons, which was used in the rochims~type atomle bomb, Fhysicists have
succas dad in manufacturing several ~lementsn widisl do mot ocgur malurally, One
of' these is Plubonluy, vhose -torde numbev 3o 94, This elesent is » rodueo

.. from vhe urenium isolows (U 235), Une isotope of Pluotonitme hes o M85 Nl

ber (Flutoniem 237) which is tle material Lhnb wus used in the Haszssski-tyoe

ps
i
*

atomie bomb, Tds uves 3o tope of bomh eanloved In the Bikial o3
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' Extremely strong forces hold the neutrons and protons together inside
an atomic nucleus. The forces are a million times as strong as the elec-
trical forces holding the electrons within the atom. The strength of nuclear
forces is exhibited by a comparison of the mass of an atomic nucleus with the
total mass of the separate protons and neutrons of which it ig composed, The
former is roughly 99% of the latter. According to Einstein, mass and energy
are equivalent and can be transformed into each other. Morecover, & small
amount of mass, if completelf transformed into energy, is equivalent to an
enormous amount of energy. For example, one ounce of mass is equivalent to
the output of the power plant of Boulder Dam for an entire month., Therefore,
the observed one per cent difference in mass between the atomic nucleus and
its component protons and neutrons indicates the tremendous strength of nuclear
‘ forces and reveals the large amount of energy that is stored in the atomic
‘ nucleus. Tearing the nucleus apart into its separate protons and neutrons
by any ordinary means would not release energy but would require more energy
than the)amount binding the nucleus together. However, in the atomic bomb,
the process of nuclear fission supplies the mechanism for releasing some of
the energy within atomic nuclei. This occurs because the difference in mass
between a nucleus which can undergo fission and its fragments after fission
is one-tenth of cne per cent:
- Nuclear fission was discovered in 1938 when it was found that U235 when
struck by a neutron split into two large fragments, sne with an atomic weight
of about 100 and the other with an atomic weight of about 135. Other heavy
nuclei have since been found to undergo fission too, namely, plutonium,
thorium, and others of less practical importance. As the atomic weight de-

creases, nuclear fission becomes less probable, and it is very unlikely that
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elements with atomic weights less than 200 are fissionable. It has been
found that elements whose nuclei can undergc fission are naturally radio-
active, and are generally alpha-ray emitters.

The most striking fact about nuclear fission is that extra neutrons
are given off during each fission process. The extra neutrons make possible
the release of atomic energy in practical amounts. Without the extra neu-
trons, nuclear would be an extremely rare event and no appreciable
amounts of energy could be released. With the extra neutrons, the fission
of one nucleus will produce enough neutrons to induce fission in other nuclei
and the process will proceed-under proper conditions - until a great many
nuclei are affected. When this happens, it is said that a chain reaction has
taken place.

In order to make a chain reaction go, it is necessary to use a sufficient.-
1y large amount of fissionable (or, as it is called, active) material, If a
small lump of active material is exposed to neutrons, fission will occur and
extra neutrons will be produced. But most of these neutrons will escape from
the lump and not enough will stay inside to keep a chain reaction going. If
a chain reaction is to be supported, then, on the asverage, at least one of the
neutrons produced by each fission must collide with another nucleus of active
material and produce another fission. If it is assumed that two neutrons are
produced per fission, then not more than one nsutron should be allowed to es-
cape from the lump of active material. For example, if the lump of material
is the size of a pea, and if two neutrons are produced per fission, more than
one neutron will escape from the lump before it can collide with a nucleus
of active material and make it undergo fission. As the size of the lump of

active material is increased, a point is finally reached at which just ag many
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neutrons are produced by fissions as escape through the surface. This volume

of material is called & critical mass. Amounts of active material greater

than the critical mass will sustain a chain reaction. The rapidity with which
a chain reaction develops determines whether or not an explosion will occur.
If the system is made only slightly over-critical and operates with slow neu-
trons, the chain reaction develops slowly. The system can be controlled and
the energy set free at a slow, steady rate. This is what happens in an atomic
energy pile. If the system is made strongly over-critical, and operates with
fast neutrons -~ neutrons having velocities of thousands of miles per second -
the chain reaction develops very rapidly. ZEnergy is released at an explosive
rate and the active material quickly reaches a very high temperature. The
high temperature makes the active material expand and therefore become more
dilute, As the active material becomes more dilute, a larger proportion of
the neutrons escapes, and after a while the nuclear reaction stops. During
the short time available before expansion stops the chain reaction, the fast
neutrons cause a sizable fraction of the nuclei of the active material to
undergo fission, thereby producing an explosion of unprecedented violence.
This is what happens in an atomic boumb.

The nuclear radiations resulting from these reactions comstitute the
most importent part of the present discussion, The fast neutrons emitted dur-
ing an atomic bomb explosion enter the atmosphere and some are appreciably
slowed down - through "elastic collisions™ with the nuclei of oxygen and
nitrogen within a radius of several hundred meters of air. The slow neu-
trons can then be "captured" by the nuclei of various elements in the air and
on the ground. When a nucleus captures a neutron its charge stays the same,

and its atomic weight is increased by one unit. The isotope thus formed has
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too many neutrons for its quota of protons, and tends to discard one of its
neutrons. Since it cannot eject a neutron bodily, it accomplishes the same re-
sult by transforming the neutron intec a proton end an electron, or beta ray. The
beta ray leaves the nucleus with considerable energy. The resulting nucleus with
its additional unit of positive charge (proton) is still surrounded by the orig-
inal number of electrons. It therefore quickly attracts an outside electron to
Join the other orbital electrons so that a neutral (uncharged) atom is formed,
In addition to the beta ray, some electromagnetic radiations called gamma rays
(a gamma ray is a nuclear X-ray) are given off. The gamma rays carry off excess
energy and enable the product nucleus to adjust itself to its new quoto of pro-
tons and neutrons. Beta and gamma rays are called atomic radiations and the un-
stable nuclei which emit them are said to be radioactive. Not all of the radio-
active nuclei shed their atomic radiations at the same rate; some nuclei do so
more rapidly than others, and it is found that on the average it takes a charac-
teristic length of time for half of the radiocactive nuclei to emit their atomic
radiations. This length of time is called the half-life for radioactive decay.

More important than the atomic radiations asscciated with the radiocactivity
induced by the neutrons emitted by the bomb are the atomic radiations emitted
during the atomic bollb explosion itself. Gamma rays are emitted in great num-
bers during the process of nuclear fission. Moreover, the fragment nuclei re-
sulting from fission, the so-called fission products, have far too many neutrons
for their quota of protons and are thus strongly radicactive.

For example, suppose that Uranium 235, after being hit by a neutron, splits
into a Xenon nucleus of atomic weight 140 and s Strontimm nucleus of “dtomic “weight
96. The Xenon mucleus has 54 units of positive charge and normelly contains at

most 82 neutrons. Similarly, the Stymmtiumnucleus has 38 units of positive charge
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and normally eomtaing 2l most S0 weutrons, Thus the Kenon and Strontium maelsi
would rormatly ﬁccﬂmmadaie pinety-twe protons and 132 neuttons. The Uranium 235
rurleus has ninelvetwe mrotoas ana 1L peuirong, Ioncludiig ihe oripi-wl neus
pron that cavesd fiscion thers are, then, 3k nsutrense Therefors the Yenon
and Suroutiur wvaledl have s large excese of peubtrons shich they most dispese of
in some fashion, They do Lhis paidly by emitiing neutrons, bt mostly through
converting the nesirons into protens throuwh the emizsicn of electrens and
gamma rays. At the same time, lhe Xenon and Stroniium wwelei decay into other
elerents which Lave gmaller neulr pemtowproton ratioc and are thereflore
more fLables A& great verdey of wlesenmue of intermediate ctordc welgnt are
forind among these radicactive flasion producis, with halfwlives varying from
FRCONAS LD YER1'De

of the iypes of ionlzlag radiations discussed, namely, veucvrons, elpha
and bela particles, and gaae ra s, the latior deserve by far the greatest ale
tentiur, Heuteons ace several tures as elfective as gaman reys in the produce
tlon of blolozical eflects, and they undoubtedly contributed to the injury of
persons dircotly sxposed wiibia a rading of pproximetely 1000 meters, The
presence of fant peubrons on the prouwnd in Jupan was demonsiraied by the de-
oottt on of radic phasphores in toe sohi'or of electrical jusulatorz. This is
& typdeal Dast nevleon eflecbs  The prorsence of slnw nentrons on the ground,
aad the fact that thoy enteresd hume bodice was demonstrated by the detection
of radiosctive phogphorus wnd caleium in Lones collectzd near ihe center, and
in bones of petients whe Jdleds fL secws likely, howaver. that persons expnsed to
fast and slow neutro g would nob heve rupvived the other casuwalty-producing
apents, and would therefore not o rociuded in ohe erown of sarvivors siudieds
Buta particler could bave come only from the fission products, or from radice

active elemewts induced by neutrens. It is very unlikely that beta rays played

2 (2) 37




. any role in the production of biological effects because of their very short
. range even in air, and because there was only an insignificant quantity of fis-
sion products or induced radioactivity on the ground beneath the bomb. Alpha
particles could have come only from the deposit of unchanged active material,
and it is unlikely that they could have been important for the same reasons.
It seems correct, therefore, toc consider the bilological effects observed in
“ the survivors studied as due entirely to gamma rays.
The meane by which gamme rays effect biological material is not entirely
understood. It is known that when electromagnetic radiations pass through
tissue, energy is transferred to the orbital electrons of the atoms of the
tissue. The absorption of the gemma ray's energy causes an electron to move
through tissue with great energy (and speed). This energy is dissipated by the
formation of pairs of ions in the atoms and chemical molecules along the path
O of the electron. An important feature of this process 1s the fact that more
ionization occurs toward the end of the electron's course., Thus, the more ener-
getic radiations produce their greatest biological effect at some distance be-
neath the surface of the body; while the less powerful ones have their energy
dissipated in the skin and in the tissues immediately subjacent to it. It has
been stated that the bioclogical effects observed are in some way the consequence
of this production of ions within living cells, Whatever the mechanism leading

~ from this point to the modified behavior of cells, it seems clear that the radio-
logic action begins with these changes in chemical structures,

- (C) The term "residual radicactivity" is applied to certain radiologic
phenomena which have been discovered in Hiroshima and Nagasaki after the atomic
bombing. Soon after 6 August, several groups of physicists under the general

supervision of Prof. Y. Nighina of the Institute of Nuclear Physics, visited

Q Hiroshima. They determined that the ground beneath the point in the air where
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the atomic bomb exploded, and for a variable distance in all directions, was
radioactive to‘an extent which could be measured by Neher cosmic ray meters,
Lauritsen electroscopes and Geiger-Muller counters. The area of the phénome-
non was plotted on maps; and a variety of materials: human bones, soil, sulfur
from electrical insulators, metallic objects, etc., were collected and ex-
amined. These gtudies demonstrated that the radioactivity had been induced
by the well known reactions of fast and slow neutrons. See Appendix LH (1),
(9), (10) and (11). Further studies revealed a region approximately 3.0 Km
to the west of the center in the vicinity of Furue and Takasu villages where
radicactivity was detectable. An investigation of this phenomenon demonstrat-
ed that it was due to the déposit:of radicactive fission products from the
c¢louvd which formed after the explosion and t;avelled to the west with the pre-
vailing wind. The residents of the district reported that a "colored" rainfall
occurred shortly after the bomb exploded. (Appendix 4H (1) and 4N (17) for
further details.) The findings in Hiroshima were verified by the ﬁanhattan
Pfoject Atomic Bomb Investigating Group on 8 - 9O September. The technical
report of this group is classified, and has not been examined. In the pub-
lished summary report (1) it is stated, page 33, ". . calculations showed

that the highest dosage which could have been received from persistent radio-
activity at Hiroshima wes between 6 and 25 roentgens of gamma radiation." It
is not stated in the report whether this estimate applied to the radiocactivity
of the center, or of the Takasu area; but one assumes that the latter is meant.
The Japanese made careful studies of the rescue workers who came into the cen-
ter of the city shortly after the bombing and also of the residents of the

(1) "The Atomic Bombings of Hiroshima and Nagasaki" by Manhattan Engineer
District, Washington, 1946.
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region where the fission products fell and could find no evidence of injury
attributable to residual radiocactiv ty in any such person.

After the bombing of Nagasaki other Japanese physicists under the general
direction of Professor Shinohara, of Kyushu Imperial University, visited the
city and measured the intensity of the introduced radiocactivity in the vicinity
of the center. The details of the investigation of soil, human dbones, and
other materials can be found in the original reports, Appendix 4N (17),(18)
and (19). When the party of American physicists visited the city after 13 -
1k September the measurements of the induced radiocactivity in tﬁe center were
verified. Monitoring groups made surveys of the countryside and located an area
of radiocactivity 2.7 Km to the eastward. This was subsequently found to be
caused by the deposit in a rainfall of fission products, from the cloud that
formed after the explosion. The presence of radicactivity was detectable in
Shimabara village and Chijiwa village which were 20 Km and 32 Km, respectively, \
east of Nagasaki,. The most radioactive region was the Nishiyama res-
ervodr: ddstrict,, 2.7 Km distant. The intensity of the residual radioactivity
in this region has been followed carefully not only by the Japanese physicists,
but also during the period 25 September to 20 November by physicists with Team
11 of the Naval Technical Mission to Japan. The technical details of the study
of the residual radioactivity in this region are included in reports which
are classified. (1) In the published summary report referred to above, it is
stated tpat the highest dosage that could have been received in the Nishiyama
region was between 30 and 110 roentgens of gamma radiation. It would have been
(1)a. "Measurement of the Residual Radiation Intensity at the Hiroshima and
Nagasaki Atomic Bomb Sites', Naval Medical Research Institute - 160 A-16 April
1946 (Secret)

b. The report of Captains R. A. Tybout and B. L. Collins to the Commanding
General, Manhattan Engineer District. (Title and Classification not known.)
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TABIE 1

-LUKOCYTE COUNTS. NISHIYAMA DISTRICT

DATE . MEAN STANDARD DEVIATION
1 October 1945 10,200 3,300
15 October 13,500 6,690
28 October 15,700 6,640
#17 November 7,300 1,690
1 January 1946 15,900 9,530
15 April 18,900 7,080

TABLE 2 ;

DIFFERENTIAL LEUKOCYTE COUNTS. NISHIYAMA DISTRICT

AT PERIODS WHEN SIGNIFICANT NUMBERS WERE AVAILABLE.

1 Oct. 15 Oct. 17 Nov' 15 April Normal™®
Polys }"-)'l'.h )"'7‘7 5706 5003 53'0
Lymphs hi1.6 32.0 32.7 28.3 38.0
Monos 5,6 5.3 h,7 7.9 5.0
Eos 8.4 1ik.9 h,7 13.5 3.5
Number 15 27 61 10 28
Yo ¥e
Mean 7572 17370 7356 21849 -

*These data are from Naval Medical Research Institute Report 160-A
*¥Misao report, Japanese normal, Appendix UN (3)

#¥¥These means are different from those in Table 1, since they are the means
only of the subjects for whom differential counts were made.
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It is not possible at this time to offer an adequate explanation of the
leukocytosis reported by the Japanese. The blood films display indubitable
evidence of an increased number of white cells in meny of the preparations,

80 that the easy explanation of technical error camnot be used. The most
striking feature of the slides from Japan is the increased number of eosino-
phils. In the appendix, the absolute counts are tzbulated, and it can be seen
that the average absolute number of eosinophils increased steadily. The great-
est increase occurred in the month of October, and a comparison of the per-
centage change in the eosinophil counts of the Nishiyama people with those who
were probably exposed to ionizing radiation from the bomb-burst shows that

the change was much greater in the case of the former. The other elements of
the differential cgunt are increased, but the}e is no systematic significant
change of the same order as that observed with the eosinophils. The morphol~
ogy of all the white cells appeared normal. Stippled red blood cells were
seen in some of th? preparations but for technical reasons it is not desirable
to attempt to say what per cent were involved. Unfortunately the blood films
that were made by the Joint Commission in November are not available for com-
parison, and for independent counting. There is, however, no reason to ques-
tion the validity and the good faith of the work of either group.

In the Nakajima report (Appendix 4N - 19)it is stated that all of the
residents of the Nishiyama District consider themselves perfectly well; and
that they appear to be well, It is worth pointing out that except for the
normal values reported in November, the changes in the blood picture might be
explained on the basis of hookworm infestation. The time relations, and the
absence of specific symptomatology is strikingly similar to the changes ob-

served in recently acquired ancylostomiasis and strongyloidiasis among
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American Forces in the Pacific.(l) Since there is no record of stool ex-
aminations of any of these subjects, it is fruitless to speculate further on
the etiology. The most that can be said is that leukocytosis and eosino-
philia has occurred in some of the residents of the Nishiyama district. In
this district it was found that fission products of the atomic bomb were de-
posited in amounts such that a gamma ray dosage of 30 to 110 r could be re-

ceived by persons continucusly in the area for a period of 6 weeks.

(1) "Bosinophilia, Ancylostomlasis and Strongyloidosis in the South Pacific
Area", by A. A. Liebow and C. A. Hannum, Yale J. Biol. and Med.
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Appendix 1 (2)

The data pertaining to the residents of the Nishiyama Reservoir District
is sufficiently unusual to justify the presentation of all of it. Table 3
is a reproduction of the data sheets submitted by Prof. Nakajina. Table k4
is a reproduction of the absolute differential counts which were made on the
60 blood smears that were sent to the Army Institute of Pathology by the
Japanese., An analy§is of the data was performed by Mr., M, Geisler, statis-
tician,

ANALYSIS OF WHITE BLOOD COUNTS IN NISHIYAMA

TAKEN AT INTERVALS FROM OCT. 1, 1945 - APRIL 15, 1946

"In addition to the normal variation in white blood counts which oc-
curs in individuals; there were two principal factors, ascertainable from the
available data, which introduced further variation. These two factors were
the age of the subjects and the date upon which the counts were made, as
measured from the date of the atomic bomb explosion. Table 5 presents the
data by age groups and for five dates subsequent to the explosion:

TABLE %

AVERACE WHITE BLOOD COUNTS BY AGE GROUP
AND SELECTED DATA, AFTER ATOMIC EXPLOSION
MADE™ON NISHBIYAMA SUBJECTS

AGE NO. OF

GROUP SUBJECTS OCT. 1 OCT. 15 ©0eP, 28 JAN. 1 APR, 15 MEAN
0- 9 ks 11.6 15.9 17.7 15.6 18.9 15.9
10-19 46 13.2 15.0 15.7 16.4 20.9 16.2
20-29 20 9.3 11.1 16.0 17.4 19.1 14,6
30~39 16 9.0 13.3 15.0 15.2 12.8 13.1
Lo-49 17 9.5 13.8 15.3 17.5 17.7 14.8
50-59 18 7.7 10.6 10.9 13.5 15.8 11.7
60 & Over 14 6.3 10.0 1.1 16.1 21.9 13.7
Mean 10.5 13.7 15.5 16.0 18.7 1k.9
Standard Devia- N - " 4

tion of Mean ~,31 -.50 2,58 -.79 -.59
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The average leukocyte counts, except from that based on the counts of
October 1, were abnormally high, as examination of the means and standard de-
viations of the means show. The standard dgeviatitiswere computed so as to
eliminate, to some extent, the variation in counts with age, by determining
the standard deviations about the mean count within each age group, rather than
about the General Mean for that date.

These data show an increasing deviation from normal in the mean white
blood cell counts with time, This trend is indicated for all age groups but
0-9 and 30-39, so that it appears to be independent of age. The variation in
the mean counts found for each of the age groups is significantly less than
that found for the different dates. In addition, no significant correlation
wag found to exist between the age of the subjects and the size of the count.

Comparison of the findings based on our data with those given in Table 5
of NMRI - 160A showed ¢onsistent results as Tab}e 6 below indicates:

TABIE 6

COMPARISON OF WHITE BLOOD COUNTS

NAVY AND ARMY DATA

DATE NAVY ARMY

Mean Stand. Dev. . Mean Stand. Dev.
Oct. 1 9.6 3.4L 10.2 3.33
Oct. 15 14,8 7.4 13.5 6.69
Oct. 28 6.2  8.43 15.7 6.6k
Nov. 17 7.3 1.69 - -
Jan. 1 - - 15.9 9.53
Apr. 15 - - 18.9 7.08

The lower standard deviation in the Army series results from the partial

‘elimination of the variation due to age, in the computation of the variation

among the counts of the patients on each date.”

The major change in the absolute eosinophil count occurred between 1 and

28 October, when the per cent change was plus 309%. This variation is compared
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CASE NO.
I-2
I-4
I-9
1-10
I-11
1-32
I-33
I-3k
I-35
1-36
I-37
1-39
1-50
I-52

I-107

MEAN

TABIE ba

ABSOLUTE DIFFERENTIAL COUNTS - 1 OCTOBER

POLYS
2560
3460
5130
k4o
3470
3020
4120
9200
1690
2840
3230
2970
4200
4010
Loko

3912

EOS
410
430
240

1040
220"
960
130
290
210
1090

940
970
480
1380

720

634
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LIMPHS

4130
2950
3620
2890
2300
1560
4860
5940
4670
1130
2kho

250
5520
2130

2930

315k

MONOS
k9o
360
600
800
560
320
200
680
320
250
230
8ko

1080
380

2k0

kg0
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with the per cent change during the same period for person with radiation
injury, in Table 8.
TABIE 8
Comparison ofl eosinophil change in Nishiyama subjects, and in patients

with radiation injury.

PER CENT ABSOLULE

8th WEEK 12th WEEK CHANGE BETWEEN
NUMBER PER CENT NUMBER FPER CENT Bth & 12th WEEK
Hiroshina¥* 236 2.3% 390 5. 7% “ 66%
Nagasaki* ho1 6.8% 641 8.7% - 30%
Nishiyama 630 7.8% 2593 13.2% +309%

¥Patients in exposure groups A and B, (See tables 21, 22, Section 6.)
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TABLE 4b

' ABSOLUTE DIFFERENTIAL COUNTS - 15 OCTOBER

CASE NO. POLYS BOS. LYMPHS MONOS .
II - 10 4310 1800 2820 860
II - 3k 6430 1040 5300 1330
II - 35 . 3940 200 2880 870
II - 12 8570 1690 4290 2140
I - 13 27120 2430 5790 2130
II - 60 5820 3650 4000 1710
MEAN . 9365 1802 4180 1505
r
|
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CASE_NO.
IO - 37
III - 12
IIT - 13
III - 3
I - 7
III - 8
IIT - 17
ITI - 19
1T - 20
III - 51
11T - 5§
III - 71
I - 75
111 - 83
III - 8é
ITI - 91
ITT -106
IIT -110
ITT -11k
III -120
III -122

TABLE hc

ABSOLUTE DIFFERENTIAL COUNTS - 28 OCTOBER

POLYS

4150
7370
21530
14540
9060
9140
3610

- 10530

8490
6220
8400
4190
17720
8360
11110
6200
2680

4310

6700
11500

12570

EOS.
3240
1980
2250
7390
5790
4230
810
9930
5810
180
2320
590
830
4960
2070
2920
300
900
310
750
4390
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LYMPHS
7520
7530

10510
5080
8300
ok60
2750

10330
7300
3880
4780
5920
4970
8630
8290
3700
1840
1800
2340
2260
5600

MONOS
260
1720
2000
230
1540
1350
230
810
1340
540
1160
590
1160
550
1240
580
340
580
250
1290

2340

50




TABLE kc-continued

CASE NO. POLYS EOS. LYMPHS MONOGS
IIT 123 L4610 990 2570 260
IIT 12k 3810 760 5170 760
III 126 6560 1190 3690 690
III 148 4690 3200 5330 960
IIT 156 8490 110 5520 1270
IIT 202 6970 1820 5310 1030
MEAN 8278 2593 5570 928
TABLE 4d

ABSOLUTE DIFFERENTIAL COUNTS - 1 JANUARY

CASE NO. POLYS EOS. LYMPHS MONOS
Iv - 37 8030 1480 2220 550
Iv -132, 35150 2450 6720 3060
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CASE NO.
v 7
v 8
v 91
v 110
\ 120
v 122
v 123
\ 121
v 135
v 203
|
MEAN |

TABLE Le

ABSOLUTE DIFFERENTIAL COUNTS - 15 APRIL

POLYS

Lo70
9000
13140
5320
19280
21600
6330
6420
7380

17300

10980

EGS.

3600
3160
10100
1050

1290

4300

540
290
2950

2260

2956

ol (2)

LIMPHS
h160
12320
11740
k50
2760
5830
1970
\3140
7380
8090

6189

MONOS
280
1110
2820
520
2570
1940
750
640
11k0

750

1720

52




(e) se

€S

Eas

Polys
Lymphs
Monos
Eosin
Total WBC

Number of Cases

1 OCT. 1945

Mean
3360
3155
423
634
1572

15

*Misao data, Appendix LN (3)

¥¥Standard error of Mean,

A P
3

TABIE T
AVERAGE ABSOLUTE DIFFERENTTAL COUNTS

28 OCT.’l9k5
SX** Mesn % Mean
343.6 8278 85k.7 10984
4o1.2 5570 499.k4 6189
68.3 929 109.2 1720
103.3 2593 288.0 2956
- 17370 - 21849
27

15 APRIL 1946
) sX
2014.8
751.8
48,7
901.8

-

10

NORMAL

JAPANESE* -

AVERAGE
3710
2660
350
252
7000
28



Section IH
UTROSHIMA CI77.  GENERAL REMARES#
Prepared by Averdil A. Lhebow, Lbt. Uole, ¥C
The eff=cis of the explosiun of Lhe atomic bomh at Hivoshima were
determired by the nature of the terrain, the structure of the city, ard the
Aistribution and cccupations of the population. Consequently, these factors
muah be reviswed, since this repurt 45 as mach concerned with cesusliy rates
and protection frem injury as it is with detailed clinical observalliens,
Hreshdms, “Broad Telend," is really a conceries of six islandz, which
lie amwong the termlinzl branches of the River Otz. Lapping thelr southern
ghores are the waters of a beaubtiful bay where loom the sharp peaks of many
|
grardian izlands.

STTE aRD STRUCTURE OF WIROSIIMA

The =ity is bolll uporn the flat della«land of the Oba. Only the tritie
cated cone of Hijiyema (height 89 meters) interrupis the table top flabtness
of the delta and even this elevation is more than a mile from the center of
the explosion, Its shielding effect is relatively silght since most of the
iand io lom shadow iz ccoupled by a atorvape ares. 0Oa teo sides éf the delta
which hes 1ts avex at the north, the hille rise sharply. It is as if a
great flat iren had been pressed inte the hilly country inland from the ses,
#ome of the statementz in Secilon 3H are based vpon the following reports:
i. QGovernor of Hiroshims Prefecture: Damape Sustained from the Air Avbtack
sgainat Birashﬁm& on 6 August and Countermeasures Taken. Dated Z1 Angust
1245, (Tranelation of Japanese Document ),

2. United Btates SBtrategic Bombing Survey: The FEfTects of the Atomie
Bombings of Hireshima and Wapasaki,

3o British Misslon to Japani Raport of Investigation of the Effects of
the Atomic Bombs Dropped on Hirveshima and Nagasaki.
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M yisr ol ¢ e cit, feom *re alr (Jigwe L) shows b~ 3L sopsirbioed
larzely of ciosely wmacwd, fragie, enracte.isJically Jaimanrse one, two,
or one- andes~hall chorr waoden lathwerk and clay hoivses, Tne busincse
sentiony, ritain whick wese most of Lue gcouerebe biildings, was largeay
alung tne mein street at tre soulbern boundary of the mililary roselré-
bion thet neouplied -auen of ithe cenber of tre elby ard clong the large
thorongisare +hisi rung perrenéiculerly to this sbtreet, directly svutn

Irem the ma’n eubtrance of rhe miliv-ry area,

4

Bricvk bui.dings goneraily were few and smail Loy fear of espbhoustes,
For the sane c~eason tle comerete shrictires yers swerisiugly massive, .he
hervy Ladlaings were nob rronged I olid rows as in the laoree citiec of
Tokyo and Owaka but wore scatlered amoag uumerous oraivar: i=dlemmoble
dvellings wuvl olaces «f businecss, Iris clreom slonee weg sot ~urh wg wou'ld

of

tard Lo Jiut 1he soread of PMres, IFshgel Mreapresks versz 1 e brancrss

4

of tne Ma en thelr way to th zen 4D Lhe geresele 1 2 vis wverc ferge and
addition:l pesve-tion ngalinet Ilire scem i necessary, ITn recrpniti n o
tiis, even tafrre Aoril 1M, tae citicenry lwd orasnin.d ts co.rrrmct
fairebracks Ly levelling »locks of acmes, Thoere lanes are clieasdy chown in
the air photosyash {fioure 20,

“Aroshling weg not primaril s en Iasdustriasl center  The fev 'arge face
turics were scat.ered or tie frircer of the cltyr, Por tnis reasop bney sude
teinad 1idtls admage, Here were a Javge brovc. of Toyo jaamnsirles, a irr e
dlisbichl shipbullc lug ¢ woony, a *ilsubishi wac.ine tool faer. oy, anc st
leasl two larpe rayon plants, Lls grect mille ¢f tue Japsn Stesl Company

were to t' e souiheast protested by s range ol hills, Consistend wity tue

damarese plan of totsl war, werc ihe meuy sisll [=ctorie: occiying natiwve
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buildings in which thousands were employed, and the innumberable home work-
shops. It is estimated by the United States Strategic Bombing Survey that
75 per cent of the industrial output was from the great factories previous-
ly named. |

Hiroshima's place as a militaery center overshadowed 1ts industrial
importance. Just north of the center of the sxplosion in a roughly penta-
gonal area was concentrated the military power of central Japan. From this
had come the authority for the conguest of Manchuria and in earlier days
for the successflul attack upon Port Arthur. The headqﬁarters of the Second
Grand Army wer; loceted on an artificial island protected by a moat. On
this same islaﬂd was the ornate castle, a relic of the Tokugawas. In the
southwestern part of the pentagon, very close to the center of explosion,
were the divis%onal headquarters and barracks, row on row. Other units

were disposed as shown in ¥igure 4. The exact number of military personmel
in the central‘area is difficult to assess as what records had survived the
bombing had been destroyed by military order after the surrender. In the
city there was an army rationdepot, a large clothing storage depot, and
behind Mt. Hiji, a large ordnance area., Much of the ammunition was, however,
stored in cave§ in the hills on the roads leading to the naval bases of Kure
to the north and Iwakuni to the south. The city had been at one time a
major shipping:point for army supplies and men but this function had lately
atrophied.

Disposition of the Population: Most of the population was concentrated

within 2,000 meters (slightly over a mile) of the center. Here, leaving
the military amea out of comsideration, lived roughly 145,000 of the

255,000 inhabitents. The population density was at its greatest here,
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about 55 per acre, in contrast with less than half of that density beyond
2,000 meters. This data is presented in detail in Section 10 H. Practi-
cally this entire population was at risk on account of the flatness of the
terrain that has previously been described.

|
Activities of the Population: To reconstruct something of the scene we

rely on eye-witness accounts and on various official reports that are sum-
marized elsewhefe. Much of the detail was obtained from patients during
thelr visite to the hospitals and clinics. The city was just entering upon
its bustling morning activities when the bomb was released at approximately
15 minutes after 8 AM of the 6th.of August 1945. Labor in the fields and
the activities of the military camps had long since begun. Much of the
population was in the street. The night workers had just been relieved and
were on thelr way home. The factories and offices in most instances had
opened for business or were aboubt to open and the staffs of the City Hall
and of other municipal establishments were at their desks. Even in the
banks, the waiting rooms were filling but the people, as at the Sanwa, had
not as yet been admitted to the floor. The department stores, including
the T-story Fukuya, were just recelving their first customers but these
were as yet few.

A considerable proportion, approximately 5%, of the population was
organized into patriotic work-parties (Giyutai). Many of these had already
taken up their tasks. One group, numbering almost 600, had traveled from
the distant village of Otake and were Jjust entering the city over the Kol

bridge when the bomb exploded. Some of thelr fellow-townsmen were lined up

in front of their administrative office, near the Temma bridge, awaiting
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instructions. The fate of these groups is recorded below.* An importent
factor is that @any, including some 6,000 school children, were engaged in
clearing fire-breaks, The lane had been prepared by destroying the flimsy
wooden building? and evacuating the tenants to other places in the city or
1o nearby villa%es._ The workers were removing debris in these completely
exposed areas, ‘It happened that the firebreaks were near the center of the
explosion and t?e people were consequently compleiély dnshidlded from its

direct effect. iThe position and extent of the fire-breaks before the

bombing are shown in the air view (figure 2). The activities of the school
children and thé casualties are summarized in several reports thet are de-
talled velow. 4ctually more of the children were engaged in factory and

manuval labor than in school work.
|

The warmth of the day was an important factor in determining cagualties.

Many wore scantj, short- alesved clothing and shoris rather than long trousers

and had shed their coats and shirts at labor, or at home. They were thus de-

|
prived of the pﬁotecticn against burns that clothing afforded over a con-

|

siderable range iof distence. On the other hand, the loose, baggy, bloomer-

|
like "mompe” trousers ("Japanese women's national utility garment") gave
|

partial protect%on to many who otherwise would have been bare-legged. Most

people wore wooden "clogs" or straw sandals, often without socks. The pro-

tective effect o% clothing is discussed in a separate adctibn vfithis report.
|

|
Surprise Nature of the Attack: Important was the element of surprise. The
population was tgnse in expectation of a large-scale raid since the only

\
previous air raids by American planes had occurred after the middle of March

*Section 10H
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and on the 30th of April, 1945. These had inflicted practically no demage.
We learn from the report of the Governor of the Hiroshima Prefecture that
the bomb exploded some 45 minutes after the "all-clear" had scunded. It is
stated in this report that four B~29 bombers, which had withdeawn .to the
northwest of Hiroshima shortly after 0700, suddeniy returned and released
several objects by parachute. The tendency of the people was to continue
at work after it was determined that a raid in force was not to be imme-
diately expected. This caught a large part of the population unsheltered
at their work and in the street who otherwise would have taken refuge.

The public air-raid shelters which were sufficient to accommodate one-third
of the population were glmoét empty, as were the home shelters that some
had built by excavation beneath their own houses.

The Moment of the Explosion:

The poignant accounts of the soul shaking experiences of eye-witnesses
have been appended to this report (Appendix 1 {3H) ). The following is a
recaplitulation of some of the salient statements of these observers, togeth-
er with what information we have been able to gather from certain official
reports. The first impression of survivors was that of a tremendous all-
permeating glare that filled the sky. Some describe it as a prolonged
lightning or arc-like flash. To others it seemed as if a great photographic
magnesium flare had suddently gone off. This lmpression of intense light was
perceived even though it was a clear, bright summer day. One observer at
Eba (3.5 Km) described perceiving an after-image of a series of red rings.

Accompanying the licght was an instantaneous wave of heat perceptible
even as far away as Ninoshima, 8 kilometers across the harbor. Thousands

in the open, within a radius of 4 kilometers, were burned, more or less
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severely depending on distance and clothing.

After an interval that was obvious to those at a distance came a
violent shock-wave that flattened the fragile wooden houses, and which
hurled some people several feet from where they were standing. Viewed
from the hills, the houses fell in succession as though a gigantic cyclone
were passing across the city. Thése closest by heard almost no sound ex-
cept for that of the falling buildings and masonry. At a distance was heard
a rumbling roar like that of thunder. The first thing many knew was that
their houses had collapsed. Throughout the city almost everyone, including
the priests in the monastery at Nagatsuks 4.2 Km away, received the first
impression that a bomb had fallen in hils immediate vicinity.

Thousands were injured, killed, or trapped, among the fallen timbers,
tiles and masonry. Many lost consciousness for a few seconds or minutes
even though there was no trauma to the head. Almost total darkness added
to the confusion, for a tremendous umbrella of cloud had blotted out the
sun and great masses of dust were soon swirled about by high winds (figure
5). The darkness lasted some 20 minutes as shown by a continuous record at
the observatory (figure 6).

fn reviewing the detailed account of the blast (see Yasuda School Study
in Section 10H, Appendix 2) the interesting fact became apparent that many
of the wooden builldings collapsed rather slowly and sometimes toward the

blast.

Several of the eye-wltnesses recount how they made attempts to free them-

selves and their families form the debris. Such efforts were soon hampered
or completely stopped by fire., Some of these arose at once from ignition of

inflammable materials such as paper and tarred poles. Much of the fire re-

7 (3H) 60




sulted from upsetting the open charcoal agtavEs. thaﬁ are standard household
equipment throughout Japan., Many of these were alight, for the breakfast
hour had not as yet passed. Thus, the fires had numerous points of origin.
The gentle southerly breeze that had played upon the c¢ity before the blast
had as a result of the gathering conflagration risen to a wind which In-
creasingly fanned the flames. The fire soon swept the entlre city and doomed
many who, though alive and only slightly injured, were caught under the de-
bris.

Before discussing the immediate and late effects upon the population,
a rapid orientating view of the city after the bombing may be helpful in
understanding the nature and extént of the casualties.

Effect Upon the City: Some inkling of the effects upon the city is obtained

from air views before and after the bombing (figures 2,3 and T), by compar-
ing photographs taken from approximately the same position (figures 8 to
17) end by a panoramic view (figure 18). The most striking feature is the
tdtal destruction of the wooden buildings within the inner 2.4 kilometersr
Against the level background the concrete structures stand out starkly
(figure 8). After the blast and fire, there were only 50 bhildings stand~
ing in the central area, all of which were of reinforced concrete. An
estimate of the building damage is obtained from the Prefectural Report of
21 August. OFf some 90,000 buildings standing before the bombing, the fol-

lowing suffered partial or complete destruction:

Completely burned - - - - 55,000
Partially burned - - - - 2,290
Totally destroyed by blast alone - 6,820
Partially destroyed by blast - - 3,750

Total - - - - - 67, 860

8(3H) 61




The shock wave, if at all similar to that resuiting from the detona-
tion of high explosives, travelled at approximately 2 miles per second for
a relatively short distance. The speed of the wave then reached that of
sound (1100 feet per second). The pressure probably rose to a sharp peak
for a brief interval, following which it fell below atmospheric for a
period of perhaps three times that of the positive phase. It is probable
that the positive phase was probably longer then is the case with high ex-
plosives. It was more effective in producing destruction than the negative
phase. Evidence of the downward pressure is in the stripping of branches
from trees which remained upright near the center of the explosion, but
which were felled by the lateral pressure beyond 500-750 meters, There is
also "dishing" of the roof slabs of concrete buildings. The building suf-
fered in some cases, a mass distortion, away from the blast (fig. 19).
Evidences of the effect of the negative phase were visible in the direction
in which some metal window frames weme bent in concrete buildings.

Some wooden buildings fell toward the blast but this may indicate fracture
of the primary structural members rather than a suction effect. Reflection
rhenomena were observed as demonstrated by the fact that the distal parapet

of a roof was often broken, in contrast with the parapet closer to the ex-

plosion, apparently the result of direct action on the far side, supplemented

by the rebound from the roof slabs.

The zZone of complete destruction of the wooden structures was encom-
passed within a rough circle with an average radius of 2.4 kilometers about
the center. Pire had completed the destruction in the inner four-fifths of
this area. Consequently, a more accurate idea of the scene immediately

after the bombing is obtained by an inspection of portions of the city that

9 (3H) 62




were dégtroyed by fire (figure 20).

Structural damage to the wooden buildings such as distortion of the
frame or fracture of a structursl member appears within 2600 meters. Be-
yond that there was a huge and irregular zone of "superficial damage,”
characterized by displacement of t¥dé,- partial breaks in the walls of build-
ings and the breaking of windows and their frames.

In the case of the Japanese builldings, pogsibilities of severe trauma
lay in the great tree-beams (figures 20,21,22) which ran longitudinally, and
supported the arch-like tie beams. These in turn held up a lattice of strubs
thet braced the heavy roof. Curved overlapping tilds. (pantiles) embedded
in clay, made the roof. These tiles were heavy and were the cause of many
injuries. The walls, approximately 3" thick, were supported by 4" or 6"
posts and usually consisted of clay supported upon a bamboo network. The
dust raised by their collapse billowed up over the city soon to be mingled
with the smoke of fires. The sliding pamtitionst{shoji) which are so
important a part of the Japanese house, consisted of a frame supporting
numerous either small, thin oblong glass panels or paper. The glass in
itself was a danger since it often splintered into long, spear-shaped
penetrating fragments. Splintered wood sometimes acted in a similar
fashion,

On closer inspection, concrete buildings that seemed so well-preserved
from a distance are seen to have suffered greatly. Many, despite their
fire-proof construction, are charred exhibits, -proving. the fallacy of fill-
ing a fire-proof structure with highly inflammable woodwork. The Gity Hall
(1100 meters) is an example (figure 13). The concrete buildings in the

first 1000 meters were safer than the wooden structures (fig. 11 (10H) ) as
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stores were totally insufficient to meet the tremendous demands created by
casualties on so vast a scale,

THE MEDICAL 'ROBLEM

Dead and Injured: The death toll of the first day will never be accurately

known. Perhaps it was between 40,000-50,000. This figure represents two-
thirds of those dead by the middle of December, who numbered some 64,000 and
ig, from all that can be learned, a reasonable estimate. Many .died of burns
and trauma. Some died of an effect of the bouwb that was ?ot immediately
apparent--that of the ioﬁizing radiations whose actions will be discussed
at length.

The mumber of injured as of the middle of December, 1945, was T72,000.
If to those is added the difference between 64,000 and 45,000 (representingg
those who died after the first day) a total of 91,000 injured is the imme-
diate problem of medical care that confronted the survivors. Of the total
populatign of some 255,000, the uninjured, or those whose injuries were
negligible, numbered 119,000.

The methods of arriving at these estimates will be presented in detail
in Section 10H.

Types of Casualties: No completely accurate classification of the types of

injuries as of the first day is available. The following is a summary of

the records of various aid stations and provides a crude estimate.
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. 1. TFrom the Report of the Japanese Army Medical College
and First Tokyo Military Hospital:
(See Section 4H, Appendix 1)

Burns only 146 50.2%
, Burns and injuries 48 16.5
* Injury only 91 33.3
Total 291 100,
-
2. From Japanese Navy Report of Biologic Action of
Atomic Bomb, No. 2, November, 1945:
Kure Relief Party A 1845 Patients
Burns 90.0%
Severe 1.0
. Moderate 26.6
¢ S1ight 59.4
Lacerations 10.0
Kure Relief Party B 95 Patients
Burns 6550%
Lacerations 35.0%

3. In the report of the Army Medical College it was also stated
that at the Hiroshima Shipping Department Aid Stations the
incidence of burns was 70-80%.

4. The official Japanese Army Medical Committee* in Hiroshima on 11
August found that the incidence of burns to be 99 of the hospitalized

patients.

*Pull Translation of Reports of Effect of Atomic Bomb at Hiroshima, Part I.
Report of Army (Iapanese) Medical Committee (30 members) on cause of casu-
. alties, types of damage, study of relief measures undertaken and proposals

for future action, dated 13 August 1945. Translation by G-2, GHQ, AFPAC
Advisory Committee.

pet
&

4
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5. The Medical Section of the United States Sitrategic Bombing Survey
obtained the following estimate of the causes of desth from the

Hiroshima Prefectursl Health Department:

Burns (all) 60.0%
Falling Debris 30.0

Other Causes _10.0
Total 100.

These figures must be treated with reserve.

Resgcue and First Aid Activities: Hospitalization. Whatever attempts were

made at immediate rescue were necessarily hurried by the onrushing flames.
The immediate problem was to seek safety in flight to the river banks or
beyond the confines of the city. The Asano Park (figure 28) was one such
place of refuge, but was itself partly swept by fire. To this place among
others, there were carried or wheeled on the meny carts that were available,
hundreds of the injured and dying. There is a graphic description in
Father Siemes' sccount of the rescus of his Father Superior frou this park.
The river served as a highway of escape and some of the townsmen had mobi-
lized their boats and carried many upstream to safety. Food was also
ferried to those stranded. From Father Sienes' vantage point at the Novi-
tiate in the hills of Nagatsuka, high above the river, he could see a stream
of refugees pouring up the valley within one-half hour of the bombing.

First aid was given them by the brothers of the monastery and the farmers

of the neighborhood took many hundreds of the injured into their homes.
Later on that day and on the next, Fether Siemes made several trips to the
city. His impression was that there was no organized first aid for some

30 hours after the explosion. Such aid as was possible was administered
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purely on individual initiative and without a central plan, The adminls-
trative authorities and much of the personnel had ceased to exist with the
city itself and help from without was required.

The first step in reorganization was to establish administrative
suthority. This was vested in the Commander of the 2nd General Army, but
was then dividéd among the Governor of the Prefecture, the Acting Major,
and thg Military Commander of the city. The help of adjacent communities
was enlisted but little was forthcoming on the first day. The police sta-
tions in the adjacent towns of Kabe and Kaitaichi were contacted and by
7T August, some 2,159 civilian defense workers and 190 police were dis-
patched into the city. Their function was to aid in the care and evacua-
tion of the injured who were still on the river banks, to guide the hun-
dreds that streamed back to the city in search of relatives or to assess
the damage to their property, to prevent looting, and to dispose of the
dead. The military carried on a large part of this work. In the two
weeks following the bombing, the Civilian Defense Corps furnished more
then 16,500 man dey4 and the police some 1,043 man days of duty.

The first relief station from outside was set up at Tamon in the
Hijiyama district on 6 August and came from Toyoda. By the next day 33
stations were in operation. FPFive had come from as far away as Okayama.
The total number of physicians at work on 7 August was approximately 150.
Some idea of the chaotic conditions during the first few days may be
gathered from views taken shortly after the bombing (figure 29).

Aid was given also by personnel of the Armed Forces. From the naval
base at nearby Kure were dispatched 2 relief parties which between the 6th

and 9th of August treated a total of 1,940 patients. The naval hospital
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at Iwakunl aleo received by ambulance 51 patients, many of whom had been
at the "Banker*s Club” in Hiroshima where the administrative offices of
the Navy were situated. After 1 September, small numbers also were
treated at the Naval Hospital in Kure. The army zlso assumed responsi-
bility for the care of civilian as well as military casualties. The two
large aymy hospitals which were in the military reservation near the cen-
ter of the explosion lost most of their personnel and patients, and all of
their buildings (figure 296). Two military hospitals, however, were estab-
lished in other sites. Ten medical officers and two enlisted men were sent
from the Kokura Army Hospital to become the Hiroshima #1 Army Hospital at
Tozaka., The 2nd Proviasional Fukuoka Army Hospital became the Hiroshima
#2 Army Hospital. These served as a nucleus to which other military
physicians were added. Some of the earliest autcpsies, beginning with 9
August, were performed by members of the Tokyo lst Militery Hospital. In
addition, accessory aid stations were put into operation at Ninoshima, 8
kilometers out in the harbor {figure 30), to which many patient; were
brought by boat, and at Eba, Niho, Itsukaichi and other places on the
fringes of the city.

The Hiroshima #1 Hospital began functioning immediately at Tozaka.

by 13 August more than 3500 patients had received treatment. The mortality

was as follows: e
3rd day - - 110
Lth day - - 37
5th day - - 71
6th day - - _13
Total - - 291 (8.3%)
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The hospital at Ujina, where the Jolnt Commission was to assume its
work, was opened on 25 August by a group including members of the First
Tokyo Military Hospital. It received some 500 patients. In all the
military had given first aid or provided hospitalization to some 15,000
patients during the first two weeks. Most of these were gradually trans-
ferred to civilian establishments. At the same time, the Army transferred
many of its own military patients to 4ts hospitals at Fukuyama, Okayama and
Himeji. A report concerning 712 of these patients was compiled by the
pergonnel of the Pirst Tokyo Military Hospital and will be discussed in
detail, as it represents some of the best work that was accomplished.

The civilian hospitals in Hiroshima itself had suffered great damage
as previously described. The pressure wave had passed through the fine
modern building of the Communications Department Hospltal, breaking all
windows and damaging equipment (figures 3% to 36). Some of the partitions
also were broken. The operating room was left practically out of doors
(figure 35). According to the Director, Dr. Hachiya, there were 40 people
in the bullding, of whom 35 were injured. Most of the doctors and nurses,
however, were able to take up their duties by 9 AM. Fifty patients had ap-
peared for treatment and by the end of the first day, %00 had been given
immediate care. Approximately 1,000 were handled by this small institution
during the days of the emergency. There was an overflow of patients into
the adjacent office building of the Communications Department. Careful
records were kept of approximately 150 patients and autopsies were per-
formed by Prof. Tamagawa of Okayama University in a makeshift autopsy
room {figures 37, 38), begimning on the 29th of August. An outpatient

clinic was established and mas maintained until about 15 November. Some
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of the work of the Joint Commission was performed in this clinic, beginning
in the second week of October.

The Red Cross Hospital, desplte severe damage to its fine building and
personnel (figures 39-42), accomﬁodated a total of approximately 1,000 pa-
tients. OQutpatilent clinies were conducted in this hospital. Some 600
patients died, but no autopsies were performed.

Accessory Aid Stations: Certaln buildings that had resisted the blast or

the partly damaged school bulldings on the outskirts of the clty end in ad-
Jjacent communitles were likewise taken over for the care of the injured.
The Osiba Aid Station is one example (figures 43-46). There are no available
records of the numbers of cases treated In these temporary establishments.
They were merely allowed to take shelter and to receive whatever care could
be brought to them. A large part of this was adminlstered by the familles
of the patients (figure 45). One of the most active aid stations was in
the city itself at the Fukuromachi School (figures W7, 48). This station
had ceased to function by the middle of October. A clinic in progress is
illustrated (figure 48). The Prefectural Hospital at Kusatsu was active
until November, 1945. Autopsles were performed by Professor Araki of the
Kyoto Prefecturasl University (figures 49,50).

By official and unofficial arramgement more or less distant communi-
tles, in time, took undor theilr care large numbers of the injured and home-
less. Following is an estimate of the numbers of evacuees and the places

of refuge, as detailed in the Prefectural Report:
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NAME OF STATION NUMBER TAKEN IN

Kabe 1,000
Hatsukaichi- 1,000
Otake 1,000
Kaitaichi 500
Hiro 500
Tadanouni 1,000
Takehari 1,000
Saijyo 1,000
Kochi 500
Yoshida 500
Miyoshi 1,000
Shobara 1,000
Total 10,000

This list is incomplete, as at thé.time the Commission arrived, there were
also many patients in other communities such as Miyazima, Jigozen, and
Glon. Not 2ll of these patients were hospitalized. Of those at Saijyo
only 300 came under surveillance in the sanatorium and dts outpatient
clinics. These are described in a detailed report by Dr. Fujil and his
staff. '‘Some civilian patients found thelr way to distant cities such as
Osaka, Okayoma, Kobe and Tokyo where they were treated in the University
Hospitals and at the private hospitals which are so numerous throughout
Japan. Records were collected from these by the Joint Commission after
the work at Hiroshima ifself was completed.

Summary: The treatment of some 30,000 cases 18 accounted for by these
various groups, but this is a partial list.

Nature of the Medical Cnare Administered: The list of personnel and insti-

tutions presented in the preceding paragraphs may give the impression that
it was possible to give svemsa:modicum of care Lo more than a very few.
This was not the case. The number of patients was overwhelming and every

inch of available space was soon occupied. Some idea of the state of af-
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fairs during the first week may be obtqined by a glance at the condi-~

tions at the 2nd Military Hospital near the central district of Hiroshima.
(figures 51 and 52). Here is shown as no words can describe, the terrible
crowding of the patients, the confusion and the obvious lack of care.

Durina the first few days, flies were almost absent from the city, presum~
ably on account of the flash of heat from the bomb and the subsequent fires.
They returned in vast numbers before the middlc of August. Medical supplies
that had been re-assembled and brought into the €¢ity after their precaution-
try dispersal, proved to be totally inedequate, for no such need as existed
had been envisioned.

According to the Japanese Medical Committee reporting on the conditions,
as of 11 August, the burns had received no more than “ocintments" and salt
water compresses for treatment. Even dressings were scarce. It was recom-
mended that dirty surfaces be cleansed with Ringer's solution and treated
with cresol. General treatment consisted of administering water, oxygen¥,
"heart stimulants”, and Ringer's solution and salt water subcutaneously.
These last two were given only in the smallest guantities. Sulfonamides
were available in very small amount and consisted of sufanilamide and sul-
fapyridine. These substances came only under the proprietary names that are
plague of Japanese therapeutics, and were gilven by rote according to the la-
bels, with no knowledse of the content of the active material. Often the
dosage was homeopathic. A little penicillin of low potency and high tocici*
ty was sparingly used. In the second report dated 1 September 1945, another
Japrnese Medical Committee recommended for treatment (chiefly of the radi-

ation casualties):
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1. Auvtotransfusions of 20-30 cc

2. Calcium preparations tn "promote hemostasis”.

3. "Blood building preparations” such as liver extract and vitamins
such as B, C, and D. {the vitamin preparations also were given
in token dosage and their potency was supported only by the rep-

utation of the manufacturer.).

L. The physician was instructed also.td administer 500 cc of 5%
glucose subcutaneously. (The dehydrating effects of this proce-
dure are now well known).

5-6. Other instructions were to keep the patient warm and to admin-
ister analgesics.

This represents the recommendation of the highest Japanese authori-

i

ties. A great deal of "moxa" therapy also was carried out, even in some
reputable institutions. This cnnsists of burning sh incense-like mater-
ial on the skin in the hope of producing a general "stimulating” effect.
It is interestingto speculate on how msny fewer would have died had
it been possible to give the patients medical care under sanitary conditions,
in modern hospitals abundantly stéffed and supplied. Certainly the follow-
ing therapeutic measures would have saved many:
1. Fluids, plasma, transfusion of whole blood in adequate quantities.
2. Penicillinand other chemotherapeutic agents.

3. Debridement of wounds.

k., Cleanliness and nursing care.

*  There is considerable theory involved in this schedule of therapy,

which obviouslycould have been employed only in the rarest instances.
- . : :
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OTHER PROBLEMS RESULTING FROM THE BOMBING

1. Information:

As soon ag the fires had begun to cool there was a tremendous reflux
of the distraught cltizens secking for membbrs of thelr family - and family
ties are strong in Japan. It was necessary to set up road-blocks. Attempts
were made on the part of aid stations to issue bulletins as soon as con-
ditions allowed but this was not for several days. Some records of these
survive (figure 54). Large numbers of postcards were distributed to aid
stations by the Prefectural Goverment. These were largely useless since
the city had been leveled and no one knew vhere his family or neilghbors
had gons. Throughout the city slgns were left on wooden boards and walls
in an effort to re-establish contact (figures 55 and 56).

2. Disposal of Dead:

In the warm deys of late summer putrefaction of the humen and animal
dead became a problem. Disposal of the dead was, eccording to Japanese
custom, by cremstion. This was performed on the spot or, as has been des-
cribed by Father Siemes, in great funeral pyres at the margins of the city.
An attempt was made to issue death certificates but thousands of bodies
could not be identified. Thousands of others were buried in the wreckage
and had not been recovered as late as December, 1945, Collection and cre-
mation were performed by military and police orgsnizations. By the end of
2 weeks, the Prefectural Report presents the figures as follows:

DISPOSAL OF BODIES

By Police Organizations 17,865
By Military Organizations 12,054
Total 29,919
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3. Epidemics:
In associastion with the damage to the water lines and the failure of

bacteriological controls, increased use of wells on the delta land of the
city, the new swarming of flies after the third day, and the appalling crowd-
ing end lack of sanitary facilities, it is most remarkable that no great de-
cimating epidemics occurred during the first three months.

The cases of epidemic (almost entirely intestinal) disease during the
first two weeks are stated in the Prefectural Report to have numbered 418.

Detalls are available only for the Eba Military Branch Hospital as follows:

Typhoid 75
Dysentery 110
Total 185

There were also 3 cases of influenza in that group. These figures are unre-
lisble since bacteriological diagnosis was obtained only in rare instances
and then almost entirely by military hospitals, such as the Eba, who sent
the material to the Quarantine Station Laboratory st Ninoshima. Some of the
"dysentery" mey have been the direct or indirect result of gemma radiation
as described in the clinical and pathologic sections of this report.

h. Food:

Food was supplied from emergency stocks under the care of the police
of adjacent communities such as Kabe. By 12 August, among other staples of
the diet, some 130,000 meals of rice had been imported. On the first and
second days food was brought by boat to those still stremded on the shores.
Normal rationing was resumed after 12 August. According to the report of
the Medical Section of USSBS, the Japanese diet for city dwellers was even

more meager than appeared on paper, for there was not a sufficiency of the
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MY EXPERIENCE OF THE “ATOMIC BOMB DISEASE"

By Yoshinobu Monden, student of
The Yamaguchi Medical School, Ube

On the morning of 7 August 1945, I received information of the dis-
aster of Hiroshimi by the atomic bomb. How aston;shed I wasy because
there dwelt my family (my sister, brother-in-law)! And on 8th August
sbput 8 o'clock in the evening I returned to Hiroshima from Ube City.

Thousands of deep emotinns crowded on my mind at the sight of the
devastated city, because I had spent my middle school days there.

I put up for the night at my fFjend's home in Fuchu-Cho, 4 kilometers
away from Hiroshima. On the next day (9th August), at 8 o'clock in the
morning, I started from there and went to Yagi-Mura, 16 km. away from
Hiroshima, =znd settled in the village as my base of operation. AT once I
started for Hiroshima to seek my families, but in vain. I wandered half”
day long through the devastated city filled with sgo many cadavers when
gome one told me that the possible place where I could find my families
might be Gion, 4% km. away from Hiroshima. I went there by a truck just
passing by, but also in vain. I was there greatly disappointed, when for-
tunately, I encountered an zcquaintance, who told me where to find my
families. I felt Jjust like I had found "a friend in need", and with fresh
courage I started again for Hiroshima, and wmet to the dyke (bank path) at
Ushida water supply center in the outskirts of Hiroshima. How could I ex-
Press my deep emotions, when I had found my families there, lying in a poor
humble cabin, moaning: How changed the world was! Already three sisters-
in-law dead, and my grandmother moaning with burns!

On that day, I buried my sister-in-law and gave my best treatment to
my grandmother, and slept there during the night.

I promised my femilies to go back to my old home:and return there with
provisions, clothing, efc., and on IBth August, I went first to Yagi-mura
and then to Kumura-Station, 16 km. from Hiroshima, to cetch a train. Since
I vent along the road on foot, I was very tired when I arrived there at
1 o'clock, p.m. There I met & military doctor (Lieut.) who spoke to me:
"Are you not a student of the Yamaguchi Medical School? I find great &iffi-
culty to get members of the relief station. If yow study medicine, it's =
goed chance to perform your duty #s a future doctor. Will you please assist
us to rescue the people in such calgmities?"

I refused once, remembering my promise to my. families, but on reflec-
tion of my present situstion as a medical student and of the call of duty,
1 made up my mind to accept his proposal. Thus I went back again to Hiro-
shima - without knowing, it may be the cause of that cursed disease from
which I could only recover by fortune.

It was 2 o'clock, 10th August, when I arrived at the "Honkawa first-

aid station", settled up in the debris of the bank "8", after passing
through the bad road and commanding a panoramic view of the burnt down
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city of Hiroshima. There I was under the command of Major Dr. Sawaki.

Eleven members of the "Rescue-Station", and so many patients waiting!
I was so busy, working all day long, gave treatment, afterwards sending the
patients to Kabe-cho after treatment.

Only glycerine, oil of olive, tincture of iodine, gauze: that was all
we had., No materials for dressing the wounda! Poor people! I slept there
in a corner of the rescue station, in three sheets of blanket, and 1t was
so cold that night!

On 10th August, got up in the morning at half past six. Already so
many patlents waiting for treatment. I felt almost too falnt with the in-
tolerable offensive smell of the patient and intense heat, together with
extreme busyness of my work. Ordered to accompany Major Sawakl who was go-
ing to Twakuni Military Hospital to get the apparatus for blood eXxamina-
tions and on the motor-car I felt rescued. Came back after an hour and ex-
amined the leucocytic count 6f patients. And I was greatly astonished to
f£ind that the leucocytic count, of the patients with burns showed 4,000-
5,000, while those with no burns at all showed remarkable reduction of the
leucocytic count, e.g. 300 -600. Lieut. Dr. Okl reported that the dead
people amounted to 80 today. Slept at eleven o'clock p.m., dog-tired.

11th August. Got up at six o'clock. Always many patients walting.
Doctors without medlicine are just like a motor-car without gasoline. How
helpless they are! How awkward our situation was, with even not an smpounle
of champhor for the dying patient. We treated neurly 500 patients in the
morning, and 20 per cent of them dylng in an hour! How cruel it was! In the
afternoon I went to the relief station at Sentei, near Hakushima, with Lieut.
Oki. Was greatly relisved to meet an acguaintance there to give information
to my femily.

So many patlents, intenge heat and offensive smell, cadavers, wandering
soldiers with burns. “Horrible" is the only word that describes the scene.

There I met a soldier who was fortunate enough to be free from the dis-
aster. He was there to clear up the debris and to take the burned bones
of his friends out of the soll. He was hoeing up the soil, taking burned
debris out of -the way, when suddenly he felt dizzy and fell down. I treated
him as "sunburns" and gave him alcohol, cooled his head, but no effect.
Gradually he became worse and died in the evening with many questions.

On the day, 60 percent of the patients treated died! I slept there,
anxious about the ailr raid.

12th August. This morning I feel very dull. Also some of the members
sald that they had headaches. I thousght that the cause might be due to
over working and continued my work. In the afternoon I also had nausea and
headache, at night I couldn't sleep well.

13th August. Orders from Major Sawaki: +to cure the milder cases
first, and to leave behind the severe ones, But it was too difficult to fol-
low the order, for there were so many severe cases. The dullness also
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continues today. Two nurses absent. From today on injections of the auto-
blood intramuscularly given to the patients! Patients after patients go on
dying as usual. It was now quite clear that the remarkable leucopenia and

the degenerative changes of blood constituents had something to do with the
death.

1lhth August. Headache was so severe, as if racking. Had also sore
throat and swelling of the gums: extreme dullness continues. Worked all
day long, very busy to treat so many patients. At night I slept with rack-
ing headache, but couldn't sleep well,

15th August. Headache was so severe that I couldn't get up this morn-
ing. I asked Major Sawaki to go back to my old home, and with his permis-
sion I went with a truck to Tomo-Station, 8 km. away from Hiroshima and
from there to my old home. On the train I felt just like I were in a house
flamed up by incendiary shells, with cold sweating, nausea, dizziness, and
after I had given my tickets to a railway-man I had fallen to the ground,
unconscious,

When I awoke, I was in a house, sleeping in bed, headache also severe.
T wae in my eunt's home. I had thirst and drank water: it was so sweet.
Soon a doctor came and gave me injection of camphor and tablet of calmotin
(varbital). Becoming so sleepy, I felt just like I am falling into & bot-
tomlegs pit.

16th August. From early morning my pearents and elder sister came to
my bedside, and I felt greatly rescued. Fever: 38 C, I couldn't get up.
All dey long I had racking headache, and on reflecting afterwayds I cannot
explain my nostalgia to go back to my old home, which wes only 12 km. away
from my aunt's home. And persuading my father, I went back to my old dear
home in & motor car. At night, when I awoke, I had pains in swallowing the
saliva,

From 17th to 20th August. I lost my freshness because of the continu-
ous high fever, which was always higher than 39 C. Had no éppetite, but was
forced to take milk, juice, etc. Also had severe headache, but no nausea,
no vomitus, no stools, Father fave me injections of glucose, Vitamins A,

B, C, K, and CaCl,, also injections of auto-blood intramuscularly. Marks

of injections suppurate, become edematous and also pain! From today they
gave me injections of Neo-Gerison (Sulfonamide). Pains of gums and larynx
increases. On 19th I heard the first news of '"Defeat" and I wept in secret
at the sad news. In newspapers was reported vividly of the atomic bomb, and
I had great sympathy for the citizens of Hiroshima, supposing that they were
dying day by day, but at that time I had no idea that I myself was the vic-
tim of that dammed bomb, In the afternoon I found spots of petechiae on my
body. Greatly astonished I searched all over the body. They were most
ebundant on the chest, inside the upper arms, over the abdomen, and rarer
on the under extremities and on the back. I became so nervous that I could
not sleep that night.

From 21st to 25th August. It was already night when I awocke. The

electric light was very dazzling. And I suffered much from pains in my up-
per arms and upper legs. When I looked around, I saw the faces of my father
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mother, and sisters gathering around me: All looked pale with anxiety.

"0h, had you recovered youse sense?" My father peeped into my face in a wor-
ry. They said that I was unconscious during whole four days, and they
thought that I were already lost. I coula not understend my situation, but
felt as if I had fallen into a deep sleep. Futher said that he had given mo
injections of cardioctonics every one hour, but my consciousness did not come
back, and my pulse becoming very feeble day by day, he thought I were lost
and was in deep sorrow.

28th August. This morning my fever was 38.0 C. My femilies were very
glad because the fever declined, but my father looked gloomy for my general
symptoms were not so gnod. TFrom this time the signs of severeness became
mainfest: painful swallowing as a result of necrosis of larynx, and my gums
had also becme purulent, so that I could take no nutriment. As I felt
very uncomfortable in my mouth I rinsed my mouth with a gargle of boric
actd, and by some chonce or other, I had hemorrhage from gums and the bleed-
ing lasted about 20 minutes before it stopped. In such a miserable state I
was, my consciocusness gradually recovered and I wondered whether I also were
not a victim of the atomic bomb, but the thought that I was absent from
Hiroshima at that time convinced me that surely I am not. Constipation as
ysual, Fever sbout 20 C. in the night.

30th August. Fever declines gradually. Morning 37.9 C. Maximum
38.5 ¢. It was evident that I was recovering. From the beginning to today
no gtools at 2ll. They gove me encmas everyday, but in vain. I had no
appetite and they gave me thin rice-gruel, juice, miiks, etc.

Ag 1t rained all day long, X felt gloomy and I had severe headache every
time I moved in bed. Injections aflier injections, ch, how I had antipathy
to injections at that time! In an ennui I read newspapers and was greatly
astonished 4o fine there the study of Prof. Dr. Tsuzukls at the first time
I was gquiet clear of my disease. The sympboms of the atomic bomb patient are
quiet identical to that of mine except one point - the epilation. "Oh, then
I also was a victim of the atomic bomb'. I cannot be rescued. Oh! how
dreadfull” And for the first time in my 1life I had my skin cauterized with
"Kyu" (Moxaecautery), which was reported to be of effect by the newspaper --
that disagreeable Kyu. Fever rose.

1st September. From the time I knew of my disease as atomic bomb injury,
I felt so gloomy. Also my room was dark and gsultry as it rained every day.
I had a very hard time, gebting up early in the morning and at night I could
hardly sleep. Fever about 38 C; in the morning I felt better. It was alrsady
half a month since I was lying in bed. Every day I thought, "Can I be res-
cued?”

My skin was dry and my conjunctiva became oedematous and hyperemic. They
gave me injections of Ringer solution. Vitamins fulfonamides.

Lth September. Today fever: 37.5 C. From today I had some appetite.
I took rice-gruesl, fruilis, sehtc. Piinful swallowing also waned and it be-~
came easier to take food. But the petechias were always numerous. From
this time I realized that I was rescued. I was in bed thinking of the truth
of defeat reported by newspapers and of the atomic bomb ...
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From 5th to 10th September. From this time I had marked diuresis, and
also evacuation of the bowels - which was in a state of constipation for a
long time. Also fever subsided gradually, and I had fever of 37.5 C. today.
Headache and painful swallowing also had become milder, I had better appe-
tite, and especially I felt fruits very sweet. In the afternoon fever rose
to 38 €., and I was sorry afterwsrds for reading the newspapers. At supper
I took rice-gruel, eggs, which was so sweet, a long time since.

11th September. Today I feel very agreeable, headache slight. And it
was so fine today. I moved my bed into the sunshine, and sat up in my bed.
All of & sudden I felt vertigo and nausea, and I hurriedly retired in a
shadow. From 4 O'clock p.m. fever rose 39 C. With icebag on my head, I
rested in bed. Took tablets of Calmotin.

13th September. Pever: 37 C. I had better appetite and waiting for
the breakfast. By this time I was convinced that I shall be cured and re-
frained from taking too much food. The marks of injections of the upper
armg did not pain much, also pus diminished. Pus and bleeding from gums
also decreased, but no changes to petechiae. T could sleep better. It was
evident that I was recovering.

15th September. Fever about 37 C.

16th September. Owing to the continuous rainfall of asbout a month, the
river has swollen and also the wind got up: at night water came up 4 feet
above the floor of my house and with my father's help I took refuge to the
2nd floor.

That night the river increased every hour, and it was flowing with
horrible sounds, I could hardly sleep é&n hour with fear,

18th September. From dawn water decreased. I had singing in the ear,
because I couldn't sleep well in the night, also fever was a little higher
than usual. Appetite became better day by day. Pain in swallowing also
diminished. How thankful I was my father was a doctor and that my house was
in a rurasl country!

Excretion of the bowel wss two times a day.

20th September. Water already gone and my families were very busy to
clear away the house.

When I loock upon the ceiling sbeent-minded, I thought of my school, and
of my friends. TFor the first time petechise faded, and I was so glad.

From 26th to 28th September. Fever 37 C. No sore throat and no pains
in gums. Only headache continues to exist.

lst October. Gained flesh greatly, and returned to normal dietary.
Petechiag also fading gradually. But headache only did not cegse after I
had left my bed. Thus I recovered day by day -=--=

My father also went to Hiroshima from Tth to 10th August, to resocue
the patients of atomic bomb disaster. After he had returned home, also had
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headache, malaise and some petechize but recovered soon.

I also had fallen victims of the atomic bomb disease, an entirely new
and ynexperienced malady, but was fortunate enough to be rescued. For the
progress of medicine, and for the study of atomic bomb disease I wrote this
manuscript and I shall be very heppy, if it be of any use.
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COMMENT

This report was written in English by a Japanese medical student. It
is reproduced with only minor correctiomsin order to make it more in-
telligible. The nature of the illness described by thls narrator is not
known. However, since he entercd the bombed area two days after the bombing
it is now certain that his illness was not caused by the effects of resid-
ual radio-activity in the City of Hiroshima. The report is important since
it represents one type of evidence which led the Japanese to believe that the
City of Hiroshima had captured so much radio-activity thet it could not be
inhabited agoin with safety for 50 to 75 years.
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b. Ota, Sukenou - Eyewitness Account by a Student’

At exactly 8:20 AM, August 6, 1945, a B-29 suddenly appeared over the
mountains of Hiroshima. The plane left after dropping one parachute bomb.
About 600 meters in the air this bomb cxploded. A lightning-like flash ap-
peared and in the next instant the entire City of Hiroshima was enveloped
in a dense cloud. This was the atomic bomb; the most highly developed war
weapon of the second great world war. At this time an all-clear signal had
been gilven and the women in the homes were removing their mompe and other
prople started to their pleces in occupation. These people were @ither in
crowded street cars or on the streets. Most of the people in the center of
the city on that morning were removing their belongings from their homes
preparing to leave for the country and many people had come to help them.

The citizens of Hiroshima thought some one was descending in a parachute or
that propaganda leaflets were to be let loose. Since about the end of

June 1945, planes had been bombing the smaller Japanese cities and people of
Hiroshima believed their city would be bombed after the lst of July. Since
the city had not yet been bombed the people became careless. At this time,
however, Kyoto and Hiroshima were thought to be safe. People payed little
attention to the sirens. Many pecple had lost sleep owing to air raid sirens
by day and by night. I stayed all night of the 5th of August, at the school
in Minamimachi. I only got three hours sleep because the air raid warning
was on especially long. I went from the shelter and ate breakfast and went
to bed under a gquilt. Suddently I felt a gust of wind, the walls of the to-
konoma crashed as I awakened. On top of me were tiles and beams. I was
covered with bleod and several parts of my scalp snd two places on my left
arm were bleeding from severed vessels, The left side of my body was cut

in more than ten places. Both legs were bleeding from several places. These
wounds were caused by debris, splinters, and glass, I hurried to stop the
bleeding of my arms and knew I had been injured by the bomb. I rushed to

the clothing department of the army and left my belongings behind. The venter
of the city was filled with white smoke and I thousht a gas storage tank was
afire. I went to a hospital aid station by truck. Aff{er treatment of the
injuries at the aid station, while traveling in the truck I saw how ser-

ious the danage was. Fires had broken out. I reached the hospital which was
crowded and hellish. My injuries, compared to cthers, were relatlvely slight.
The corriodors of the hospital were so crowded with severely injured people
that one could hardly get his foot in. I could not stand the fishy smells.
The window panes of the hospital were shattered, doctors and nurses were in-
Jured but bandaged their wounds and cared for the patients. Pevple were
burned all over their bodies except those who had on heavy clothing. Some
who were in the inner parts of their homes when they collapsed were severely
injured or killed. Many of these wictims were burned alive when the fire
started and only their bones were found. I could not help the people pimmed
under the buildings because I was injured. The houses collapsed away from
the direction of the blast. I grew faint and cold sweat broke out because

of anemia of the brain. I got better after a hypodermic injection. The
patient in the next bed saild that three B-29's came and dropped parachutes
which gave out lightning flashes and it suddently grew dark. The hospital was
full of children crying for their mobhers; patients were asking for water and
help. Most of them died before evening was past. When I realized my 1life
wasn't in danger I felt the pain of my injuries. Memories of my parents in
the country came into my mind. 3Biscults and rice were distributed and
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doctors arrived. The severely injured were removed by boat or train. Pa-
tients who came early were well cared for but thoss who came later were

not cared for owing to lack of supplies. In the evening I went home with
the help of a cene and my lodging wus not burned. The view of the destroyed
city filled mo with deep emotion. The round scarlet sun in the western sky
was descending in = beautiful sunset. The center of the city was still
burning. The fires produced encugh light that one could read a newspaper
until abeut 4% 2.M. I slept under a mosquito net in the open that night. On
the Tth of August, I tried to go home to have my injuries treated. Along
the road people were moving but no one could take care of them. Everything
w2g flattened, trees, houses, poles, except a few lorge buildings, of con-
crete. The destruction was beyond my imagination. The castle in the center
of the city was destroyed in 2 moment. The volimtary disuster control groups
helped collect the dead, gave food to the victims and prepared milk for the
children. Burned and neked bodies were lying every 5 to 10 meters along:
each side of the road. Cows rnd heorses were dead,swollen and evigcer-

ated. Street cars were burned and destroyed. People in the trams died In
their seats. I started home from Kol-machi station. Several days later

I found out this wag all caused by the atomic bomb.

People near the center of the explosion often received no wounds but
died within two or three duys. Some who died two or three weeks later had
cpilation, pharynegitis, diarrhe~, bleeding gums, and diminutinon of the blood
cells. The white cell count went 4g low ag 200 cr 300. My white count was
3600. I was 3 km. from the center of the explosion. My injuries healed
slowly and were well only after two months.

At last, for this reason, Japan acceded to the Potsdam Declaration,
three years, eight months after the beginning of the greanter Asiatic War.
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L. Hasegawa - Eyewitness Account by a Citizen of Hiroshima.

Thie new type of bomb was like lightening on = bright, cloudless day.
Although I was expecting a rald 2t some time this one came right after the
all clear signal had been given. In 2 moment buildings collapsed, people
were injured and killed and the crash of the buildings falling was like the
striking of hundreds of bolts of lisghtning.

A1l of my hopes were shattered on the 6th of August 1945. This Was a
day never to be forgotten in a life time. On this day the people of Hiro-
shima lost parents, brothers, sisters, and their homes were burned. Many
were burned to death. We lost the war because of science but we hope to
build a finer Japan by new advanceg in science.

On this day I left the Seno station at 7:06 A.M. and reached the Hiro-
shime station before 8 A.M. I went to my office in front of the station
acrogs the street. My companions were Mr. K. and Mr. N. We had been talking
about felse rumors »nd air raids. When we had left on the train an air raid
warning has been gounded. All this time I knew that B-29's were in the lo-
celity. The all cleur signal had been given and people in the train were not
alert. However, over the radlo news had been given that 2n enemy plane was
approaching. People in the %rain 2nd in the crowded station did not hear this
werning and could hot heve heedédiit. I sat in the train smoking and making
plans for the day, as the enemy plane came in. The plane had been near since
about 6 A.M. but few people pmid attention to the warning since they saw
the plane over the city. On their way to work people heard the all clear
signal and thought they were safe. Since many pecple customarily went to
work at 8 A.M. they pondered over whether they should go to work. The sky
wrs ultramarine. I rushed to my work. Suddenly +the front of Hiroshima sta-
tion was crowded with waves of people. These streamed towards the platform
and some of these saw the B-29. One worker wag henrd to say that cone of the
planes was returning and 1t was not necegsary Lo pay any attention to it.
When the explosion occurred I was on the train. It was 8:16 or 8:17 AM. I
think. I was dressed in black serge trousers and in a shirt similar to =
military wniform. I had on also, a brown working shirt with a zipper. My
sleeves were rolled to the elbows. Just as the explosion occurred I was
taking a magazine from my brief case and started to get up. I felt the heat
on 1y bare arms and I heard a sound like "shu". At the same time that I felt
the heat I saw a flash with my eyes. I lost my spectacles and my identifi-
cation sewn on my shirt and my cap. In one moment I thought a large incendiary
bowb had been dropped. On the other hand 1t didn't seem to We a raid but
somdthing inexplicable had happened. There was a flash that I did not under-
stond. Just as I felt that T was crushed and I covered my ears and eyes. I
fell flat on the floor. The sound of the explosion was similar to the noise
made by incendiary bombs. The window panes were shabtered and brown smoke
ceme through into the train. I felt puin in both arms but my hands were
covering my ears. I heard a loud crackling sound. I was unable tc determine
what had happened because I couls not see around. I thought the train had
lurched. The train, it seems, was gtill standing in the station and the
ceiling caved in. I thought the bomb had dropped near the station. My one
thought was to get sway from the station. When I left the station my cap,
glasses, and identification were gono. My arms felt itchy. I didn't get
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other burns because my shirt was zippered up the front. My body felt warm
and I thought debrils of the incendiary bomb were on me. I had a box of
natches In my coat and these caught on fire. 1T soon realized that the heat
was caused by the matches. The train was in complete darkness. As I ran
out of the train my arms feolt sticky and felt painful. When I reached the
back entra