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Section 4H
MATERTALS AND ETHODS
Frepared by Avorill A, Liebow, Lt. Col,, M

The Hiroshima section of the Joint Commission, consisting of 6 medical
officers, 4 onlisted men and some 25 Japanese physit;ians, reached Hiroshime
by" air on 12 October 1945, The city still wes in the process of drying from
the disastrous typhoon of 17 September and the clouds of the succeeding temp-
est of the first week of October were just clearing, Headquarters were es-
tablished at the Ujine Branch Hospital of the Hiroshima First Army Hospital
some 4300 meters from the point ebove which the,‘boinb exploded, This hospi-
tal comrised the converted- residential quarters qf the Daiwva Rayoh Mill,
Laboratory, ofiice, and clinic roons were procured and arrangements verc
ncde with the military ‘and nrefectural authorities to supply rations and
qﬁarters, for -patients that were to be referred for study from other institu-
tions and from outpatient: clinics, Approximately 75 patients were already in
the hospital when the Joint Commission arrived, in the care of Japanese mili-
tary‘ physicians who cxtended every couriesy, |

I‘ort.unately the electric circuits had been re-establz...,»zed after théir
interruption by the ’c.yphoon, and plenty of water uas avallg.ble All appara-~
tus, cnemcals ’ record sheets, stenographic equmment, rations s and three
1/4 ton vehlclcs had been brought in by air, Staining solﬁtions and a few
standard reagents nad been prepaxrcd at Tokyo Imoerial Un:.vcrsitJ vhile the

Cormission was “t-ra:.tmg passage to Hiroshima,
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Four ma:ln éhann_,eia of inveerbigation.were 'puraued, nore of lces
simul.taneously: A |

: l; Review of euusting records and collection of GpeClﬂ@nSo

2._; Clinical and laboranory studies.

3. Collection o:E‘ data for obtaining estimtes of the pomﬂ.ebion
‘and casualties.

4e Analyses of the factors in protection.

App'*opr:i.at.e date thus collet:ued was subaected to atatist-i eal analysis

‘a3 presented in Section 9.,

1, REVISW O¢ BXIST ING RECORDS AND COLLECTION OF SPI‘.CII.’H'.‘.I\IS

.Ao Use of standard record foyms and maps,
A record fom con’oa.mmg essential porsonal and clinicol data was designe

ed for use in transcriblng old records as well es for the purpose of 'bhe
Commnizsion!s orlginal a’bservations. Speciol euphasis was put on the accurate
recording of factors of d.gs»ance, and shelter. As an aid in attaining this

objective, maps of the cit& vhich hod concentyic circles drawn about the

center of the ea:p‘l.oaioh weyo used, These were alvays in the possession of thé

physicions while obtaining information from the patients and proved to be
exbremely valuable, The d%;.ta secured by these means were employed for the
statistical analysis to be presemted in Section 9, where also appears & de~

' ta.ﬂéd degoription of the record fom. On these forms were entored not

on].J Momatim from pa.tients seen by the Gonmﬁ.ssion, but also data from
records already available..
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" 'B, Eb:istig Japanese Records, Repgrts, and Specimens,

One of the first tasks of the Connnissmn was to collect all ezisting
data and material»s and to establish an estimate of their reliability,
Whatever proved td be reliable after inves‘i;igation was tméfﬁed to the
fecofds- of the. Commission, In each instance, the transfalfral of infbrma.-
tion from the Japenese to American records was accomplished with the aid -

‘of English-spea.king Japanesa physicians, whose integrity had been establish-

ed by previous personal contact, working d'irectly with the Americans, Thus,
accuracy was 1mproved not only by linguistic and medical vigilance -but also
by opportunity to establish by direct questioning the exact meaning which
might be lost ifv non-prof“eSsional tra.nsiation services were utilized, The at-
tempt was not to ask leading questions and to embody in the translated records

A only actually and unequivoeally recordeé data, In this manner, old hospito.l

records . of the Ujina Hospit.a.l, Red Cross Hospital, Post Office.

_ (Teishin byoin) Hospital, and Kusatsu Prefectural Hospital were tra.nscribed.
' At the completion of climical work 1n Hiroshima a.nd ad jacent ci‘bies, the rec-

ords of ‘the Iwakuni, Kure Naval, Saljyo, Okayama Military and G:wlm Med-
ical School, Takatsuke Medj.ca.l School, Kobe, Osaka, Kyoto prerm University

Medical School, and Kyoto Prefectural Hospitals, and of the Tokyo Imperial
- University were reviewed, 'In each in'stance,' the actual clinical record and

~not a sumary or chart was the source of the information,

C. Review of Japanese ‘R_e_m; 83
Tho Japanese, keenly awa.re of the necessity of medical investigation of

' the. casualfies had sent several research parties” to Hiroshime beforo the
arrival of the Joint Commission, Certain distant hospitals which had re-
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" earliest cases wm.ch is not O’bhem:fi.se available. - ’

coived evacuees from the city ia scme *mstamcsalso conducted their om
studies. Reports were issued from time to time by all of thess iavestige-
tors, Texts of complebed and projected works wez'ev collected by Professor
¥zsao Tsuzuki, who furnished liabé and copies of the veports as they appeared,
to0 Amorican merbers of the Joint Commission. The most important of these

are sumarized in appendix 1 of this s»ta’cﬁ:i.tsmt They will be referred to in
the téxt thereafter by number as they appear in the appendix. To a certain
exbent they ovez*la;p the date surmorized in the present report since the
orig:t.nai recéa:ds on which they are based were also rev:i;e'yved by the Joiny
Commission. There is much, however, concerning elinical detail in the

-

D. _Autopsy Sgéc:ixziens: o

- The pathologic descriptions and ahalyses are‘la.‘rgely of material sup~
plied by Japonese pathologists. This had been widely disseminated through~
out the _coxm;bry and the collection of adequate s.peci&mms after the dévious
process of charting their vhereabouts, requircjd rather extensive travel.
Almost all of it wes yielded willingly and in good £oith. Seme came to
hand only afber various complex native academic and political intwigues had
been wtangled. ' |

Much of the tisaue thus collected had been rendered unsuitable by poor
fixation, or by the use of‘ formalin of inadequate strength. This chemical
had been almost unobtainable in Japen and was used very sparingly by the
pathologists. The autopsies performed by the group from the Tokyo Imperial
University and the Military Hospital of Ujina v:erejca.rried out almost imme-

diately after the death of the patient, as were those performed by the
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Commission | Some of the other material shows too much postmortem change
for 1nterpretation. . |

The gross notes were translated directly to members'of the Commis-
sion of English-speaking Japanese pathologists. They are for the most
part brief and stilted, but in general proved to be-reasonabiy aocurate
when it was possible to corroborate the déscription by inspection of the
organs themselves, Microscopic sections were obtained from the Japancse
wﬁenever possible even when gross material was still available, The
latter was brought back to U, S. Army installations and was prepared for
microscopic study at the Army Institute of Pathology in the case of the
Hiroshima specimens, and at the 18th Medical Gehéral Laborétory at Hawaii
in the case of the tissues from Nagasaki, Material from the latter city
was also prepared under the auspices of the U, S, Navy ahd’is stofed at the
Medical Center, Naval Mbdlcal Research Institute in Bethesda, Maryland,

The protocols, tissue and slides are preserved in the Army Institute

of Pathology., The original Japanese sectlons were often from better fixed

material since the re31dual gross tissue was usually poorly preserved in
the form of overélarge blocks in dllutb formalin or in formalln thﬂt had
been used previously, ' . ‘:

At the Army Institute of P‘atholog'yvthe accession mimber 158930 has

been ass1gned to all of thls materlal *Bach autopsy has been'ﬂivén é‘

. "key number" undér ‘the general acces51on number by which the protocols and

tissues are flled A cross-lnaex and guide to all of the materiel and rec

ords has been, prepared and is avallable at the Instltute
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2. _CLINIG/L AND LABORATORY STUDIES
A, Patients in hoggix‘;el. ; o \ h .
‘ When the ftemic Bomb Comnission reached Hiroshima on 12 October 1945,
the pé.tien’cs were found under treatment at several hospi’ce;ls, The immediate

problem was to place them under the direct surveillance of the Cdmission.

-For this purpose, teems of imerican and Japanese were orgonized to studv

these cases in detail and to cbserve and record whatever manifestations of

 disedse were shill in evldenqé. Acute mani‘i‘esrbai}ions had lergely disappear-

ed by the middle of Oﬁbpber aud none with petechiece wore seen. The inform-

' a.t.ion concerning earlier cases consequently is baued entirely upon Japanese

obsez'vat ions.

The patients at the Ujina Militazy Hospital, then under the control of

the First Military Hospital, were the first to come wnder study. Then came
-those at the Kusatsu Prefecuural Hospital, Red Cross Hosp:.tdl, Camunications

.Departmem; (Post Office) Hospital s Saijyo Samatorium, and Ivmlkuni Hospital{.
'B.” Clinic Patitmmts, | o

After this phase of the work, nogotistions were made to esbu.blieh cli-
nics at the Post Office Hoe:pital, vhich cared not only for its own an;il.oyees,
but also for others who had been injured, particularly those in Usida District,
This clinic was mointained ! ,contﬁnuously until late in November. Here came
under study and treuumetzt patienta in a stage of recovery vho had previously
been acutely 111 and whose <earller records were available.
C. "Sam ! Study. | .

: Afbar the initial pllaée of hospital work had been estublished, an at-

tempt was made to perfoim a "sampling" study. This was des:ig;ned to obtain
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for examination not only patients who had been injured and who had become
111 as a result of the bombing but also healthy survivors from all zones,

This was not truly a study of individuals representative of the population

of each zone, since there was an obvious predominance of injured and 111

' who wished to avail themselves of the facilities of consultation and treat-

ment afforded by the clinic Healtlw survivors who did-come nnder the sur- :
veillance of these clinics ’ however, yielded excellent clues as to whw they

B were unaffected, or apparently unaffected, by the bombing.

The method was to establish contact with some central agency in repre—
eentative pm‘ecincts s to emplain to them the purpose of the vou.'k, to promise a
certain amount of therapy, ‘particularly dressings, and to arrange that they
advise the population to meet at a certain time and place, usually a sehool

' The necessity of obtaining not only sick but also apparently well individuale

vas stressed and the concentrically circled map was demonstrated to indicat'\

" what territory came within the sphere or investigation. Excellent cooperation

vas alnast always obtained from the 1oca1 police or administrative authoritiee.
Appointments were made two days in advance of the time that the clinics were
held, The aid of respected and influential Japanese pbwsioians facilitated

: thie liaieon.

Each clinic team consisted of an American medical officer and one or
two of the most competent’ J‘apanese physicians, each of whom was in charge of

® team or four J'apanese eenior nedical students or recent graduates, The per-

eonnal of the teans was kept oonetant so that the excellencies and shortcominge

of each individual soon becane apparent, thus affording opportunity of co:rrection

7 (4H) o 7 .
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by adroni’oion and example, Bach studenc'b record was checked by the lead-
ing Japanese, v.bo then brought all of the completed records for review,
one by one, with the American medical officer in ch"rge of the group. This
systemotic chonneling of authomty did much to improve the quality of the
worke | |

—-—Buring the course o;‘.‘ the study, a disbribzrhi9n chart was maintained in
order %o assure a representaﬁive 's&mple of indivi;iﬁals surveyed as far as
geographic lecution was concerned, Flans were mé;ie according to the indi-
cabions of this chart day by‘l day. o 'J

Differenticting Schemes,

In order to c,fi‘emnul %e the various types of cases, a consecutive
numbering schane was enploy ed with special prefixes and suffixes to d:Lt‘i‘er-
entiate the types of cases., ‘I‘he first Hiroshims case was given the number

6001, since a block of 6000 numbers had been assigned to the parallel
Nagasaki study. Actually, more than 6000 pat_ie_nﬁs y;ere studied in each
city and the records were renumbered when' brought back to the United Sbatéa.;
The prefix "' vas used for hospital inpatient.s; Mthdse with the prefix '"oh
were outpatitnts Seer in vai'ious clinics ond b} 1058 w:n.th the pre.f:.x "S" were
individuals that came into the “saxzxpl:i.ng" sux'veyo The suffix maicated the
place of record. A list of these is appended (ta.ble 1), for the convenience
of identifying the original records. This scheme proved useful. since it was
poscible at once to identify the nature of the'c'ahse‘and the place where ob-

served.

8 (LH) ‘ | 8
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Table 1 {Continusd)

SEERES

Eyoto Prefectural Medical School {(Sases svudied

Eyote Prefectursl.

- & AT, T, - L /JE T
BRIy -~ REY bu?.:;'e)

Bycbo Unisrersity

HMibsubishi Jospital

Niho

(lkeyome Hedical Scheol

Okeyama Military Hospital

Cnaga

~ Ono Hospital

Osakn Medioal. School.
dbake | B
Cuzu

Post Office Hospital
Eaxly Pﬁost Office Cases

Pyison

Red Cross Hospital (Hiroshime) |

Saijyvo
Second Amy Hospital _

8a (L4H)
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Hedicel School (Cases studied

Hirosnims)
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Toble 1' | (Continued)
SUTEINE
Takebsulce Takabsuld Branch of the Osaka Medical Faculty
Tot - Totvori !a:ﬁ%;,r Hospital
U : Ujine Hospibtol
tih Ugide
U3 : Ujine Public School #l
Us ' Ujina Poblic School #2-
Ush A Uside Hospital (Kyoto Resesrca Committee Patients)
! : Ya Yaga o |

Yo " Yokogawa
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D, leboratory Data:
Mnch of the laboratorry data in the pages the.t follow vere obtained :l.n

various Japanese medical laboratories before the Jo:l.nt Comnission began to

'funotion. In some 1nsta.nces, it was obvious from the results that the tech—

nical procedures were regula.rly in error and consequently the entire tech-
nical output of the laboratory concerned was disregarded except for slides

- and specimens that rema.ined, and were subject to reetmiy by the Commission,

In the survey work of the Comission, the most commonly employed labo-

ratory prooeduree were the following:

1. White blood cell count s differential, hemoglob:l.n, blood protein,
These were detennined .routinely in every fifth patient regardless of
indications. The objéect was to collect deta concerning exposed but

asymptomatic individnals as well as from those who were ill

: Venipunct\n-es were performed on all of these patients Smears 'were

made directly from the fresh blood a.nd the remainder was brought to the
1aboratorydn omlated -form‘ for the determination of total protein and
»hgmoglobin by the o0pper sulfate¥® method and for a white cell count.A A
| chart, different from that which appears in the original method, was
' employed. This gives readings for serum proteins that are approximately
0,6 gram higher, lWhe;n the hemoglobin was below 8 grams per cent, red
blood counts and hemoglobin were usually also determined. In normals
or nea.r normals, the Sahli and copper sulfate method usually checked

within 0,5 per cent but occasionally ‘were off as much as 2 grams per cent,

'S:l.mons, J S,, and Gentzkow, C. J. Laboratory Methods of the United
~‘.‘.‘:'I'.atea Army, 5th Fd'n. Lea and Febiger, FPhiladelphia, 1944.

9 (48) . | a1




2, Pricc dones surves vers debermined on some of the smears uhsn

ghey were broushi bock o She Unlted Sba ( ce Sectibn 6).

3., Reticvlocyies wrove coudted im brdllinnl crcoy.h blue preparstions

2 ~

comrbersteined with Virdght r Glemsz soluvbion. The briliiant cresyl

hen applied in & U

wmabely 3 minubes, ond then wes ccurrtersc.amcda

sont smears wnich had

thirough |

s s sy 3 emy ol s p Y 2 Bl
GO0 xR ORH CDY Ge DerHlw DL

sulinte solvtlion. ruse 5y -this method in

NI JUR JUPACY e ey T e e e e Feaee s DAY DD e I -
LS IS ES FAOJECUS TOYQ LLLL el Lo Lo Qi LG r;;wuu ‘GO JOV,LA.-'V, with an

average level of 230,000,

TR 2 ‘v. ) i" B P ~, .~ BAT A IR
Ly the method of Duke using filvey

paper ond ear blood, and the clobiluyg vime w 5 estimnted by the method

edzher Fiass siides or s wavch gloss ana

of Sahli and Fonio-, using

0..
¢

‘

eiploying a dravm out glass rod as the “wire.”

" 6. . Bone marrow woe aspiraited with a #16 short ncedic. The steimum or

a spincus process near its jtmcﬁion with the arch’of a veruebra wes the
site of choice, The letier was ‘commonly employed by Dr. Wakao of Tokye
Imperial University. It is done with the patient in the sitting posis
tion and has the advontage of concealing the large needle from the
patient. Also it rerieves him of the fear induced by pressuare cn the
thorax, no matter how gentle. Little difficulty was encountered in
obtaining éatisfacto;y specimens of marrow vhich are entively comparable

to that obboined from the stermum. Very gontle suction with the syringe

E'3
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was employed, to reduce the dilution factor as much as possible‘.

The smears wers immediately fixed in absolute methyl alcohol and
steined either by the Giemsa' or Wright-Giemsa methdds.' All prepara-
tions made by the Commission were by the latter method.

7. Sperm céunts. The cooperation of Japanese patients ﬁag' enlisﬁed
by explaining the medical indications or by the uss of small gifts,

The m’atéx_‘ial was produced at the clinics by the friction method and

was collected in test tubes and immediately examined for "inotility.

Counts were made tusually within 4 hours using a diluent cOnsisting of

5% sodium earbonate solution containing 1% formalin a.nd a standard

,hemacytometer
8, Endometrial biopsies were obtained by ordinary curette in patients

with amenorrhea. The work was performed by a special Japanese team
‘under the supervision of Dr, Mitani and Dr, Iwai th the Red Cross

Hospital, They obtained complete records of the menstrual histories

. and ext.mined each patient gy'necologically.

Other technigues used in Japanese Laboratories before arri.val of the

Joint Commission were as follows:

| 1, Sedimentation rate by the method of Westegren. Usually the 6nefhour

reading was recorded or in some instances a curve was made with the

final reading at .‘2 hours,

2, Icterus Index by the Meulengracht procedure,

3. Serum bilirubin by the method of van den Bergh

4. Urobilinogen by the method of Ehrlich,

5, The Takata-Ara rTeaction by the standard method as originally described.

noE 13




6, Occult blood in feces, either by the benzidine or Guaiac methods,
The latter which is known to be more specific gave results which were
positive approximately one-third as frequently as the former,

7. Gastric juice was examined by the method of Katsch-Kalk,

8, The few blood cultures that were made were done by the inmoculation

~ of nutrient broth and also by the inoculation of :a bile broth, The.

latter was employed particularly in the -attempf at detection of typhoid
bacilli, | "

9., Medla used for stool cultures were the Endo plate and Comradi-
Drigalskil media,

10, The non-protein nitrogen was performed aqcording to Kowarski*
This requires some discussion since the results in the patients with

radiation effects as tested late in September, 1945, were low, Three.

control levels that had been used at the time the method was: first put
into operation, approximately 10 September 1945 ’ ‘ranged_ between 25,0 and .
26,7 milligrems per cent, A Somogyl filtrate followed by Nessleriza-
tion was employed, There was some question of the purity of the mercury
used in preparing' the Nesslér reagent, |

The methods used by the Kyoto research group were similar, In
addition, serum proteins were determined by the Pulfrich refractometer.
* Klopstock, M,, and Kowarski, 4,: Pra.ktikum der mnischem, Cheamischen,

Mikroskopischen, und Bakteriologischer Untersuchungsmethoden, (Revised
by Tillmanns and Ohnesorge), 1940, Japanese Edition,

12 (4H) L
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o Llinical and Laboratory Controls,

Tt was necessary to obtoin brekground informntion for interp --eh.mg;
both cl:.n:.cal and raoo; bory infomasbion of this somewaat Ln'?"-.c?‘oum.sbcd
popul...uion livm.g in o d.LSO.(‘ m:._.cd commrumiity where hnre s abundant
Opporhunlty foy the soro 24 of Infecticus disensen, Wy no mejor epidemics

were x‘eported iz o comnlete ug,r%w.af s eomsidering the hovels ~7mo "‘.'-zhich

pg.tlen‘ba were crowded aad the dubious sources of wnier that viere employed,

_’For these purposes, md:.v:.dud.b givvated at ohe pelishery of the city would

in sape mezsurs act ag con‘a;f-ols for br:om, nearer the center: the foctors of

diet andg in’feci;ion can be asswaad o have affected both groups equally.
" Balanced c.onbvol gﬂoups Wore esbab ishe d o a lml.md »xbcnt 'l'he

first consisted o“i' em'aloyeeu oi the r‘,...?.‘ouo who had been at U;J.na Base

Offlce, l@qé Im d:,sud.nt :z.n campayison with &np?oyces who had becn ab work

at the m.ln stati.on amd aasocuted "erdb, 1.8 km distant. Another groupA |
comprised students at the nv'oxn sional !i.,_.os}'ma Eigk School neor Xaitaichi

who had been far from Hiroshimz' a.t the time of the bomb..ng. These were come-

paredwm.uh their fellows equa.'! in age who hed been clos er to the cennera

3e. STUDI I _POPULATIOR AND Cn"ﬁﬂL"‘lLS

The mnorbmt m’*oblms were to obtain an accurcte est.:mc,ue of the popuw-

lat:.on o:E' the city at the time of the bambing and an adequate si'-a'bist:’.cal

sample of survivors who cm._.a give trushworthy inforstien concerning the

: disposibion and fate of md:w:. als. The ultimate pursose of the studr vwos

the. construction of & curve shewring the relation between the casualiies and

the distance fram the bamb end the clucidstion of the causes of ¢

@ cagual~

ties. In the mattor of Sampling of the population, the Commission was

13 (B8) 15
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advised late in Hovamber, 1945, by Lb. Harald Nisselso, Uam, of the
7nit§d S"c.a‘ﬁes Strategic Bombing Survey. The actuﬁ work and much‘ of the
plarning were bea*fozmsd by Captain (then‘ls;i Lte) Lurv-m L, Habel, FA,
with the assistance of Dr. lMotesaburo Eﬂacwana, of the Inst titute of Statis-
tical _Eziathematics oi the Japencse Deportment of Education. A plon was sub-
witted to The Chief Surgeon at GHQ, Tokyo, on 3 Decarber 1943, which was
af)provc . The group arrived a:.:, Hivoshina on 7 Decenber 1945 and completed
its mission on the 22nd. The methods employed in arviving at an estimate
of cne pre-raid poleu.nion a.nd of the casualties a.é'e nresented in Seétion 10H,

.‘N‘ vorically, the proccdures just d,.ucussed a.c"hnm...].y vere the last
adopted. At the outset it was thought that *bhe best method would be to
znalyze the cosunlties of vorious Lroups scat.'beredyaboub the city la'b imovwn
distances from the center, Data on the schools wéré éollected for this
purpose by verious membérs of 'ﬁhe Tokyo First hﬁlitary Hospital vwho were
stationed at the Ujina Hospitai. They do nob prc";ide a represeitéative
Samp'l.e of the mnulat.:z.on, but yield ce"b‘.zn :mfozmwb.mn of value.

Data concerning certain other speciflc groups whose conditions of ex-

posure and su‘osequent fate were known, were also sought in an effoz'h to

_analyze the various individval fectors concerned in producing the total

ca.mlal*c.y rate, Such informotion was forthcom:ng masmuch as certain villages
and schodl g that had sent Upatriotic wor.kers groups" :mto nirosh:una. on the
dey of the bombing had kept records that gave all the appearances oi’ trust-
worthiness. These are also nreseniec in oecta.on lﬁﬂo

4. ANALYSIS OF FAC”O:%S I PRO?.]I}TICI‘J

The factors of probection azninst blogh, ‘ncaL and radistion s:.ckuess

Ly, (41) N 16
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s_':eréﬂ stucl_:."éd in the individusl cases at tﬁg tinme the hie‘c,ox"ic::s‘ vieve 'i;aken
aqd physicol exasminations pex‘fqrﬁled,- in p:itienis vho had been buﬁﬁeci, |
cldbhing waskcollectedA and its color and cub wero correlated with the loca-
tion a.ncl chara.cter of the bumql Perbinentb data ‘aQre 'presento..d .Ln Section SHa

In part:.culg.r, an attenpt was mude to discover why certaln persons cscaned

| injuy alk though close to the center. Such patients provided a cluo to ’ohe .

st.udy of larger groups, such as the high school girls in cert-o.in concrate

- shelters :m the Chogolu Amy Headquarters (Section 11H),

Teams were o;'ganued with the specific duty of collecting _clinicel data
concerning people in specii‘ic bu:iJ dings, of este.blishi_ng their exact positions

and of ma.kmg measurements later to be, usea. in filtration faCbO!‘S. 1st Lt, .

wmm Vance, SnC o:E' the 29th Malarlie burvcy Detachment at Kure, w'mse - |

eng:!.ncering talem.s came to light, was attached to the Commission for t.he
purpose of determining cer‘od:m measurments of bmldmr's. Dr,- Koit:. mura.ti,
the blophys.;.cwu s and Dy, mkeo Murai, wilth the cooperation of Ja;pnese
students, exhibited great Mgenui’cy and industry in the study of bu:.ld:.ngs
a..xd in locating and mtervievm1g survivors.

These various ‘oypes ox study were done in secucnce only in a gener:ﬂ. ,

sense. Act\nlly it vas ~oos~,::.b1 e to proceed s.:.mnltaneously with several

>phase° of the examination. :

o W . 17



Appendix 1 - Section 4H
ABSTRACTS OF JAPANESE REPRTS

Edited by Verne R, Mason, Col,, MG

In this section are presented in brief the salient features of the
most important reports concerning Hiroshima, of the Japanese investigators,
Emphasis is placed on observations of early cases that could not be mde
by the Joint Commission itself, on other material of interest that does not
appear ‘in the body of this report, and on certain matters with which the
Joint Commission is not in agreement but which m,zaor be worth recording. '.l‘he
translated Japanese reports are available in full at the Army Institute of
Pathology and are filed with other materials of this study.

1, m Medical College and First ng Az_'mx Hospita.l "Medical Report of

Yhe Atomic Bombing in Hiroshima

This is a comprehensive report dealing largely with 712 patients seen

in the i‘olldviing Army.hospitals by Je.panese'medical officers: First and Sec-

ond Hiroshima, Fukuyama, Okayama and Himeji, The report was compiled by
members ‘oi‘ the Army Medical C'olleg'e in Toyko and tﬁe First Tokyo Army Hospital
who proved to be among the best trained physicians encountered by the Commis-
sion in Japan Their observations were made between 8 August ’ when some of
them arrived in Hiroshima to work in the aid stations, and the middle of Nov-

ember; 1945, It is the result of the cooperative efforts of these officers

- together with those of the members of the faculty oi‘ the Tokyo Imperial Univer—

sity, Many of the latter were later with the J'oint Commission., The original
clinieal records were made available to the Joint Comission and the essential

data were transcribed to the standard form and ha.ve been made part of the mate-

rial for the statistical analysis, Major Misono and other moving spirits in the
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Japanese enterprise worke@ directly with the Cormission in accomplishing
this transfer., The tabulated data, as summarized in the final report of
the‘Army Medical College, was found to be completcly accurate in every de-
tail when checked against the ofiginal records, For this reason, as well
as on the basis of the personal contacts with the medical officers of the
Army Medical College, much reliance is placed on the descriptions by these
observers of the casualties in fhe early weeks, The data collected during
the week before end after 1 Sepfember 1945 when the signs and symptoms of
radiation effect Qere most spectacular are particularly well documented,
Numerous hematological and pathologic specimens collected largely by the mem-
bers of the Tokyo Imperial Unive?sity at that time were made available to
the Commission, They werc among the most excellent technical prepafatiens
that became available, Another series of bone marrow aspiration biopsies was
performed by Professor Morita of Yamanashi MEdica1.School late in September, “
These were also reviewed, Among the laboratory procedures, in addition to
ordinary hematological work including bleeding and clotting time, platelet
counts, fragility tests, bone marrow punctures, were the following; Deter-
mination of sedimentation rates, incterus index, serum bilirubin, urobilin
and urobilinogen (in addition to ordinary urinalyses), TakatanAra reactions,
blood chlorides and NPN, determination of occult blood 1n feces, parasitolo-
gical examlnatlons, stool ‘cultures, blood cultures, and examlnations of gas-
tric juice, All ev1dence indicated that the work was carefully done,

Thfee serleS~of necrop51es were performed, The flrst a group of 12 who
died during the flrst two weeks, were autopsied by Magor Yamashlna (AIP Key

nos, 1-12), . The second series were performed from-29 August to 7 September by

17 (4H) . 19
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members of the staff of Tokyo Imperial University (AIP Key Nos, 21-46).

- Patients who died late in September or early in October were necropsied

by members of the First Tokyo Hospital, especially Major Ohashi (AIP

Key Nos, 13-20)., The results of these investigations were carefully

summarized in the Japanese report The original material was reirlewed
by the Joint Commission and the results appear in Section 8, together
with paterial from other sources, _ : \

The Japanese report: contains a detailed statistical analysis of cer-

| tain symptoms, especially epilation, in relation to time of onset, dis-

tance, sex, and other factors.

A casualty study of groups of school chi].dren, suggested by the Joint
Gom_nlssion, ‘wasg ca.rried eut by the Army Medical School and is reperted by
them, The data analyzed ‘according to exposure groups, appears in Section
10H of the 'Joi'nt Commissioa Repert. ' .

Other. valuable investigations were made by the Japanese medical of-
ficers, including a study of groups of soldiers who came to the central
district shortly after the explosion and who stayed there for several

days, _Non_e of these was found to be suffering from severe radiation sick-

ness although the sediuentation rate was elevated, None of the leukocyte

‘counts was below 5,000

In a civilian group from the village of Ishiuchi, however, who worked

- at Hiroshjma shortly after the bombing, there were a few patients with
| leukopenia when tested at the end of September 1945, . About 1/3 of them

had been caught in the rain which fell a few hours after the explosion,
Since the village was some 8 km, downwind from Hiroshima, split products

18 (4H) o 20
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could coﬁoéivabiy h'avé fallen in this area. ' None of ‘bhewpati.ents waa o
severely ill * The factors involved are conplecx and consequently diffi-
cult to analyze. | ‘ " -

Near the village of Furue, there was found a zone where the radio-

_ activity was several times that of the background for the Hi_.roshim area, “

Here, there had been a colored shower, Fission products were proved to
exist in low concontrotion in this area, Six villagers were found who hnd

| not been in Hiroshim None of these was found to have leukopenia ‘when
_ tested on 4 October 1945, Two had counts between 11 and 12 thousand, Un-

fortunately no previous nor subsequent leukocyte counts are available for :
the group. v _
Physical . data obtained by members of the Institute for Physieal and

‘ chemical Research between 15 and 17 August and again a§ the beginning of

Septenber are presented, Since the work of the physicists Yanasekl,

Sugimoto, Tamaki, and Kimura and of the biophysioiat Marati ie described

in detail in the Appendix of Section 2, no further comment will be mde

here eicopt to present thef dosage data prepared by thé Jaﬁanose. (Figure 3).
. The physicists calculated the mumber of therml neutrons on the baais

of radioactivity of phoSphorns in bone to be of the order 1025 and of‘ |

fast neutrons s on the basis of radiocactivity of sulphur, to be approximately

1023. . From these estimates, the gamma ray dosage at various distances pro-

duced by oé.pture of thormi neutrons in nitrogen was calculated, as was the

fast neutron dosage in r units. This 'lo.st dosage was multipliod by a factor

of 5 to give the maximal biological equivalent as compared with gamma ray |

r dosage.. The result plotted as if the total r dosage were from gamma rays
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are shown in figure 3, The writers state that the values for the total
r dosage as ehown here are higher than indicated by biological effects
since the zone where epilation was observed did not in their experience
extend beyond 1300 meters, This would correspond to a dosage of approxi-
mately 600 r of gamme rays at energy of 2 million electron volts, The
-celculated roentgen dosage at this point, however, is appreu:imate‘ly twice
as much | |

Among other ebservations, were those made of photOgraphie materials
which had been obtained from various hospitals and shops, They included
X-ray and other negatives and printing papers, Fogging was detected‘ in
 such materials as far as 3 kn from the center, '

2, Ihe gggea.rch Commission of the Kyoto l_[_mp_er_ial University: 'Prelimi.nary
.~ Report of the Dieeater in Hiroehima City Caused by the Atomic Bomb,"

_ Kyot_o Imperial Univereity together with Kanazawa Medical School sent

this eoimnieeioe into the Hiroshima Area on 4 September, They establiah_ed ‘
themselves in two groups, one at» Ono Hospital where 76 iepatiente a.nd 124
outpatients were etu‘iied and the other at Usida in the reservo'ir area of
northeast Hiroshima where many patients had taken rei‘oge. six hundred and
forty-five outpatients were seen tﬁere. The work of thie conmission was

~ tragloally interrupted when, during the great typhoon of 17 September 1945, .

shortly a.fter 10 PM, a landslide crashed through the central section of the
' hoep_ita.l,. ee.rrying into the sea 10 of the outstanding investigators includ-
ing Profeseore Sugiyams and Mashita, together with most of the patients,

records e.nd equipment, The elinie at Usida also vas damaged According to

their report "with moh regret we, therefore, had to stop our work at Hiro-
' ehim e.nd return w:lth the aehes of our friende n

0@ 2
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The report nevertheless presents much of value. There were recorded
the findings of 3 neéropsies performed during the first week after the
bombing{ These were said to have been perfo£med at Ninoshima by Dr.
Sugiyama but were alsc reported under the name of Major Yamashina of the
Tolkkyo First Army Hespital. Slides and protocols were obtained from both
sources and appear as Koy Numbers 2, 3, and 4 in the Army Institute‘of
Pathology series. Focal pulmonary emphyseﬁa found in these patients was
interpretedvas asscciated with blasts, Suﬁmaries of the protocols of 13
necropsies performed as Usida sand 8 at Cno also appear togetﬁer with a
series of 26 photomicrographs.

There are many tables cf clinical symptoms and laboratory data clas-
sified by distance and time of obrervation., A table of normal values for
white and red blood cell levels in persons in the Hiroshima Prefecture is
supplied. The date on which the counté were made and the exact location of
the subjects is not stated {table 1).

The Takata-Ara reaction was positive in 1l of 21 patients, more fre-
quently when the leukocyte count was below 2000, The reaction was negative,
however, in 3 severe and l mild'cases of radiation effect,

Blood bilirubin estimated in 17 severe apd~h mild cases was found to
be elevated only in ohe instancé. : )

Vitamin C levels were reducéd-ihvpracticaily»all“sdbjects,'<

The hlectrocardiogramslwerg studied?inisoipatients'varying~frdm'lB-to
LS years of age. TheJQ~f interval wés prolongéd‘ih 9 of‘these~and the T .
wave had a diminiéhedsamélitu&é?in“3;  These findings ‘were' theugll to be
associated with "aneﬁiéféﬁd:anhenia.""In'dne-mild case théfe‘wasién‘un-
explained bundleubfanch bidck and.iﬂ‘andther-the;findings suggested an
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Normal. Valm;eé of WBC, RBC, and Hgb in Hirvoshime Profecture .=
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jnfarct of the myocardium,
3. Dess Mo Fujil, K. Shiral, H. Savazaich, Y. Ogasamors, He Tanabes

"The Et’fects of Atomic Bomb on the Human Beings at Hiroshima". A Report

from the Hirochima Sanatorim a.t Saijyo.
This detailed reporh concems 77 paments with “radiat..on siclmess”
and 32 pn.timts who had burns of varyiug degrees of severity. Tt is -

lusbrat'ed with 58 tables, 5 figures and 2 maps., It is an attempt at stotis-

tical analysis and correlation of symptbms based upon this rother acé.rrby

| maberial. Sbudies were made of féver in relation to the sympbcms. Among

the conclua:‘wns are:
l. That the feover appecrs earlier; t.he more scvere the diseaae. :
2, Thet ep:ﬂ.abion usually appears ecrlier than the fever,
. 3 Phaangeal painand tonsillitis begin at the same time as the
- fever, or later. :
Gingivitis a.nd petechme usually become manifest later than the
onset. of fever,

5. In rala.tion to defervescence. Phnryngitis ceases before, petechiae
“before or dur:lng, and gingivitis uveually after the end of the febrile
| peri.od. . |
Oorrelati.on is also m..de, ih these relatively late cases; of symptons

vith Leukocyte comts. It is concluded that epilation, fever, pharpngitis,

gingivitis and petechise occur before the leukecyte count veaches its minimum,

It burned patienté, t?:e minor burns were usually associated with leu-

kocytosis but leukopenia appeared more frequently among patients with extan- .

sive Bums. The latter were found to have been closer to thoe center, which .

probably accounts for this difference.
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Twentyatﬁo electrocardiographic examinations were made, The changes
were ﬁinor except in one case where ¥entricular éxtrasystoles were found
together with other changes interprefed as indicative of "myocardial
lesions", (One note among the observations of interest was that the Rumpel-
Leed test was positive only in a few instances even in patients with severe
symptoms of radiation effect, Resistance of blood capillaries tested by
Borbely's method also was found to be normal except in one case,

5

4, J, Kuno, Lieizt.‘_CozmizuL Japanese Navy: "Report on Patients Injured by

the Explosion of the Atomic Bomb in Hiroshima", Iwekuni Naval Hospital,
This paper concerns 51 patients who had been transported to Iwakuni by
ambulance on 6 August and 2 patients broughtby boat fraﬁ Nagas?ki following
the bombing on 9 August.in that city, The following are the observations of
note:
TYPE OF INJURY

Burns alone 34

Burns and Mechanical injury 47

Simple Traumatic Injury 19
Tt was stated that almost all patients had burns of eyelids and simple con-
junctivitis which disappeared in thWéennB aﬁd 7 days,  Other observations

are of a non-specific naturé andiﬁo particplars concernipg dates are sup~

.plied,

5, Hematologiéal Study. of‘ ti:e 'A’comicr Bomb Diseés'e" Nakao, K., Kobayash:.,
G., Kato, S,y Yano, Y., and Komiya, N Imperlal Univer51ty of Tokyo, |
Medical Clinic (Dr. K. Sassa) '

Nakao and hls-co-workers summarized'the.resﬁlts of an examination of a

total of 1681 patients, Precise clinical and hemetological records were
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that osteblishment. The second phase was after 12 October vhen the group |

j tals. These patients had had hematological abudies during the ﬁ.rsb weo!a

- and borie marrow ab this tims. The 1ymvohouytes came back slowly and in some

medo of 107 of these. mcladed in Lhe fewrh are ccmm:.s on specimens

of bone marrow obtained in 91 punctu.res of some 75 pat:.ents. IL'IJ. of

- these specinens were made available to the Joint Comismon and have beenf _

reviewed toaethez' with the clinleel. histories oi‘ the- pa.t:.ents.

The work was in 2 wain phases. Between 2 and 11 Septenber, observa-".' |
tions were made ab the Ujina Hospital as nart of the cooperative eﬁ'ort 7
of the Tokyo Imper:ml Un:u:ersity and the Mlitax*y Medical authoritiea at

b

i‘m Tokyo Imperinl Un..varsity s funci.. oning with tne Joint ccmnisam.
In add:r:b:.on, mterml was made aw:lable by the Twaluni and Sal;]yo Hospi~

after admission. Clinically they e:.hibited fever, stomtitis, and ma.ry.n-
git:.s within the f:.rst week. There s also & rapid development ot anmia _

_ and some mzcleated erythrocytes appearod in the peripheral blood. Fuzthar

ev:idmce of rapid destxuction o:l’ the marrow was the severe leukopoma v:hich

' occurred with:in the first seven da.ya. Giant nem'.rophilea were presem.
. The mna"c. rapid fall occurred in the lymuhocytic series. In a Lo inatances
:the plcwelerts a].so fell moderately but the moximum reduction was not until

the Srd to l;.th woeke During the period of reogeneration in later caaea, )
Nalno noted one petient in whom the ﬂ.atelata rose to vory high lovels tem-

- porarily followed by a fall to ali-ght];; grecter than normal figures., In the
ima.terial from theo regenerating marrovs there were also large cells which he

bermed negaloblastoid. Edainophﬂes were promjnmt in the peripharal blood

cases were not oulte up. t0 normal ab the 8th weci,

2 (i) . | -



Cne conclusion was that the remarkeble dﬁ’f‘ereme ‘bobween this and
other types of aplastic anemis was the greater hypoplasm_ of the mrrow,
~ vhich however rebained o cupdc.z.ty for rsgcnezut.ion. ‘

6. Petho-Angbomical Sbudics of 3h Atomie Bomb Cases ob the Ci‘t:t_es of

Hiroshima and Nagasaled, (The F irst Repozt) . M, L:L/a.{e, Patho.’!.og:s.cal In- ,
gidtute, Tokyo Jmperial University. | i |

This, the first raporu s is & descrin’u.wn and cnalJBiS of 28 caees from ”

H.:.roehi.mu, 2 of vhich wors moropswd at tclq,ro lmpeﬁ a¥ University, and oi

6 patients autopsied at Nogoseki. Maberdal from all bub one of those ie now v
o in the U, S. Amy Institute of Pe.thology, and bhe results of the American re- -

view of the maberial p ¥ parb of the Jo:‘mt Gomls.::lon’a report.' ,

- h:iyake'e- roview is diviaod into 7 parbs. | The areface cons:.dera the in- R
Jurious factors in the babing and the detem:imnts o;t their effect upon the' S

patient, such as position, ahleldmg, %c. The sect:i.o:n on methoda antlinea
the 10 clinical and 10 "patho-anatomice.l" headings under whi.ch the find:l.nga
are aubsequently detailed, - a

The body of the woport is o detailod end mbmuc doscript.ion of eaca' o

of the casea. The tra.nalatod protocols are in the AP filea. Then fonawo
8 general review of the observations at necropsy and a renluasificution of
ohat, in the opinion of the writer, are the direct and :Indhect edfects.
'Poz‘by-eight phobamicrographs illustrate the cases. o

Kenteyo Shimizu (Tokyo Inmerj.e.l Univerntvz "Influsnce of the Atomio s

" Bomb upon Spermatogenesis,”
This reporb presents (L'c" concernmg 8 pdbf ents who had not reccived

Ve

meehouicol injusy. &oven 0¥ wﬁcc nebionte were v van ’ll'r‘osi e.nd one i‘rozn
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Nagasaki, . The'finﬁings in3one man who had been at Hiroshima 3 km, from

the center were normal, The'oounts in other in&ividuels generally show-

ed a reduction of motility and an excess of abnormal forms, particularly if
the second or later ejaculates were examined, Re&uction in numbers occurred
in those who had had severe leukopenia,

The writer states that the normal volume in Japanese is 2 to 5 grams,
the normal number above 48,400, and the percentage of abnormal forms less
than 25%.

8. Eiji Hamsmoto: "Active SH Base of Serum Protein of Patients Injured by

the Atomic Bomb", Okayama Medical College,

Nineteen convalescents at Okayama Military Hospital were tested on
2 November 1945, In all of these the active SH base appeared to be reduced
but the total proteins were elevated, This suggested to ﬁhe writer a change

in the quality of serum protein,

9. Bunsalku Arekatsu: "Field Observations at Hiroshima on the Radio-
Activity Induced by pne.Axomic Bomb," Kyoto Imperial Unirersity.

Geiger counts on the West Ihrade Ground (very cloee to the point above
which the bomb exploded) showed 70 to 80 counts per minute but on the East
Drill Field (2 5 Km) there was no appre01ab1e 1norease above backgrounﬂ
There was eV1dence also of actlvity in the K01 distrlct Materials gathered
near the center showed hlgh 1nduced activitles, partlcularly the horseshoe
magnet of an 1ntegrat1ng watt-hour meter indence 1nd1cated that neutronS'
of a wlde range of energles had bombarded the central dlstrlct |

10, Tsunesaburo Asada. "Report on the Atomic Bomb Thrown on Hiroshima"

Osaka Imperial Unlver31ty.

This is a general discussion of physical observations made on
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Fig. 1--(4H). The Ujina?Hospital (converted Daiwa Rayon Mill) at Hiro-

5f ‘shima (4300 m.). This was the headquerters of the Hiroshima section of

‘ the Joint Commission. The wards and living quarters are arranged in
cantonment fashion behind and to the left of camouflaged factory buildings.
(Photo File #HG 131; (K).)
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Fig. 1A--(4H). Entrance
Hospital, Ujina Branch,"

to Ujina Hospital. Sign reads "Hiroshims Army
(Photo File #HH 168.) -
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 Fig. 1B--(4E). A group from the leboratory of the Joint Commission &t

the Ujina Hospital, Hiroshima. Four of the nurses who assisted in

. prepaeration of the glassware are .shown.  The physicians are, from left

to right, Dr. Kato, Dr. Kajitani (at rear), Dr. Nakaso (the hematologist -
.. of Tokyo Imperial University Hospital, Professor Sassa's Clinic), Capt. -
.J. Philip Loge, Dr. Tsukada, and Dr. Okoshi. (Photo File #HH.167; (K).) .
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Fig. 2--(4HE). Clinic in session at a temporary building at the Hiroshima
Central Railroad Station. Senior students and recent medical graduates
are interviewing and examining the survivors. A microscopic examination
is being performed. Seated at rear on right is Dr. Hatano, the physician
in charge of the examiners, and Major M. L. Kramer of the Joint Commission.
Dr. Terry, of the USSBS, is with Major Kramer. (Photo File #HH 258.)
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Appendix Fig. 1--(4H). Ono Army Hospital, Mariushi, Ono Village, Sehikugun,
Hiroshima Prefecture. Professor Mashite of the Kyoto Imperial University
research group who was investigating the atomic bomb casualties and ten
other investigators were killed by landslide and flood on 17 September,
2210 hours. Professor Sugiyama, the pathologist, also was lost. (Photo
File #HH 229.) P ‘

“
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Appendix Fig. 2--(4H). Ono Army Hospital after. the typhoon of 17 Septem-
ber 1945, (Photo File #HH 231.) = = . 0 oo Rl
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‘ IN SHADED AREA BONE DISPLAYED RADIOCACTIVITY
CORRESPONDING TO MORE THAN l3XIO‘Q RAY PER MINUTE PER GRAM

: BROKEN CIRCLE CORRESPONDS TO ZONE
WHERE EPILATION WAS OBSERVED IN PATIENT

Appendix Fig. 3--(LH). (Photo File.#EP 161.)
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Section 4N
HATEIRJALS AID ETHODS ‘
Propared by George V., LeRoy, Lt, Gol.; e

The materials vhich formed the basis of this report can be divided con-
veniently into three categories: (1) caso records, autopsy tissues end pro-
tocols, and reports of scientific investigations prepared by Japanese workers;
(2) clinical data collected in collaboration with Jopanese physicians and
medical students; (3) clinical observations and laboratory studies carried
out in Japan; at the Aroy Instztute of Pathology, and at the Haval Medical Re-
seapch Institute by members of the Commission,

The Japanose Rocords - The Naval Hospitals,

The majority of the casualtics who received hospital care vere taken to
Japonesc naval hospitals in the vicinity of Nagasaki, These hospitals were
locoted at Omura, Ishahaye, Kavatann, Ureshino, end the quarantine station at
Sasebo, The quelity of medical carc in these institutions was variable, and
only in the Tirst two were suitable records maintaincd As might be expected
during the first. week after the bombing, all the records vere extremely brief
and seldom contained more than a short description of the wounds, However,
after the appearance among the casualtles of the syndrome due to exposure to
gamma radiation, the ouality of thc records imﬂroved This uas true in par-
ticular of Omura Naval Ho nital These mllitarv hosnital records are. the -
only contemporary source of data on tae relatlve nroportions of -the several
types of injury. It is not prOper, houever, to accept thelr figures v1thcut
qualificaﬁior, occcuse the patlents who "erc admitted uere a selected ‘gyoup,
The sclcctlon ues due nrlmsrlly to the ract th&t v1rtua11y all the evacuation
was by rail frcm ‘the Urakani stetion.; Therefore, only the patients uho could
valk or were carried to this station were reported in the casuslty list,

Actually, this is not too serious an objection to the data, since the Urakami
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when the first victims sought r

station was close t_d GZ,

provided the best mediesl eare,

there from 9 Auvgust until Décember, vhen their condition warranted it,

Of all these hospitels, the Omara Haval Hospital

(figure 1, 2, 3), Tho patients werc retained

The

fact that this group rcceivcd contimious care in one instituti on makes its

records quite valuable,

of Japan, the

With the cessation of hostilitles and the occupation

other Naval Hospitals dis charzed their civilian -atients as rapid-

1y as possible and frequently long before tne ratient was fit to be moved, At

‘the same time, the morzle of th% Japanese Naval medical officers deteriorated

so that after a few weeks the care of the patients can only be deserited as-fer-

Tunctory,

Adulral YASUYAMY, hovever, was

standards of mcdieal care in spi

The commanding officer of thc Omura Naval Hospital, Surgeon Rear

a rexmerkable man who was able to maintzin high

te of these' conditions, Hec refused to dis-

charze the victims of the atoni¢ bonbing and ineurres considercble officisl

displessure by his liberal attitudes

Shinkozen Medical Aid 'Hosnzi.tal.=

in general,

In the City of Nagasaki, aid stations were establ 1shed ir many of the

public buildings (See table 3,
during the first fow weeks after
No records of any sort apnear tg
The Shinkozen Medical Aid Hospit
forced conerete Public Schoéi by
blast,

The School furictioned ag

ing 80 patients were evacﬁzati:d t

Fage 19; Section 3u),

These were operated
the bombing bjr volunteors,

have been kept by the first aid workers,
a2l ves the excention, It vas a malern, rein-
ildi:ng‘t»lhich w.:’z‘sv.mddcratiely damagedv by the

a hospital and a "dispensary froc19 August,
efuge there, untid 30 October, when the remain-

o Omwra Javd. :fosnztal

The staff of the ho's{oitil e

Medical Add groups in the clt,,r began treating the casualtles

m.ngcd frequently. On 9 August, members of the

By 12 August,
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the number of cases was so large that Nawval ledical dctachments from Sasebo

and Hariojime took sole charge, After the surrender of Japan, these were
withdrawn and local physicians whose elinics and offices had been destroyed
provided the medical carc uader tie supervision of a Director appointed by

the layor, The various mecical aid groups from out of town helped out, as did
the remnants of the facully of the Nagasaki ifedical College. After 1 Octo-

ber, Ancrican Medical Offisors of the Joint Commission arrived and used the

hosnital as a base of Operations o their investigation. In the middle of

~ October, the faculty of Nagaseki:Medical College took charge of the place

and nrovided an administration, in addition to usinz it as a tenporary lome
for the College,
An egstimate of ﬁhe nunber of natients cared for during its entire opera-
tion is: |
Qutpationts,.eueeeeeeses. 95000

Hospitalized patients...,. 800
Deaths, . vse.vncrseecsee 350

Records were not kept for all the patients, “ut such as are available are

valuable, for taey represent a true cross-section of thc sort of casualty
thet was cared fop,

Other Hospitals,

Casualtles frow Ua sak1 souwnt aosm1tg11zatlon evcntually in many of the

medical cenoers of Kyvshu and Honuhu The hounltal of thc KJushu Imperlal

Uﬂlvnrs1ty of- Fuxuoka cqred for the largost anocr of thcse, and exneﬂlent

glranch1vts OL the magorlty of bheoe cllnlcal

medlca1 records uere Lept
rcvorts and autopuy pmotocols werc ~1ven to the Commls ion by ncﬂbere of
the facultj. A smgll numuer of putlcnts were 10801tallzed 1n Yumanoto, Ube,

Kyoto, Osaka, OLayama, qnd To”yo. It was possible to obtaln abstracts of
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»deta;iled to porait the corplsticn of the Joind (

- each case, Thoe wrecerds of chout 400 yaiizats we

3 [ 30 e e lnet '
thase cl.m al records,  In poawy Insbeneco. Shis

genaral, the date obb-a’ne d from mediceal schosl

the impressic_vn of hamg baen regorded eccerabaly.

Ihe ifedical Re.g:’_;qa;‘ ch Gﬁ*amb '

Teams composcd of phys seiar 15 and medls ’a'3 studsnts went to Nogasaki at
varicus times after the borbi. N3, Suc h grouns wors of two dlstinctly 3 Fn
ferent types, Oug tyne was _‘Lhe ga*su, i’ra;;z Lyushu Imperial University, who

arrived in Lhe it_;: 29 August., Their primsry mission was to etudy the degres of

resideal a1 radioactivivy in the wree, &8 woll as tne chavacteristice of the ej;‘fe.cts
- ef gamna racu.a’slono o addition o this, “.w werked diligently =itk the ﬁ.o;-
ca.'i,d'“tore' prmndmg eéical. cere in the dispensaries and in particular ab the
S‘ziinkozen Hedical Ald Hospitel oad the Omuvs E‘E.s.vei' Hospitel. fThe psvson nol

changed constantly in cosordsncs with o sotobicn . policy, so that-mosh of the

younger faculity membsrs, and mmny of Lhia sendor studenis werc aff cw"f‘:l A7 OPw=

pm*ttmity to study the viet ::. s of the giomic boxb., Frem the tize of Lheir are
"ival until December, thoro were alusys o least- o0ix zepbers of the Juculiy

w::.th a vaz-iable nurber of .mrdon 3 wertdag with tho casualiles, The merbors

of thia group were exceptionzlly dilignsab, end their records are some of the
babt that are availeble, They dovised axd voed a quesbiommaire and initiated

& nusoer of studies 01 spesizl
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 The other type oi' madical visitor was ropresented by & group fyom the

2

a2 werkers arplved on b Sepbemh cz', end - ca‘rued

Eumamoto Medical CGollago. The:

v

ca S September, They porformed aprroximabsly 20 avboncics, primsrily on g:v‘

»

t:z.e:ats for vhom no cl:.rwml £abe wes available, or recorded. Thoy mude oz*iei’
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clinical notes and single blood exominations on approximately 200 patients,
and tien returned with their maierials to their:hpmes to nrepere a report,
A nuober of such groups anspeared. In general, their records were of little
value, The nhysicians were more concerned with the novelty of the illness
than with oroviding continuing care to the vietims,

At onc time or anotisr a smoll nunber of physicists, engineers, and agri-
culturists came to Nagasaki, They investigsted various situations related
to their specialtics, and after 2 few days, they, too, retuined to their uni-
versities to correlate their data and to write their reports,

Other laterial,

In addition to the clinical records, it was ossible to obtain from the
Japanese doctors a considerable amount of patiiologic material, Wherever
possible, wet tissue, gross specimens and autonsy nrotocols were requested,
Specimens and data from 50 autopsies were finally 6btained; Approximately
300 blood 7ilms and sterna’ uarrow bionsy nreparations, with pertinent clin-
ical data, were zlso collected, As rapidly as the medical research teams
finished their studies and prcparéd their reports, copies were sukmitted to
the Joint Couission, In this manner, a considerable quantity of material
is available for study and analy"is men of this work was done by the Japan-
ese in the first month eng a. half ufter the bo;bing, that is, prior to the
errivel of the: Jblnt Comm¢ slon It 1s anQlLable, for there are no other
records or pathologlcal speclneng from tnat ncrlod -
<Cqmment, _; .u o  , L PR __‘ 4 i . ,

It 15 Qifficult to gonsralize on tre quality of the sclentific and clin-
ical. reports, Ii.is ﬁrobab;y reasoné@le'noﬁfto_mﬁke ﬁhé atiéﬁﬁt;l/A resune

of the reports included at the end of'this section and all the titles, are
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listed in Appendix 4LEH . Throughout al'l of the ewly Je..pg,nccee redical |

studies there was ons CoMon wend 'I‘na momt of view of ths ﬁo"kers wasg .-

“research‘f into the nature of ."the atom bomb dlseasa". Thereo ‘;appe.are,d,. to be

less interest in treatment, and it is surprising when the records gre reviewed .

“to cbserve the scarcity of experiments in- therapsuticsq In ali. except a few

of the largs hospitals where the victims of the bombingsvwere cared for, a

similar attitude prevailed, It was .difficult to determine the reason for this -

lack of interest in therapy. | 'i'nere was no evidence that any novel type-of

treatment was adopted or that major changes in esteblished routmes wers made.'

The conventicml remedies. were e.dmimsteréd in the customary amormts > end the
failure of the patients to reapcnd appsa:ed to have little influsnce on the-
curiosity of the atiending physicians,

COLLABORATION OF AMFRICAN AND JAPANESE DOCTORS.

In ths collectien of matexial in Naga.sak:., two types of collaborat:.on were .

taken sﬂvantage of. One was plamed in advance and is represented by the ac- -
ti..vitie's‘ of the medical youp from the Tokyo Impenal'Universz.ty, the other was.

accidental and is réxn'esented‘by the activity of workers from the Kyushu I~
periel University and the Nagasaki Medical College, The ﬁambera of the Faculty

of ﬂqdiciné of -'the Tolqo Imperial Uni.v.eréity (see 'i;ztroducticn) wors :ecruited
by Professor Masao A, TSUZUKI and were subsidiszed by the Japanese equivalent
of the Naticnal Research Council, Their association with Amsrican military
personnel was legitimized by a Genersl Order. This order designated a Jolnt
Commiseion which was composed of representatives from the Office of The Chief
Surgeon, GHQ, AFPAC, members of a party from the Manhatten District, cm of
méneeﬁ, and the Japanese p@yaicians, The latter were attached to the Com-
mission for the specific purpose of assisting in the collection of clinical
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data by the gquesticaneire method. In addition tec this, each Japanese assoe
clate wes encouraged to pursue research in his special ficld of interest, under
the direction of the American physicians, The arrangement was succesémi and
it would have been impossible to oétaixl the same amount of material i'aithb'ut '
the active assistance of thsze physiclans, | |

A second group of Japanese under the direction of Dr. Kotosabura

| MASUYAMA, a statistician from the Tokyo Impericl University, actively assiste -

ed éant.ain Marvin E, Hebel, FA, in collecting and a.nallyzing the &a‘tam pop~
ulation and casusltios which formed the basis of Section 10N of this report,
When the Joint Commission arrived in Nagasaki 30 September, they encoun~
tered two groups of Japenese who were working with the cesualties, One was a
party from the Kyushu Imperial University, most of whom were members of the
Sawada Clinic of the Faculty of Hedicine, These men were under the immediate
snpeévisicn of Professor SAWADA's associate Dr. K. KAiDA, The other group -
was the faculty and the student body of the Nagasaki Htedicel Collegs under the
leadership of Acting Dean K. KOYANO, wherever possible,. the activities of

theae groups wers coordinatad with those of the Joint Cmnission to prdvide

additional persomnel far the task, Moet of the faculty membera of each group

spoke English and the majority of the students had at least a satisfactory read-

ing knowledge of &t, In addition to all these perscnnel, a mmber of interpre-

. ters, Red Cross nurses, and other gssistants were provided from tims to tim

by the prefectural and municipal authoritias.. These workers who were fcrtuit-
ously &ffiliated with the Joint Cormission were extremely helpful be’cme' of
their 1nt.imate lmo'aledge of local conditions and custom, and becauso of thdr

' ram.liarity with the medical erfects of the atmic bonb. v

m of Matgrial Si'.mi.:l.ad8
The Joint studies which were condueted i.n Nagasald can be d:lvided 1nt.o

<
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four groups: (a) Chm cal cbservat.«.oas P pat:a.enta ia I’.lO"!l.f:'\lo and d:s.e—-.

o m sy o~
RAx :
. l.m.- .

pensaries; (b) Laboratory studies on the same iype of patz,enu (.c_) :
Quest:.omaire studies of survivors; 3 (d) opuclal .uweot'* ge."m ons ,, o
- a., The clmical materlal which w©was a.vm...able consisted of p@t.:.ea:ts in
the Omura Naval Hosp:.tal and in the Shinkozen med..cal Aid Hospital., Dur:mg
the period of observauon, about 350 pa.ticata were observed in cach :mst..-—
tutiona Because of the primitive i'acll:.b:.ea at Sh:mkozen, the t.umover of
.patients was rapid and the oPportmmy for detailed study was lir:ited. For
. this reason the workup of thess. patiqnts cozzs:xsted usually of the comrleiion
| of a questionnm.re, a brlef phys:.cal em.am..nat.ion, and ong or t.vo rour..ine o
blood examnations; In the Cmu:ea Naval Hosp* tal, cond.;.t:.cn': were more oatm-
~ factory and pat:.ents were w:.l.ling to remain under obsev-vat:v.on and care ?ox* } y
' prolonged periods. The cage st-udies in tm:a hospital weze accordingly moyrs
: complete and the general plan contemplated fx-equent exauﬂ.nat.«.ons taroughout
the entire tims that the Commission was cn hend. The wor!mp there- eonsistea
of the ccmplet.ion of a queshionnaire, air..,j detailed history and physical .
aumndnatim, frequent progress notes, and 1&watwy examinations repeated |
at i.ntervals of appmximately ons week, during the patient's stay in t.he A
. hospital. . L
'  The Shinkozenﬁedical Aid Hospitél continued to function as a dispens‘ax"y
to which casualties came to have their wounds dressed, and for such medlcal
care as they required., The outpatient scrvice was operated by the facult,,r
~and students of the Nagasaki Medical Collegeq Th:a.a dlspensary’provz.ded a -
scmrce of material for thé Joint Comaission, A questicnnaivre was coxmletéd :
for each patient applying for care, as woll as any mezbers of his ‘E’..mly oz
- rr:l.ends who accompanied them, A minimal physical exemination waes conducted




and laboranory studies were pemormed on & select.ad portion.

The majority of the casualties whose momds were m:.noz had recovered

¢

by the t:.me the Commission arrived, It was necessary, therefore, to go.
through the city seeking out as many of these people as. possible. The ques‘-:
tionnaire was completed cn each, and wherever poss:.ble, mﬂ.naured survim

who hed been in the szne general v:.ci.m.ty were also. int.mogated, and quea- g R
tionnaires were filled out for them, This type of study nas carried ont in
detall for groups of subjects who had been in the same building at the t.tm s

of the bombing, The job of locating these subjacts \'eaa done primarﬂy by the,-' .
Nagasaki medical students pnder the direction of the pb.ysicians of the Tokyo o
Imperial University. In the course of the seven weeks that. the Joint con-
missicn spent in Nagasaki, questionnaires were ccmpletad on e.pproﬁmately
6,600 individuala . - :

The collaborat.ion of the Japanese membars of aJJ. the groups was. india— .
pensable in this task, The ganeral quality. of t.heir work was aatisfactery, '

and a snrvey of 1200 sample questionnaires by one of ‘the American medical of-

ficers (uajcu- Herman Tamuner, M.C.) and a reliable mtarmter rmaled that'

fewer than ten percent of the recorda wore 8o erronecus as to be worthleu,

The Japanese plveicians in charge of the work became quite enthusiastig!, and

the criginsl forme written in Japenese have been retained by them for inde-

pendent enalysis, Throughout this phese of the stuly, close assoolation was

maintained between the American and Japanese norkers. Frequent conferences 5
wore held with respect to the progress of the work, and in many 1nfcrma1 o ‘}
meetings all phases of the study were reviewed and discussed.. V'In: gehetal, "
the medical officers acquired a considerable degree of confidenca in the |
verac:.ty end ability of the Japanese phyglc.n.an_s end ;nedj.cal students who
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acsisted then,

 OBIRVATIONS OF AMFRICAN DOCTORS

| The materials contributed to this study by the American members of the
Joint Commission can be classed in threce groups: Clinical, laboratory amd
analytic, Because of the large scale of the investigatiom, the suall size
of the staff, the paucity of scientific equipmeﬁt a.nd the difficulties in-
herent in a situation vhere the subjects of investigotion speak another lan-
guage and orc the vanquished, no one was able to study any subject so thor-
oughly as he had honed, The necessity of supervising the Japanes¢ worl, and
checking nmany of their observations consumed much time, The difficulty of
obtaining a arecise clinical history from a Japanecse patient through the
mediwm of an intermreter, can only beé appreciated by one who has triéd it.
In cddition to these handicaps, there was no provision in the plan of the
Commission for' adainistrative officers, so that many of the details of pro-
curencnt of sunplies, housckeeping, transportation and conmmication, hed to
be executed by the doctors, in addition to their othcr duties, In spite of
this, they accompld shed the following in Japan:

a. The majority of t‘le paysical ew:minatlons of hosxntal:.zed %tlents.

b, The ma;jority of ophthalnoscopic examninations of. all patients,

¢. Supervision of the enlisted men and the Japanesc utudents and
nurses in the conduct of the :L.boratory.

< Apnro;::.matcly one-fourth oi' all the uh:;te blood cell dlff‘erent:.al “
_counts, - , VS L

e, A‘ll the cmumt:.ons o;. ﬂa.rrmr obtawad by sternal b:.onsy.
£, T 1e 22 post*nortcn e‘ca..um;tz.ons | ‘

B Checklng tae detalls of locatmn, et.c. , on the nagority of the -
questionnaires, - -

0 (4 ) w7
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h. All the msasurements of residual radiactiirity , and the collection of,
pertinent samples, ' :

i. The investig:ztion, through im';erpretérs , of the rocords
of population snd casualties,

After the mgteriale referred to were collectgé in Japan, seme of the me@:neré
of the COmmission'r-eturned to the Unitésd States.  All the clinical records,’
questionnaires s specimend, and data. were sent to the Aray Institute of Patha-
log, and to the Naval Yedical Ressarch Instituto., In these mstz.r.utions a de=

tailed review o:Ef all the material, and an,_BnaJ.-ys s of the dat,e, ww conducted,

‘ fl'he esti_ e'

The nature of the quesiioxmaire, and the particular features peculiar to
its use in Nagasald. is discussed in detail in Section 9, .

' 'lhe Casualty Study,

‘The type of investigation conducted by Capt Marvin B, HABEL, FA, is dis-
cussed in detail in Section 10 H and 10 W,

The Statietical Study

The statistical code used in the transfer of data from the qqestionnair'es

" to the IBM cards was cubstantially the same for each city, A detailed dise
“cussion of this subject will be found in Section 9, of the Report., To simplify

the process of analysis, the location of sublects in N‘égasaki.-, which had been
recorded in a system of rectangular coordinates, was coded in terms oi‘ rolar;
coordinates, - The dimensions of the polar coordinates wers the sams for each;: »

" city so that compariscns could be made easily.

The Laboratory Siudies.

Clinical laboratory facilities were not very adequate, .The military

‘situation was such that the medical supply dopots had little equipment to

spm, To perférm the tests described bealow, it was necessary to obtain
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material in small amounts fro: a nuwber of sources as the Ckinawa Base Come
mand, and the Tokyo Imperiai University, The Comaending Officer of the Qmura
Naval Hospital assigned a fine groun of laborztory rooms (figure 4) to the
Joint Commission, There was running wvater, ovens, balances, some checuiicals
and electrical outlets, but little else, The other field laboratory at the
Shinkozen Medical Aid Hos»ital (figure 5) was destitute of everything but
¢lectricity, The ¥edicel section of the Mavel Technical Mission to Jepan and
the U,S.S, Wichita provided microscopes and additional laboratory apperatus,
With these modest facilities it was not possible to perform meny tynes of
exaninations, In addition' to this, versonnel were few, and the scope of the
investigztion wes such that there was little time for more extensive studies,
The tynes of laboratory ecxaminations which were made in each of the field
laboratories, and the approximate mumbers of such tests are presented in

table 1, The tabvlation includes the work done by Americen and Japancse doc-

tors,
TABLE 1
' Omura Shinkozen

Tyve of Z:xmmination Naval Hospital [Hospital Total
1. Auf.opsy o 16 6 22
2. Routine Blood Counts on |

Patients ' o 1100 . 900 2000
3. Routine Blood Counts on _

"Normzl controls" - , -~ 100 50 150
L. Reticulocyte Counts =~ 160 90 - 250
o Priev:e-Jones"Cui'ves-".. ' - L6050
6. 3Blood Platelot Counts . 60 H 100
7. Determination of Bleeding ond »

Clotting time - 30 20 50

12 (4 W) kg




»

l\y

R

Table le-continued:

_l:ng of ixamination
8, Prothrombin Time (Howell's
Method)

9. Biopsy of Sternel larrow
Urinalysis

10, Urobilinogen Test

11, Albunmin

12, Iiiicroscopic

~ Gastro-intestinal Exanination

13, Histamine Test for scerction
of freec HCL

1., Gastrescopic exaninations
15, Berium meal

16, Estinetion of ‘Thole Blood
chlorides ~ Paticnts

17, - Controls
Talata-Ara Reaction .

13, 349 Patients

10, 62 Controls

Omure - Shinkozen
Naval Hospital  Hospital Total
30 - 30
7L 54 128
230 - 230
230 - 230
40 - 40
45 - 45
20 - 20
11 ' - 1
174, - 174,
11 - 11
508 - 508
62 A - 62

A description of the metw used on each type of determinmation follows:

1., The autopsy i-ras performed as quickly as possibie after death, During

the neriod of the' study the members of the Joint Commission failed to perform

autopsies on only two of the patients vho died, It is interesting to remark

. that verbal permission.was obtained from the family of the deceased in every

case and that ohly éxcéptionally was it gramted with hesitation.' The oxame

ination was complete in every respect, The results have been recorded in
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A

4

<3

31

grotccols which conform to the stml’ards of the U. Sa A.rm;y Hedical Dcpwt—

rent, (Refersnce: "Porm ~0°" Auvtogsy ?muocol" dz.sr;:.?.owmu by Ar':uy st:.t.ube

N Lo wee
A4 "o .

of Pethology, widated,)

ool

2, The majority of the vroutine blo'od' examinations vere nef:?orihéd bn
‘oxalzted blood, Tue values 7or hexro lo'L- a-hematoerit and plaamc. prcneln
‘conteri were obna:x.mﬁ b; uhc Cogper Su_.pnwe :;et.hodo (!xexersncc-

Paillivs, P Ao, and obirersy; Reliebin

o

o S, dvuy Medicel Dept. 2} DD -

B 66~83, ‘Déco, 1943,) The ::LC(,k "o.l_uuo.zs of Cu &€y, were made fro_n Japanese

-

reagents, end a sa.cfzp.x.«s of eac vias sanh ‘to the _].Sth cdlcal Géneral Labora~

tory for vemﬁc tion of the specific ‘gravity, The results of this examina-

tion ware as follows:

' Theorctical - Actuel (pvenomster method)

Ca- 13000 L10k3
b - 1.1C0 o 1.204)
¢ 1,100 | 1.1026
4= 100 1012

e - 1,065 11,0653

Iipproxima.tely 85% of the determinations were made with stocks d and e,

In calculating the plésma. protein concentration frem the‘nomdé'ram,‘. 'a cor-

recticn ‘of plus 0.6k Gn was applisd.® When venous blond was not obtainable,
capillary blood was used, U, S, Navy-grade red counting pipsttes were used,

The. Lemoglobin concentration was depermined either in the Hayden—ﬁausér apf-"

B paré.tu:‘s' cr in the Je.panesé Sahli Hemoglo’oincmeter. Each of these inst'rum.epts

is celibrated so that 1k, 5 Gm of the huro lobin equals 100%, Leukfacytg

¥This corract.ion factor vias esta blished at the 18th Medical (‘xenera.l

Laboze_atory. The reference’ is a Circular Letier, not avellable at this time,
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; cbnnts were donc m thn ubu;l rrmmr. I‘or all cell coun'bs Amerlc.m hen;ocy‘o- :

MBS THRARRS D e

_ ometev‘s were used.. r‘oue oP Lh:w equ.:.pmenb was- certlf:xed by the Bureau of ’

Snandards 3 but it was s:L.L of exceli.ent qua..ity, :

Blood f:n.lms fo—' d.mffcrcr‘tn.&l counts were: Me from i‘reshly drawn (mwer |

'oxale.a.bed) blood el 'ch er, on sl ;des or cover. sllpsol ngght'aatam was gsgd

r our-mely o

3‘.' Fetlculocyues were ;.ounted in blood fllms or sl:.des preuared m.th én

alcohol:!.c soluw.on of: Bull.r.am. Cre y1l B ue, ‘e.no. ata:.ned with Wr uht*s st.a:m.

be: Prz.ce-—Joncs‘ cur'v‘cq wcre esn_mated for erfbhrocv’ces on. c.,over sl:_p

, preparatn.ons. ‘I"ne neasuremmts 'rnd calculatlons were all made by Br.ajor

' estimated by the cap:l.lla.cj tu‘be method

Samuel BERG, MC work.mg ao ».,he Army Insti&ute o:i‘ Pathologr. "‘he sta’cist:.cal
. ureatment of th:w daba was carri. cd out by Kz, E. . Ge:xsler, a member oi‘ the .

staff of the Arrw Irsnlw.te of Famology.

5. Blood ‘::l&'celets m,rc ccunced by T‘o*no's mathod

- B’l eedlng cn.me was est.'..ngted by Dul'e’s meuhod Clott:mg L:Lme va.e

. 7. Prothromb.m b:x.ne Wt.s determned by. Hov-elx.'s method and 'vas rea;L'Ly p '

'.the c] otting ’bi.mo of rccalcz.fleci plaamao

e needle direcily into the manubr:n.um swrn:. 5 after producing local anesthesle..ﬁrA-_ .

| the most. sm.tﬂble was the one is.,ued by "c.he U S Army Alr Force for the .tn-' "

8, Bz.opsy of aterna.l marrow was peri’ormed by :mserting a lorge gauge

yu.th proca.me :Ln 17’ t-mlui‘d.on° A number oi‘ t,y'pcs oi‘ needle were used' but

'i’J igh‘b adnun:l.str ’oion of plc.*ma intraaternally to m,jured crewmen.. .The
'emount ox mat-row that uas aspirated was sma.ll‘, usually less than 0.5 cc. .

,','Cbl.mt., oi‘ nucleated cells were not made reutlnely. The smoars viere s‘cained

Wit}r« n Lghtﬂs or Ma.y Gmmwald s’oa.m, and. counteratained with Giemsa.. The-

. suber of vells, sounted in .‘ol_ze dii‘fmnti«al count varled f;jom 200-500._ The '
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] . .
: 'TBpfer's reagent for the indicator,

.nomenclature of thé marrcw cells-has been diécussed in Sectio:é 7.
o 9 Urob:l.lmopan excretion in the urine. v o 2 G..ZL.;'CO-j. rather crudely.:
The Ehrlich's d:l.azo reactlon was. performed uual:.i.‘-.m vely, - and the color ,. :Lf .
.any, which developed wes comnared wz.th a oer‘i_s of s ﬂ*ﬂples«.,‘ These varied

from the. falntest pink.to deep pink, and viere labhlred arbi oz'c.r'x’hr one. plus

| .to three plus,

10, Albumin excrat:.on in the wine wus determined Dy the sulphosali-
cy‘lic acid method, The Japenesa standc,r that were used were of egg al~
bumin, and were graded one plus ( anpro.«.:!.nac.ely 0,1%), to four plus (approx-
imately 1.5%), Ii‘ albuminuria of any grade was detected, the urine s_edimerif
was examined micfoécopicallyo .

1. The hisyﬁamine test was performsd on fasting subjects, After as;ﬁr-
ation of the residual gastric contants, 0,5 rag‘. of bistamine acid phésphaté

':.J

was injected subtutaneously. The g st'ﬁ.:.c .,\.crer o Were sgain aspirated 30

-and 60 minutes later, The material was titrated with N/10 N, OH, using

~

12, Gastroscopic examinations were porformed by Dr, K. KISHTMOTO of the
Tokyo Imperial University, A uchlncler gastrosiope was ussd, and the pro-

cedurs, and the terminology used to describe the findings were those of Prof.,

| Schindler.

13. Fluorscopic examina‘bions efter ingestion of a ba_::.u:a meal were al'so
perforred by Dr. KISHIMOTO in a conventional msnnesr.
| -1 Vhole blood chlorides were estimated by the micro method of Koranyi
end Rusznyak, (References: Biochem, Ztschr, 110: 603 lih: 23; 1921,)
The normal value for this method in control sutjects xvasﬁ 450 - 500 mg %
| The T&ata-»Ara. reaction wé.s performed in the manner originaliy describjed,

excep’c. that fuchsin was not used, The results were expressed as positive

16 (L N) 5 53
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(more that 2 of 7 dilutions showed preeipitate); or nogative, Used in this

way, the test is very popular with Japanese doctors, end is used in nearly

every clinic., (Reference: TalcataeArva test; Technique was the same s that

cited in Tradwohl, R. B. H., Clinical Laboratory Metnods & Diagnosis®. o

St. Louis, Mosby, 1943, P 239.)
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- Aprendix 1 (4N)
'RESUME OF STUDIES 5Y JAPANTSE DOCTORS IN NAGASAKT
Japanése- Reports Edited by Verne R, lfason, Col,, !

The reference mumbers for ench naper are in ;oarentheses , and coincide
with reforences in the toxt of the Report. |

The reports to be discussed in this section were all prepa;t‘ed by Japanese
doctors vho had either. participated in the care of the casvalties caused by
the bombing of Nagasakiy or had been members of medical research teams that
conductéd special investigations, These studies providé the only information
that is available on the nedical condition of patients between the time of
the bombing and the arrival of the American md:.cal officers, The special
studies conducted by the Japanese :nembers of the Joint Commission were com-
plemeﬁta.ry to the broader study of the American members, The mnaterial con-
tained in these papers has been used freely in the nreparation of the Report
and it is right that the authors should receive proper acknowledgement for
their work, ‘

The scetion is divided into two parts: (A) Reports of work done inde-
pendently by the Japane§e. Most of these studies were nade betwecen 28
Avgust, vhen the first groups from the Kyushu Imderial University arrived in
the city, and 30 Septenber vhen the Joint Comiission appeared, (B) Reports
of work done ’)y Jwaane.,e under tae dlrectz.on of, or in associhtion with, tioe
Anerican :Jembers of the Joint Commlsc*:.on. ‘ |

The rcnorts have 'bccn clasnli‘ied J.nto four oategories on the basis of
t"zelr contents: General Cl:.m.c .1, oeclal C'L:Lm.cal, Physical, Iﬁ.sccllaneou.,.
Since many of tnc it deal with circmnstances in the first 4 to 6 ueeks after the

bombing, t ey are valuable sources of information. Th_e fact that the studies -

wvere made at that time r:al:eslit difficult to review tae woi;k eritically,

18 (4 N) ’ 55
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weCsure Lmeviean dectors were neob present during most of this vericé, I
. . :

aas fudn peasible, ﬁmxcvfaj Yo verify some of the cbservations, The USS

' 'wus in uéoasakl'ﬂarnor quring Sepvember 1945,

personnel, - Her War Diery Lhc Conbat ﬁﬂulys¢s

section fiie l9h22, &= 2 /15 ) ccntnxvci netes cn the cendition of the

reporits, In bthe poriicn of this secticn, deveted to reviewing the studieé;
the éon lusions that ave preosented sre mainly thosc that differ materially
frem the ones submiﬁted in the éain bedy of the Report. The basis of such
criticism as is o_fered hag been ¥roéd, It depends to a largs degree on

the ravier ev‘s Def$0”d~ kro ledge of the intellectual qualitics and the
capebilities of the Japanese docbors concerned; and to an~equal‘exten§ on
the reaconsblness of the work as judged from internal evidence. The.répo;ts
cited are,filéd in the Army Inéiitute oi'Pgtpologvn wnder the general acces~
sion number: 158930, |

(A) Reports of work dens independently DJ Jepensse deciOrs:

GENERAL CLINICAL STUDIES

5
'

(1) vThs elinical investigetion of the atomic bomd disasseh , by the’
members of the III Medical Clinic (Prof, 7. SAWADA, Chiof) Kyushu Impez-iai
University, o | | | | )
This is a well written'stﬁdy of approximately 500 cases séep id
Nagasaki and at the clinié in Fuluoks, Most patients were observed during>
the period 31 August to 31 Octcber, and the major investigétiva affort waé
devoted to those with ths severe type of raﬁiationiinjury, vhose symptoms
developed between the ist and Lth week sfter the borbing. On en empizicai
‘basis the following prognostic gnides were offered.

a) The more severs the Umain symptoms" (i.e. feve r, ‘epilation;
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gingivopharyngitis, )urnm'a and leulopenia) the worse the prognosis,

a) In the absence of fever and gingivopharyngitis the progno-
sis is zood vhether epilation occurs or not,

c) T‘he progaosis .is poor in natients whose sternal marrov is
of the "reticular" veriety,

The only definite abnormalities of bodil;v function that this group
could ascertain vere the disturbance of hematopoiesis zenerally, and some ine
dofinite hepatic dysfunction, In the group of 40 vatients uith "severe’ ra-
diation injury thet were treated in the clinic, the mortality was 105, ‘hole
blood and erude liver extroct were recommonded as the most effoctive thera~
peutic agents, »

» (2) "Researches -on patients inju_red by the atomic bomb", by members of
the IT Medical Clinic, (Prof, G. KUSUHOKI, Chief) Kyushu Imperial University.

This report is based on a study of 155 patients (IIAZ from Nagasaki)
in a majority of whom the only injury was due to gamma radiétion. The nrc-
sentotion of the data is so devious that it is difficult to deternine the
outcome of thé indlv:.dual patient, Of the grou-@ of 10 hosnitalized cases who
presented hematologic evidence of severe radiation injury, 3 died, American
doctors gave this group some pemicillinand 2 febﬁie patients were treated
with good results apparently, There ai'e no protocols for these natients and
no notation of the size of the dose, or duration of administration,

(3) "Cliniczl observations of atomic bomb disease" by wembers of the
I ilkdical Clinic (Prof, T. iISAQ, Chief) Kyushu Imperial University.

Th'eA szaj‘or porfibn:..:‘jof this report .is a carei‘uland cémplete‘ study of

23 ;mtieﬁts : tre‘teg in tue hospital. ) I"-Iinqt,ceznai of.'t;iese v.-,rei'e: seriously i1l,

and of this mmber 4 died, From their study of these patients and 115 other
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less severely affected ones, the authors drew séveral interesting conclue-
sions, One was that persons who remained in the region of the center of tho
bomb explosion develoned a more serious type of radiation iajury than was ob-
served in others who left the scene at once, They were unable to decide
vhether this effect, the data for which were not given, was due to "the
after-inflvence of radioactive substances scattered on the ground", or to
the noor hygicenic conditions, and overworl: resulting from particination in
rescue actiw}ities. Another cbnclusaion of sone interest was that the "ime
mediate rezctions of fatipue, anorexia, diarrhea, nausea and vomiting" were
due to overwork and livingunder the unhygienic conditions resultihg from the
bombing, Still another conclusion which was offered was that the thrombocyte
openia alone, was not a sufficient explanation for the hemorrhagic terﬁcncy
wixich appeared in the patients with cvidence of severe radiation injury. The
writers believed that théir studies indicatéd that in -addition to tho de-
ficiency of blood platelets, direct injury to the capillaries, changes in the.
chemical constitution of the blood, and capillary embolism associated with
in active processes must be considered as inmortant etiologic factors in the
developrent of mn'pufa. Extracts from this Paper have. been used in several
sections of the Report,

(%) "The effect of tqe e.'plos:l.on of t.he ato uc boub on the human body"

‘by SURGEON LIEUTT‘NALIT IASAO SHIOTSUKI szra Haval Hospltal

"hls paper is one of the feu 1uctual renorts tnat could ‘be obtained

describlng condlt:.ons in Ilaaasaki dJ.rectly after the bomblng. Detalled clin-

ieal records of sevoral uat:.cnts who died in tae early stg.ge of the syndrone

of rudmtlon :m,]Lry arc orescnted T’llw fsbudy hos been ref‘crred to in See-
tion BN..and..S ¥, of tha Renort One of the most uscful items of inf\u nation

in_ this sssay is the record of the prognosis for osatients with severe
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| radiation injury up to 10 September 1945, Of the 25 patients in whom the
syndrome had been recognizod, 100% had died. Tais is a misleading estimate
for it is novw known thot at this seme tdme there were patients in the Omura
Naval Hospital vho ultiﬁately recovered,

(5) "Report on conditions - 4 September 1945" 'x- LT, COL, YOSHITAXA
SASAXT, SURGTON, 216 Temporary Field iospital (Army).

This rcport was submitted o the Governor of the Magasaki Prefecture,

It leaves much to »e desired for the writer deals in generclities vhen he
should have been able to oresent facts, The 216 Temporary Field Hosnital be-
gan to funétion 16 Augvst 1945, and had provided care: foz: approximatcly 400
imatients by 2 Septenber, Up to that time it is stated that 1007 of the
natients died who devoloped any of the following: a) severc dysentery-like
diarrhea immediately after the bombing; b) contimued fevor, in excess of
- 40% (104°F); and ¢) hemorthagic monifestations of any sort,
SPECIAL CLINICAL STUDIES

| (6) "Atomic bomb disease in childhood" by members of the Pediatrie
Clinic (IROF, M, ENJ-OHJI, ’Chief) Kyushu ﬁnperial University,
This report is a vory brief swmary of clinical studies verforaed on

20 children, 8 of-t.rhom vere pa.tients in the University Clinic and of which
nuwiber 3 died, The authors cénclud.éd that cﬁildren \’.vere‘ nore susceptible
to game radiation than ‘aduhlts,v 'I'E}ey Vc’aiﬁh'ér dieclf__prbmptly’ ‘or recovered
quickly; and the cou:-se of the syndroro of rediation injury in them wes short
and had e fé.vorable mgnosilg; Uﬁoﬂ@tély, ‘there are mo data in the paper
to support ‘these' " statements, ‘ '

(7) n Injuries of the cyé due»‘ to the atoric bomb", by ~embers of the Eye

Clinie, (TROF, S, TAXURA, Chief), Kyushu Imperial University; and
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(8) "Anemic retinitis caused by the atomic bomb", iden,

Q _ These two renorts are valuable because the writers apparently were
among the earliest members 5f the lledica) Faculty of the University to srrive
in Nagasaki, The types of oculsr troumn observed are discussed in four cat-

- egoriocs:

a) Burus of the lids were mild and tended o heal vithout do-
forzity, Burns of the corneca and bulbar conjunctivae were infreouent and
imild, and healed ‘writhin a month leavinz only slight scars, Superficial
Kerato-conjunctivitis due to ultroviolet rediation was observed but healed
quickly, |

b) Concussion, or air blast cavsed feuw injuries, although eases
of iridodialysis, luxation of the lems, detachient of the retina and henorrhag-
es in the retine and wvitreous were obsgrfed.

‘ c) _"l:r_g_@_'a due to foreign bodics wes neither verfy comion noy
G unicuc, The m.st frequent azent.to causc injury was a solinter of window
glass, /

d) Hemorrhagic retinitis was not obsorved hefore the 15th day
after the bombing, The lesions were frequently scen in natients with the
syndrone of rediation linjury‘. Those hemorrhagss cnd inTiltrations were identi-
eel with those seen iﬁ péfnicibus anenia, aplastic anenia, and ‘thrombocytopenia

-
puroura,

N

_ () "Lesions o’f‘_"t’hé pharynz and laryrm woduced by thc ef xccts of. tk
atovnic hozb", by I‘-.‘ ‘..QAI I, T, ’EJOUE and S TR IIA, of the. J.nstltutc of Otol-
o:;y, Rhinolof‘y and Lq-yngology, lxyusau Inperla, Unlvcr JltJ. '

‘Tni,, paper ,Acontglns ggod dgsqr;}j)_tlons of'fbhe les.,:aons tha"c* anpeared in thé
outh, throot and larynx of pﬁtiéﬁts ith 1emmpehi@.. oo 1llustrative case

G histories are includeq, Thesc deseribe paticnts in vhom tra wcheotony was
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necessary because of severe laryngeal edema in one patient and necrotic
uleeration of tie larym: in the other, (Sce Scetion 5N),

(10) ‘"Dermatological conditi;ns mrocueed by the explosion of the atomie
bonb", by memiers of Dermctological Department (ERdF..HIHAMI, Chiof) Kyushu
Imnerial University, -

This paper is a brief survey of the nature of the burns, and of
the alopecia of the victims, The fallacious conclusion is presented that
pationts with bﬁrns and radiation sickness had a better nrognosis than those
without urns, The sxplanation of this rather cormon misapprehonsion is
'simple: The obscrvaﬁions were made 3-4 wcocks after the bombing at o time
when the patients with severc “uwrns and severe radiation sickness hed al-
roady died and the surviving burned paticnts had a milder type of radiation
sickness, On thc other hand this wvas a period of high mortality for pa-
tients whose sole injury was due to #rradiation, The comperison of these
two grouns was not justifiable,

(11) "The liver function test! (Santonin Exeretion) by S, OHKURA,
Hapasakl Hedical College,

Japancse physicians nlace "mch confidence in the Santonin excre-
tion test of liver fﬁnction. The fact that this test depends on the urinery
exerction of a~santonihzéompound'eiabcratcd An the liver intrcduces several
variablcs, The most obvious is anemis; bit no cffart is made +to correet for
this, or forn any,othgr factor, Forty-nine pati;;ts'with definité radiation
sickness wereﬁtested,:anﬁfabnormal results vere obtained in 22, 0r 21 con-
trol subjects, only one éévc an abnormal result, ThisvpaperAis'dited, for
it is typical of a nuﬁ?ef~of such reports vhich purport to prove the ex=
istonce of hepafic ﬁaienchymal damage as a scquel of ganme Padistion from

the atoaic bomb,
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(12) "Bacteriological researches on tic serum of natients vho werce
injurzé by the atonie 'Eomb in Negesali, by menbors of the iierobiological
Institute, (ROF, R, KIiRA, Director) Fzculty of Medieine, Kyoto Imperial
University,

The immunologic propertics of the sera of 12 natients injured in Nega-
saki werc studled, Three of the patients hed epilation and 2ll werc said to
have had radiation sickness, The bacteriological power of the sere, tested
against staphylococeci, dysentery cnd typhoid bacilli was less than for nor-
mal controls, The titre of the complement in each serum was subnormal, On
one subjec'i'., scrial determinations showed increasing values, The opsonophag-
:cy'bic indc::, however, was increased when staphylococei and S, typhosa were
the test organisnms; and was nornal with P, pyocyancus, The technies uscd were
conventiona;]. s and the results appear to be vélid. |

(13) "The bacteriological and seriological researches for diarrhea of
atomic bomb diseases," by faembcrs of the Pediatric Clinic (PROF, i, ENJOHJI, |
Chief) Kyushu Imperial University.

Seventeen paticents ‘uho ha.d had dysentery at any tine after the explosion
of the atomic bomb were studied, Shigella dysenteriae (type Shiga) was cultur-
cd from the stool of one caSe Agglntmat:.ons against Shiga bacilli were

‘blVO in tltres in. e....ces.; of 1 1>O in 7 cases ; and against "metadyscntcry"
bacilli in one case In v:.eu of me, quality of . th:. L..oora.tory vork, parbicu-
larly culture .;tudles . th:.g J.rc:Ldencc of dysentvry may ‘oc cons:Ldered as nininal,
A ma,)or proole.m in the interpretatlon of tne .,Jmpto-ns of Vlctl?.lu of the atomztc
bomb 108 ‘Teen tne dmrrhea Ono smpects taa.t Luch oi‘ it was infcctlve, but
there are no- rellaole rcbortu mth any beamng on the ouestion. . |

(M) " Cormernmg the che-.'sucdl-ccnstltuent of the blood 017 pa‘ticvts in-

Jured by the otomic bomb," bj/ R, TIROIATA, T, CDA end I, USUI, Institute of
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ig the sur,-,;;ectg vho were °de1.¢..uc-:.s, but whose

. etlf.m} werz nob depresesed to the '-cdema

i -«-atﬂ'. cn of the decrease of vis an_m c m
patients suf!’swm» ﬂ'_.. Zborio bomb' in I\a* asald, by M. UJI TA, wushu Imper-
igl U:‘;i\'fsrsz:pyo o o - ‘ '

This writer suu:n_. ed’ th:a deg,r»c cf vitamin C saturati on by meas-

':.-sri:tag the Nfading Wima® e.,v*r an m~r=cutaneous inject.ion of a 2.k dichlor—-
;';her:.:.:f?..ixzc;do;gmenol r;o.x.u.‘u:r.cn.,, In ge=:nera1 it was prolonged in hospitel pe-
.J.entsu Improvement in the resction was observed after treatment with

c,ryf‘\...llwne 1~ apco "blc acidy pr_ai‘t.er the ingestion of an exiract of pere

ss.mmo legves con‘b-zlning vitemin C° The techn.Lc is not a very reliable one,
Tt Lhe :sfder of changa d.i'ter med;canmn c.Up("z""E Lo ve significant.

4
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(16) "The patholegic ond 2 atcfxié cr'é_nﬂeo in atomic bomb d:v_seasc" by
‘members of the Patimélio;r,‘ica,. Ins jtuv* (Prof. 'r{.z TO ume.c) KyLshu Imper:.al “
Universii‘yo ‘ |
| This paper is a s;vmm&rﬁ,r o;';‘ t-"xzezv ex?erigz}ce of ﬁhe g;c‘oug v;:ijth autop~
sy material., The gensral conclusions anc obserﬁa'bions offered were in éiose
agreement with those of other Japanese wérkerso _Sigh_if_ican‘t. differences were
noted in three respecns- H | B
a) Attributing some of the ti ssue reactions, pnrtlcu.arly the
inﬁ_.ltration -of plasma cells and eosinophils to an allergy of an unspecified
na.txrcg, | _ - N
b) Ascribing changes in the thyroid, ‘pancre.a.s ’;.md gastric glands
to ganma radiation, ‘ | |

c) h.:.nlmlz.mg the e,{t.em and s:.gui’lcgnce of changes in the test—-

es. . |

Specimens of tissue from most of the éases deécribed weré gi;ren to the
Joint Conmiséion, and full details of their interpretation appeai' in the pro-
tocols filed in the Arny Instltut.e of Pathologyc (é-eneml Accéssion Number:
158930 ) Unfortunately » precise clinical detalls, and imormat:.op on the lo-
cation of the subjects at the time o:E' the bomblng are generally lacklngo A |

PHYSICAL STURIES'

(17) "Japanese survey of atomic bombing of H:Lroshima and Nagasakl,"
dated 10 November 1945, with corrections of 1 Deeember l9h5 , reproduced by
Hq USSES, APO 23k. S o
| This report is a summary of physicél gﬁéérvations and estimates €
prepared bj Japanese nuclear physiciét’s after_infest;igations wére cénductéd |
in each city. Prof. Y. NISHINA was in charge of the surve'yo‘ Certain 61‘ the

data used in the Report are taken rrom this paper,
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(18) "Radio activity of ther ground of Nagasaki City and its neighber—

_hood," by members of the Department of Physics (Prof. K. SHINGHARA, Director,)

Kyushu Imperial University.

This is a careful study of residual :.nduced and deposited radio-

act.ivity, measured m.th a Lauritsen electroscope. Human bones and samples of,

earth were collected for analysis at a nu.aher of sites near the center, Ofiher

measurements wers made in the region of the Nishiyama reaervoir where radic-

- activity had been disc,overec} by the party of American pkxys:;ciats from the ,,
_ Manhattan District, Corps of Engineers, The ré.dibactivj.tj'hear ‘the center is
~attributed to the action of slow neutrons on elements of 'the' soil. That at _
| Nishiygﬁa is attributed to fission products deposited there by a rainfall

shortly a.fter the bomb e:mloded, )
- (19) "Investigatn.on of :mjurious effect on the human body of the w:plo-

‘sion of the atomic bomb at Na.gaaak:. City," by members Qf the Department of

Radiclogy (Prof' Y. MAKASHIMA, Director) Kyushu Imperial University.
" Tnis study deals ma:mly with the ability of concrete and other

| heavy ty'pes of construct.ion, to provide protection from gamma radiation. The

amount of concrete which is stated to be sufficient to prevent fatal radiation

at an unspecified distance from the bomb is 15-20 cm. The maximum distance

at which gamma rays werse intense encugh to cause death is given as 1000-;1500

meters. The report includes the results of studies of individuals who entered

the central area immediat.ely after the bombing, but. who were outaide the city

at the time of the explosion. No change in leukocytes, or other evidence of .

radigcion sickness ‘was found in these subjects, The authors believe that in-
duced radioactivity due fo neutrens was neﬁer great enough to be injurious >
The results of blood counts performed on the residents of Nishiyema District

{see sbove) are presented, - These subjects had léukocytosis of significant ,
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degree ata period §f 50-00 days after the explosion, This is attributed

to the effeet of radioactive fission products deposited near their homes by
rainfall, shortly after the cxmlosion,

| (20) "Survey of the cffeéts_of rodioactivity of the stomic bomb which
was uscd at llagasaki upon the inhabitants in the district of Chijiwva Towm",
by DR, S, KATSUKI and other members of the Faculty of ikdicine, Kyushu Ime
werial Univc:sity.

Chijiwa Towm is 32 Ym, cast of Nagasaki, and the cloud containing
rediocetive fission nmroduets pessed over it, and enough of these substances
fell to the carth that their prasence could beo detected easily by a Geiger
counter The course of the cloud and tho urban regions with detectable radio-
activity wers discovered by monitors from the lianhattan District, Corps of
Ingineers, during their survey in September,1945, Clinical studies werc
nade of 214 residents of the town, as well as 56 natives who had becn in
Hogesaki City on 9 August,  The rcsidents cnmplgincd of diarrhea, fover, ote,,
but there was no leukonenia, or cpilation, or suroura, and & careful search
revecled no cases of radiation 51cknesu. ‘

(21) "survey of the raaioactiV1ty influence caused by the atomie boub
whieh vas used at Nagasaki, upon bhe 1nhabitantu of the City of Shimabarz,!
by S, OSAJLA and B, X0, Navasaki Ichlcal College.

The rLleucthe clcud &130 passcd ovar Shlmabara Clty and measure- |
ment; of tie ionlzlnv raulatlon on the vrouna YOre 11gher than normal, There
wéru no patments with radwat;on 31chness nor - any doubtful cases in thlu toum,
Blood cxamination of l)_persons vao were in Snmﬂbara 9,August rcvealccAnormal
values, ’ o o | ‘

MISCEL LANEOUS

(22) "Report of a case of monocytic leukemia occurring following the
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atomic bomb disease,® by Drs, T, MISAO, ¥, TARADA and J, TATIGRI,
This case is A,:Lil, -158930-22/,, Sce protocol for details, (8)

(3) Uork done by Japanese members of the Joint Commission,

GEHERAL CLIFICAL STUDIES

(23) "Contributions to the nroblenm of the cause of death of the atomic
“bomb vietins," by T, TASHEIADO, Tokyo Iuperial University.

This is the report of a study of the clinicel records of the Omura
Neval IHospital to determine the apporent cause of death arong the patients
treated there, Of the 164 deatﬁs that oeccurred »between 9 August and 17 Scp-
tenber, 89 verc matients vhose only injury was burns; 39 had only vounds; and
| 36 hod some eombination of injuries duc to ?5vrns,. wounds end radiation, The
riter experienced great difficulty in estcoblishing a relationshin betucen
radiation injury and death in paticents with other types oi‘.injuxy. It is
pbssible that morc cxtensive laboratory studies could have permittcd tho moke
ing of cleafc:c distinctions of the couse of death, but the case load was so
creat thot this wos not done, | .

(24) "Concerning thc cachetic conditions of patients injured by the
'vatomic bomb in Magasaki," by M, URABI, and M, i4Ii1J0, Surgical Clinic, Tokyo
I;nmrml Umver31ty. ' |

This is a caroi‘ul study of 15 xoatlcn’cu wvho displayed a pecul:.ar
type of cachcitia v.:ich wa.., d::.stmct:.vcd enough to gustu"y considering it as a
ciinieal cntlty. The - uy*)lcal auagect was o:. mdqle age and -xad becn out of
‘ doors or 1ns.|.dc a. roodcn buildm{, at a dlstance of l to 2 lcrn. fron the center
of the explosion, Twclve o" 15 m rece.x.ved fLsh burns of nocorate extent
and severity, but healing occurred satisfactorily, Six of 15 had epilated
and 211 the subjects had develoned oronharynzeal inflsﬁuations, or mwpura,

or both, Thirteen of 15 had develoned diarrhca, which was severc, oitten
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bleody, and quite resistant to therapy, ‘Progressivo anemia wag ohserved i

every case end the values for the hemoglobin content and the red cell count

-were less than half of normal. Leukopenia had been observed in some of the

patients; but at the .time' of the stuay, (60«-90 days after the bembing) 211
had normal white blood cell count.s,, Exéhination of sternel marrow obtained
by puncf.ure bi'.opsy'was rcor"l :d in eve Ty ca see ’Ihe maryow contained :E'ew'ef
erytm oid elements and fewer eosz.nopn.v.ls than were se n:;.n patients aosumed
‘to heve rece:.ved equ;o.valem; dose_s of 'ga.“ma ra *-.e.tf.om Hypop:»?o"\;eineﬂd.a vias
observed in all the cases; the avera g8 va.ua for plc.sr* prouvein concentration
(Cu s0y Method)lwas 5.k Go per 100 cc, @1; the range of valves was 3.9 to
6.4G. -Fourteen of the 15 had edema of éb;né degrae; in half of them it was
generalized a ‘,.nd associated \a‘lud ascites}, Loss of weight, dry skin, low body
tenpcraturc and low D.Loocl pressv:c were the other features o the syndrone.
Seven of the subjects diecl and ware au"ocuf: ied (Aes{,; » Numbers "58930--’1814., 190,
192, 193, 194, 195, 196). Th .‘clpa' iente showed 1ittl "uenduncy 16 rocovery,

Y

even when proxr.r.dud withy su fs.i sien

ot
1%

“ond, vitamin supplements and g paopr iave
drugs, The wr:nze:g:: gonclude that the syndrome is a "traximat:'..c cecnexial and
seem to feel that loss of probein, diminished resistance to :’.ni'ectic-n, and
an unspegified- type of damaze Lo cih » structures by the gamus 'r"dLawon wuere
the impbrtant etiologic faciors, atients with this syndrome of cachexin
a.ttra.cted consideravle attention {rom all obserirera, but the-; percentage of
the surviving hospitalized victims who had this condition wes qﬁi‘ae small P
less than 10% of the total,
| SPECTAL CLINICAL STUDIES

{25) "The behavior of the ecsinopiiilic ¢slis in blood and bone marrow
of the patients injured by the atomic bowd ab Negasaki in the third and fourth

month after the explosion,® b,r I UiDa oad 8, KIEAIDO, Faculty of Medlcine,
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Ebsina?hﬁls in the blood and in the matepial obtained by sternal
punctures was Irecu 3i?y fmuhh. There aprearad to be & definite relationship
betwesn the process Jf recovery from the syndreme of radiation injury and the
‘f'eusidophiliaa The nighest values for the percent of these cells in

the tlood and moryow were observed during October, that is, in the period 7

to 12 wagks after the bonking. A condensation of a tabulation of the results

MAhIMUMTWTnTAWCE‘ EOSINOPHILIA MAXIMUM VAILUE

‘n:: .

kdO S

VETERS I _BIOOD - I¥ BLOOD FIIMS

CVER._10%

. Pesient with elinical 50 0-2500 ' 75% - 3%

avidence of ra.

0-L000 L WOk 54%

Q. i
iad 5
¢nJMry, _ild tyre xibh»
culb epilaticn,.
L Undnjured subjects . ,
“Controls! 20 ACGS-47700 LO% 22%
D. Cenircks 15 ATCO-plus - 205 14%

e

In CGroup A, 8 of tae 53 patients had less then 108 eos-nophlls in the
“”““?ﬂs?ﬂl bYlood, Five of these B patients fi :d; and thay were the only
doaths in bids =ntire group. “ae parcenbage i cosinophilic cells in thelpr

nayyot

This may be compared
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with the average for all subjects biopsicd vin October: 5,5%, énd for nor-
mal Japenese: 4,3%, It is iniercs’cing too, to note that the :yeloid-erythroid
ratio in the marrow of the fotal cases vas high: 5;1 to 21:1; as compared
vits the average for this same period vhich was 2,5 : 1, Tho authors believed
that persistently low velues for eosinophils in blood and bone marrow was an
ominous prognostic sign, The same was also true for high velues for the ny-
eloid: erythroid ratio in the differoatial count of sternal marrow cells,

(26) "Report of reticulocytos" by K, KAIDA et al, III Medieal Clinic

Kyushu Imperdial University,

-

his is o renort of 161 reticulocyte counts performed on the blood
of petients in Omuwa Naval Hospital, The most striking feature of tho study
was the low percenteges found, In patients whose red cell count was less
than 2,000,000 per cubic nillineter, the usuzl value was about 4,08 v.-rhicﬁa vas
the higl;est for any level of rod eell count, “hoa the results were tabulated
on tae basis of thc maturc of their injuries, the group who had both . hemor-
rhagic manifestations and burns had the largest number of reticulocytes: av-
crage valize 4.9, In g;eneral a tendency was observed for the reticulocyte
court 40 vepy in the sare dircction as the leukoeyte count, Thais worls vas
carefully don and il lustn ved ciu::.te uell the meagre degree of erythropoiesis
that oceurred opontamouuly. “xcept for onc mticnt, no rctlculocyte count
higher than 5/0 was ~found Irv o’c.‘aer hos-n.tals wherc poten'h 11ver extract was
used in thorapy, values as h:u*h as lS,a vrere oneerved in com oe.rab"c put:n.ents.
. (27) "Rc*)ort on basal 'nc'bc_bol:x.srn," b" X, MB)z’L ot. al,, III nedlcd Cline
ie, Kyushu Imoer:.ul Un::.ver.,:r.ty.

Thig renort i.,- of no c:.cntiuc mnortancc ’ - ::.ace t‘m ogtmtes of hasal

metavolism werc made on the bwz.s of‘ thc rolht;on..,hz.n between milse rete and

- pulsc pressure, It is mentioned herc only because the method appearcd to be
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cormon practlce 1n Javgn, ‘h;t“er Re ud ﬂ'er Gelets Eornula Ndﬁ used. The dpm

gree of confidence of daoanese ph ;elcions in this meuncu was (uLte emezinge

(28) "The 1nfluence oﬁﬁtne atomic bomb explosmon on the ear, nose and

throat" by Y. KASHIWADO, Ouor“lnolarynrclogy C linic, Toxyo Inperiel. Univer-

-‘ SitﬂYO

‘This is a,seriés of four repbrts'desdribing»the results of careful
examinations of the ear, nose and throat of o8 paﬁients, The types of lesion
cbserved were classified as follows:. |

| - a) Deformity of the'auriclefcausgd principally by flash burns
and perichondritis., | | o ' |
- .. b) Rupture of the'ear'drums-céused by air blast,

c) At:ophlc rﬁlnltis - in most ins stances this involved the

'anterlor portlon of the noaea In some cases this lesion was assoclated with

flash hurns of. the face.

d) Tinﬁitus - soid to have been present since the bomb e#r
ploded, In the majority of these.patieits there was nd.hearinginSS.

o) Degﬁnéss - said to have been present since the bomb explods
ed, In mont‘patients this was apparently due to stricture of the eustach~
ian tube, ‘ | N

The exact locabion 6f all patients, and in particulhr those with ruptufed

ear drums was investigated with the following result; (See table 2.)
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TLBEE 2 )
TYPE_OF ™ TIENT - o LOCATION IN REIATION TO BCMB

0=500 moters 500-10C0 meters Farther than 1000 peters

Ruptured eer drum,

due to bomb, 1 _ b C 0
’ ) o
Ruptured ear drum, 4
probably due to o o L
. honb ° 3 ) 6 ’ 0
.

Total cases bl 125 . 29

Totel percent with ~ .
ruptured ear drums % ' &% -0

" The writer consulted Japanese enginsers who supplied the following data

SRS B vy A O ‘L
£6r thie blast pressure at Nagasski. (sec Lable 3)

DISTANCE - MELZRS o HYDECSTATIC FRESSURE
' @i / CM<

100 o 2000
500 | o 1000
1000 ' 2 130 -

-
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Evperinmental work ié cited vhich illustrated the effect of hy-
drostatiec nressure on tic ear drums of cadavers:
a) 1 atmosphere of over-pressure (1000 (}I‘vi/cm2 caused the rup-
turc of 10,8% of 180 car drums,
b) 380 Gif/er vas thc lowost prossure vhich ruptured an ocar drum,
The author concluded that the ruptured car drwas that he studied were due to
the exploding atowie bomb,
(29) "CGastrointestinal tract of the atomic bowbed paticnts," by K.
KISELOTO, Faculty of Medieine, Tokyo Imperial University,

Careful studies were made of the gastric sceretions of 45 patients

with the syndrome of radiation injury, Anseidity, ewen aftor histamine, was

found in 6, but since these were older paticnts, no significance was attribute
ed to it, TFluoroscopy of the stomach and munll intestines ues practiced on 11
vatients, No abmnmlities‘ wvere seen, Gastroscony was performicd on 20 na=
tients, and the anpearance of the mucosa was renorted to be within the limits
of normal, The patiénts who were stidied were in the group moét severely af-
feeted by the garme radiation vwho weré sti1l alive in October 1945. (8-12 weeks
after cxnosure) and vho were able to tolorate the studics, The failure to
Tind significant lesions :mtwc stomachs of these matients is an important
observation, her léss;_- crmtlc:l Jamnese h,s.ve described a variety of "spec-
ific‘ 1esioné,"’ | |

(30) "Investigation "bfy'j_"cl‘;angkes‘.3':-'Lii1_}_:-ne1_1§t1_'ua:t3‘.6n L?,!éuéec‘a by injury from the
~tomic borbing at Negasaki," by K. .-igaicié, ‘ot al,, IIT Medicel Clinic, Kyushu
Imperial University, IR

This stﬁéy uo.s ma.de be'l';&-}eeh'i' ﬁoxr‘ember and 20 E\Iovemibor 1945,

Questionneires werc ansvered satisfactorily by A7 females, meinly school

girls between the ages of 15 and 20, Al except 61, who were hospital
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‘pabierits, were healthy at the twc of ihe study. ’l;‘\e entire g;rout; %fsere:"';iifhw

ih the city limits cn 9 Auguét 1945, The most rarked effect on venstma.\.

function was' seen in the women who had the syndz oie of .L‘c..d.l.._'L'O"l J.n.jufy,

with epilation and/or purpura. (See table 4). Of the entire group, uno_v_

326 who were outdoors , or inside of Japznese type wooden buildings wers

found to have been affccted ."bhe‘ most consistenily. The details of this are

pregented in condensed form iﬁ Table L. |
(31) "Report of m:.sca:‘msges and. px-cmaturo savtario.l.on"” by K. Kaida, et

ale, ‘l"aclﬂ.ty of Medlclne? Kyushu Imperiol University.

The effects of the atomic boxb- on pregnancy vas shtudied with the

help ot‘ approximately oneu-‘ohird of the lccal obs uetriciams and midwives, These

epeclaliats had attended 182 women in the per:r.od 9 Auguui. to 8 November 1945,

Of these pregnancles, 50, or 27,5% terminated abnormally. According to thelyr -

alinical records, during the period 9 hAugust 194L to B August 1945, $9, or
6.1% of the pregnant women they attended had miscarriages or delivered pre-
maturely. - of the 50 abnormal‘ casas, stucliéd by Kaida, five were attributed
to factors not related to the atomic borb.,

The findingé for the g,roup are c’ondensed in Table 5,

Tmsm
(Women who were outdoors or :Lns;.de wooden buildings,)

| DISTANCE TOTAL HUMBER OF ¢ WITH CHANGE IN ¢ WITH AMENCRRIEA FOB, |

FROM BOMB FEMALIS M.II\I&'IRUATlON MORE THAN 1 MONTH
- 0.9 1 100 82
1.0- 1,9 - €0 : a8 75
- 2,0- 2.9 50 66 62
300" 309 ’ 83 : l“9 32
4,0~ plus 102 26 18

#Petients with ra~ o
diation sickness 40 100 4 9
(The location of thesc varied.)

ny
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TAPLE &
e R 14

DISUANCE FROH BOMB HORMAL UELIVERY  MISCARRIAGE  FPARTURITION

0 - 0.9 kn. 0 s 0

1,0 = 1,9 " ' 0 & 6

20-29" 5 Y 1

3.0 = 3,90 32 3 0

4aC = plus ,. . 95 - o _ -

Tobals - 132 33 12 Total-177

| Cases presumably not due
to the bonb.. 5 2

There wiere 1nsuf.‘f:.c:|.em data to arovi 1‘ siificant mformat:s.on on the :

amount of pz otection a.gainst miscarriage thst heavy build:l.ng construction

mgnt offer, Thirteen of the womsn were in cencrcte or brick buildings, or in

- shelters, and of the'se,ﬁ mis'cérried, The d~ stance from the bomb in two cases

was less than 1000 meters., | Ten of the 45 mothers died after parturition, and
all but 2 of these died'within one weck, Of vthe 12 premature infents that
wery delivefed, L were still born and 3 died subsequently.
(32) "Chlor:me content of the blood of the atomic bemb patimte in Omura
Favel Hospital," by S. HINO, Fac}xlty of Medicine, Tokyo Imparial University.,
VWhole blood .chlorides were estimated in 190 patients, using a micro-
method (Korany FRuszuyak the norial values for which are 450-500 mg. per 100

cC. l'ziwen of the pat J.enbs were found %o have whole blood chloride values

less ’oha._n 150 mg, %3 one was as low as 380 ng.%, These subjects with low val-

ves were studied for clinical evidence of adrenazl insufficiency with negative

#Note: Tne patients are mcluded in the first group of :{‘J.gures if they "m ’
cuodoors, or :m wooden buildings. '

38 (4 1) R




t

results, The above chloride in?estigation was undertaken, actually, to do-
teraine tie incidence of adrsnal dysfunction after gamma radiation.

(33) WThe Takata test for henetic function of patients injured by the
atonic bomb" by X, KISHIUOTO, Faculty of Medicine, Toky::; Imperial University,

The Takata test was perforned 566 tiﬁes on 347 patiegts, of whom

148 had definite cvidence of injury by gemma radiation, as well as other in-
Juries, Soventy-two of these patients had not been burned, Seventy-throe of
the totel number had burns as the main injury, but in them therc was rcason
to belicve that radiation may have beon a faqtor,in fhcir illness, The roaaine
ing 126 hed received no burns, and presumably no injury by gamma rays. The
results vere as given in Teble 6,

The tosts wore porformed seriaily in some patients, and at diffcrent
intcrvals after the voabing, Betwecn 30 September and 11 Novenber, there was
no significant variation in the percentags of nositive tests among the groups
tosted, Tho large numbér of pnositive tosts cncountercd ina this scries is in-
tercsting; but the tabulation does not prove that gamna radiation caused. liver

dysfunetion;. These studies werc ecareful .. and the reviever has consideratle

-eonfidence in'their accuracy, This tyne of result has convinecd many Japancse

that the livar is damagod by game fadiation. (sce tanle 6),
(34) "The cxemination of urine" iden,
The urine of 229 patients was tested for urobilinogecn and albuain,
The urObilinogcn excrotion was signifieently olevatad in 31 or 13% of the pa~
tients, ithen the data are analyzed, it is found that 137 of patients vhose
only injury was due ﬁo gamo radiation had significant urobilinogemurie at the
tima of examination, The findin~s with resnect_td albuain were simi‘ar: 17.5%

if the 222 patients wore found to have albunimuria ot the time of cxamination,
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Among the patients with injuwry from gamma rays, bui witnoul bawns, 10 of 47,

or 214 had slbumin in the urine, The writer belicved that the Fhigh" ineilenco
of urobilinogenuria was._geed svidence fop -h-upan.i.g pavenchyanl injuuy by .zamma

radiastion, After analyzing the results on the basis of the diognosis, the
-only Jjustifisble conclusien is that wrobi. linogemuris occurred to the same ex-

tent in patients severely injured by gema cadicticn. and in pebtients wit

burns and other types of wounds,

' Ill.b-’»—d 6

TYPE OF PATIENT . HUMBLR. :; HITH POSITIVE TAKATA TEST

1, Clinicel syndrome of ra-
diation injury, with or
without othor types of
injury,. ; 148 : . L9

2, Radiation injury-uith- )
out burns, 72 - L8

‘3. Burns, with or without
wounds, but no clear evidence
- - N - '3 5
of radlatlon njury. 73 35,
ke Mechgnical lnjurics & oqher
conditions, iz 237
5., Kormal controls £2 11

2 (b )

17




Fig. 1--(4N). A patient and a Red.Cross nurse in one of ‘the wards of
Omura Naval Hospital. The beds and the general cleanliness were un-
usual features of this institution. (Photo File #NH 138.)
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(Photo File

Fig. 2--(&N);
#8P 156(K).)

Scene in a ward of Omura Naval Hospital.
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Fig. 3--(LN).

Omure Naval Hospital. (Photo File #NH 137.)

A view of one of the well-equipped operating rooms in

-
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Omura Naval Hospital '

(Photo File #NH 136.)

: Laboratory,

Fig. 4--(4N)
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Fig. 5--(4N).
#NH 139a.)

Laboratory, Shinkozen Medical Aid Hospital.

(Photo File
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Section 5H
OLIHICAL OBSERYATIOUS I HIROSHDJA
Prepared by Avcrlll A, Licbow, It, Co].. R A c.

Date ecollccted by Vernc B, Hason, Col,, i,C,, Averilld. A, Lichow, Lt,

Col,, 14,C,, 1dlton L, Kramer, Mejor, i{,C,, Jack D, Rosenbaum, Capt.,

i,C,, Calvin O, Koch, Capt,, M,C., J, Pailip Logo, Capt., iL,C., and

Japancse lenbers of the Joint Comnission Team in Hiroshima,

To rcsolve the comploxities of the clinical obscrvations it was
thought best to proscnt the iaforrction :.n scctions. Each chapter gives
a detailed account of éeﬁain aspects, but cross-rcferences arc abundant-
ljr aaployed in an 'éttempt not to dismember thc elinical vhole, Iri the
nrescent section thv main signs and synptons arc discusscd and illustratcd
systematically and a broad classification of the tyvos of cases comaonly
encountered is nrescnted, together with illustrative examples, All availe
ablc hematologic and nceropsy data wore roviewed by the Comnission and
ars presented in sections 6 7, and 3, In section 9 appears a statisticel
analysis of tho case records obtzined as detailed in scetion l, For tho
clinical details of the early cases roliance hos had to be placed on thoe
Japancsc dcscriptions as contained in reports froa the Tokyob First ili-
tary Hosnital snd Tokyo and Kyoto Research Partics, Abstracts appear in
the andendisxt on  Section 4M, |

The various tyDGo of :lnjury will. bf* discussed according to the clas-
sification contalned in table l : _- _ AR
» A Trau.m -

ature of the- In;uriouo Factorcs- -"‘rqu: s 1ni‘13.ctcd bv the meel 1amc'ﬂ.

. foree of the. c:mlos:.on eit.:erhsx blast or 1nc-1rectly. As in the coMe of

. the bombing oi‘ Brltnin thv lattcr was *mch thc 1ore ifm:)ortant

el

What is ;momm concorﬁim, t'w oxact Mx.«gmtude and duration of tho me-

chaniecal force c;:crtcd‘ durlng tn.o e::plosion of the ato.«uc bomb at Hiroshine

-1- (5H)
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TADLE 3
TETTYTIIAT, ITRIMISTMIC ST NUNMTY eV
SEDTOAL TRFEITS OF STOMIC EORD

| | B | Tyse or Torges
Mechanical ‘ A. Wyauma 1. Uirect

- {Blasb)

2, Indirect
(raliing Dcbris)

SRS TP (SRR S L Y TN S Y TR RS

Radient o .

2, Infra Red ) 3¢ Bwps 1. Direct

be Vinitle Iright) ' ' - ¥lach burns")
¢, Ulbve Violei )} S 2, Indirect .

‘ (Flapme burns)

SO T A SR YRR PAVIIT WS EEIIE & AN DAOM € OR 2 AT

Qo Gaume Reys C L Reddetion 2 » Slicip
(ct al) | - Bfecs . 2. Gostro-intest-
3. Conads
he Igmphold tilosue
50 : Marmw
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is still secret, It nay, howover, be discussed in general terms basecd
on rather crude obscrvations and analogies,
In the casc of an ordinary cxplosion® of say 70 lbs of Hi therc is
at a distonece of BO‘feet from the exvnlosion point a shﬂrp neak of high
nressure lasting 5 milliscconds followed by a negative phase aporoximate-
1y 30 nilliseconds in duration, At.this distancc (30 fect) the neak
pressure is only 15 1bs per sq, in, in ecxcess of atomospheric, It rises
rapidly closer to the conter, "Small animals may be killed instontancous-
1y at pressures of 52 lbs,, 2nd erc certainly killed at nressurcs approach-
ing 100 1bs per sq.‘in;*" Witk eny given charge of explosive, the durat-
ion of tho pressure peak incrcascs and the pressurc falls with distance,
The atondic bob exnlosion differed fron ordinary bonb blast in the
wide compass of its range, HNo one was closer to the bomb than scveral
nundred mctérs. At that distance the peck —ressurce must alrcady hase fal-
Icn, and its duration nust have been greatly inercased iﬁ comnarison to
- what it ﬁas ncar the center, The exnlosion daid not have the hammer-blow
effect of high cxplosive, but was rather like a sudden violant gust of =
tthich lasted for a brief, but appreciable neriod, As in the case of an
ordinary cxplosion thovsjeed of_ﬁhempq;se of mositivo éressuro Was onroXe
imatcly that of soundabé&obd:é cértéiﬁ,éistance; but wvas much greatoer close
to the point of origin, - - |
# Zuckoraan, S,‘ Thé ﬁrﬁﬁléﬁféf;éléstfInjurios;;;E?éc; Royal Soe.-Hed.

(Seet, curg, and Path), 34: 171-18%, 1941 - .
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According to Japancse investigstors the mean velocity of the blast
wvave over a distence of approxinately three kilometers was about twice
thet of sound, Its duration, =t 400 moters, was estimatod as approximately
one-tuenticth of a sceond, The nressure of the blast at Hiroshima was in
thcvncighborhood of 14,2 nounds ner squarc inch at 200 metors, 5 pounds
per squerce inch at 500 uetors, and 2,1 pounds oer squarc inch at 1,000
metors, It now remains to discuss the direct oand indirect cffcets of the
blast on the husen tarpget,

a, Direct Bifccts,

The Japanosc medical obscrvers on the spot could not find any cascs of
dircet damaze to the internal orgens by the blast, At necropsy of thc carly
caseé there wore no tynical covidences of bhlast dasngs to the lungs, although
foei of emmhysoma and ateloctasis were found,

Many individuals (approxinately 7% of survivors up to 2500 meters), rc-
ported having losi consciousness tcamorarily with no history of dircet trau-
me to the head, The obscrvations of Zuckerman* tcnd to discount cerebral
concuzsion resulting directly from blast, It is probeble that violent disc-
placenent by blast of mony poople accountod for trauma to the hoad with re-
sulting uacqnscidusnéé?.

Ruptured Ear Drﬁm:.fAt the MHinoshima Hospital sooﬁ after thc bombing

P

only 8 of 371 paticnts who were oxemined had ruptured'car'drﬁms,‘glﬁhough

19 in the group of 37i suffered tomporary deafness, Scventy-six per cent of

this group of men had been within 2 kilomeoters of the conter, In the patients

#Zuckermon, S, “Qbservations on So-called Blast Cérebral Concussion
(Confidential British Report, B, P, C, 147AIS, 12)
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e:camined by the Joint’ Comission loss than 1% hod ruptured drums, oven

- within the first 1000 mcters, and beoyond 1500 moters the incidonee fell
below 0,1%, According to the 3ritish investigntors therc is groat variation
in vwhat blast préssuro uiil rosult in rupture of thc sar drua inman, In
explosions vhere persons wore subjected to pressurcs ostimated at betucen 45
and 100 pourds per scuare inch, less than half of a small group suffercd
rupture of the tymmanun, Tho drua may howover ruptvre under pressurcs as
lov as 2 to 4 pounds in excess of atuosvhorie, * Fe.ctors of acceleration of
pressure way also be important in deternining the incidence of blast cffect
on the blologiecal tarsct, '

b, Indirect Affcets of Nlast (Trauma

falling valls, ete, ) .

Windows vore

oroken as far avay as Kure 20 Ka, The radius of complete collapse of uoédon
native buildings was 2,4 kilometers, almost symetrically distributed about
the center, TIts oxtent is showm in figurc 7 (Section 3H). The incidence
of mechanical injuries dcnends on distancc from the center and is showm
graphically in figure 2H (9). It is about 60 per cont botwecn 500 and
1250 mcters, The possibilities for injury arc illustrated in before and aftor
photographs and panoramiq vicws in tcetion 3H, |

It is only beyond; 2760'meters that the incidence of Qécimnical injury
begins to fall off rapidly. Even at 4500 metors the incidonce in tho sur-
vivor group is still 14 'oér cent, TFatal injuriocs, however, are almost cntire—
1y in the zone of co_mlote destruction of buildings (fijurc 3 (108) ).
¥Blake, P,d,, Douglas, J W.B., Krohn, P.L,, & 7ucl.erman, S. Ruptura of

tho Eor-Drums hy Blast, I[filitary Personncl Ressarch Carmittec of the
Hodical Research Couneil, (Confidentinl British Report, 3.P,C, 43/179/1.S,21).
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Beyond thé 2500 meter range; there is o very large zone where there are
partially collapsed weoden bm‘.ldings- or vr?_xere an cecasional tuilding has
suffered total collaps;a, This explaih& why the curve of casualty and
mortalijby »ﬁ-bmin,jur:y'does not quite feaclz the bage line ever. at 5000
meters. N o

_ From the point of view of avosding rechonical injury the best posiie

ion, ‘as a momeﬂb’s'though%‘ muld lead one o expoct, proves-i'o be out of

- doors at a dista.nce from buildings (figurs 4H(°) Jo This is true for surw
vlvora, although of course in the inner »ing th» porvality among those truly

m the open from "ﬂ.a.sh bums" is very greab. Those indcors in beuvy budlde-
:lngs, surprisirgly, a'norw a h:lgner incidence of Injuries than thoose in nohdve
Japanese-bu:lldmgs. Since rost of the *Jw,]urz.cs were inflicted by .glass,'

however, and the concrete bu:lldinps hevs rore glass r.m.n uhoue of native

- type the an:planatlon of the para.dox is clear, Furthermore, blma e ,:.o of

injury o.pplies only to non=fatal injur..es in survivore as can eu.aily be

seen fram figure 11 (10H), Hore 1t is obvious that the total mortality from
, :hmnediate trouwmn is highbr in the Japanese nuﬂd.tngs vhan iu the coney e,oe |

bu.ildings at the same distanceo The reacon is that over th cm.de area of

mpac’o the Japanese _buﬁldings collapsed from blest while the concrete bulld-

:.ngs generally reta:lned thely strusturcl integrity.

Exactly how much is contributed to the total mﬁa’.’.ﬁ.ty by the traumatic

factors will never be kmow, Obviously im brick ond concrete buildings

that suffered partial or complete collapse the mortality wos enoimous. In

the collapse of the Japanese bulldings the great tice ‘beams ard the tiles were
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the usual factors in producing mwxy ond in tmpping the occupants. ' The
mporta.nt "hin\g; is net so much the actual .umediutc injury as the foct that
the city was swept by fire beforo rescue operations could be instibuted,
Consequently, even though mecham.cal m.jur'y s not directly responsidble for
death, it probably com:ri'buncd vastly to the aci.m._ mortality. Particularly
those wvho had suffered concussion or fmcture or vho had been rendered help-
less by severe injuries of the extremities or even those who weps merely
pinned beneath the vreckage, were soon los.., in the flones., This accounts
for the lqw incidence of thc severe forms of injuwy among the sunri.vo;fé.
Iypes and Hechanisms of Injury.. The i.nc*dezide of various types of injury
is giveﬁ in thé ata""’ tical section (ueva.u:r' 9)e In one group of po.tients*
seen at a Japancse nilitary hospitd tbc:,r wers ag followﬂz :

Fracture 11 11,5 per cent

Comtusion 51  53.8 per cent

locoration 33 34,7 per comt

'I‘oi,al 95. 1000 per cent
Laceratlona uere tho most corzon forms of  injury. They were usua.l.y in.
flicted by gloss or occus:p.onally wrooden splinters or metol were concernedo

A vypical souvce ot‘ such g bL.ss fragments is illustrated in in figure 24

& ‘Section 31), and sane tyjp ical injuries are shovm im figures l to 5.
Clmracteri.abically the lacemt:.cns were amall and multiple, but occasionoi-
1y heavy fragments produced deep ineised wounda (figuze 3). When the frage
Henvs were small,, clothmr-: w8 sufficient to protect. This prove& to be

the case even as close ag 10 (00 meters, as in paticnt Tekotani (: rigure 1),

#Appendix 4H, Ref, w..)
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Hero, elthough the glass did not pcnotfato the paticntts trousars, ,ﬁ' struck
rith sufficient fc>rc‘<->‘j %o ﬁierce‘ fhe skin and to préduco an ancurysa of the
redial ﬁrtery (figure 2), In other instences, however, ot comperablc dis-
tances or beyond, the glass vas projectod with Asuﬁ‘icient force to nonmetrate
sevor=l layers of clothing (figure 58), Even ot 4 kilomctors, howover,
Father Sicmes déscr_ibés how the glass became ombedded in the oppositc wall of
a room in whié‘a he was standlng. Probably the dircetness of iupact of the
blast wave, tho initial rcsistance of the gless, and other factors orc at
play in dctermining hov 'a@ch- injury 411 be ini‘lic‘beé..

| The incidence of frdctures in swrvivors is low, If was only 4.5% in
the pationts studied at Hiroshima by the Joint Commission, One of‘ the rare
fractures anong survivdrs is illustrated in fi'ure 5., Such lcsiéns did not
do well sinco 1littlc orthopedic and almost no physicol therapy were applied,
Most of the injurics oi‘v this tyne werc inflicted by trauna of the heavy roof
beans in the otherwisc fragilc houses (figures 20 to 22, Section 3H),
Comlications, A deseription of the state of the course of tho laccrations
in patients with fatal rodiction discase is quoted dircetly from a rcport
of thc Tokyo 1lst Ivﬁlit&y Hospital: "Healing of wounds was prolonged coins
cidcnt't-zith thc ampoarance bf tynical synptons (of radiation effeet); tic
granulation tifsue becane ane "ic and cdcmtoun. It bled coeily or bhecome
'dry boeause of unusual decrease of SCCI‘OtJ ons,. The bordcrs of the vound
were undemiiﬂed md vrrovth of granulat:.on tissua, stopped and no tandoncy
to hcal ues noxm In other ¢ sos t,-ewound enlaro'ed graxlually untll death,
In thoso who : m'v:.\rcd thc "ranulat:.on tJ. suo mnroved apain follouin rC~

covery from radiatlon ofi‘cot " o

s
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Bacterial Infections. Little diagnostic bacteriological work was por=

formed, In a group of 169 injurics, multinle abscesses developed in five
and erysipelas in thrae, The incidence of gas gangrene aond tetanus is un-
certain,

The hurns that oceurrdd can bc‘clar:'sii‘ied as "flash burns', which are
the rosults of the direct action \of radiant encrgy, and flame burns, The
latter are relatively rarc for the rcason that it took some t:me, pefhaps
onc-half hour, for the fircs that werc started foilot-zing the blast to sprsad
within the eity of Hiroshiim, Those vho could not eseape uere burned to
death, Some patients were burned by flame whon their clothes cought fire,

The radiant encrgy covered the éni;ire width of the spectrun which re-
scrblod that of the sun, In this scetion the band above that of the ganma
rays to the high infra-red will be consideréd. :i.s inclldes the ultra~
violet, visible light, and iafra-rod rays. The cxs qct mtensity of thuse
various components of the spectrun cannot be stated, None of thesc has a
hizh degree of ponetratipn Aso that any solid objoct, or under certain cir-
cunstances, oven lcaveé of cloth was sufficient to nroduce a shadoving ef-
feet, This is il-lustr 'bC(» ina .aGI‘lCu of. nhotogrophs (flmr'*s 6 to 24),
Evidence oi‘ shanou:mb "Iy nman forﬂf‘ is orc, ntc,d :ln f:wurcs 19 to 23
wherc the outln.n 6 .of mn, uho werc :m h‘u. d:.r ct 11ne oi‘ the. rays, have
been pro,;g.cted upon the asnhalt of the Bantai Brmge. Thu angles of the
ineidcnee of t‘m rays’ ars. indlcat“d Dj the dlrectlon of tho shadm:s » and
thus, by trlan'*u..atlon, t.lo loc.htlon of t’w actm.l airburst: of thc. CX~

rlosion vas dotcrmlncd- (sccvfigurc 9 and ccznparof:,gures 15 and 18),
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Only surfaces directly exposed to the rays arc affccted by them, and
there results, so to speak, a "profilc burn,' Thais is perticularly striking
in & case of such objcets as the fruit illustroted in {figurc 24 and the
pdtiexts who will be discussed subscquently,

Duratiom of the Flash, The duration of the flash can be cstimated, within

relatively broad limits, {roa data ot hand, The maximm duration can be deo-
duced from tho faét thet there was sufficient hcat at the Gokoku Shrine,
650 ncters from the airburst of the cxmlosion, to alter the surface of granite
bofore the upright shadowing colurms had toppled from the blast (fizurc 7).
The sherpncss of the shadow 1nulc tes that the poak intonsity of heat had
crértod its effcet by the time the columns werc kroekoed over, Assuming
thet at that range the blast wave had at least twice the velocity of sound,
it arrived at the shrine vithin 0,75 scconds, Consequently this is the
‘meximal neriod of action of the hecat, The minimal period is indiecztzd by the
fact that some paticnts had time to close their cyelids before they werc burned,
It is cstinated thot this process tokes approxinately 0,01 seconds, The brief
duration of thc blast is confirmed by the sharpness cf the’shadows of such
constantly moving objects as leaves »rojeeted upon ood bchind thom (figz-
urc 6), L

Host of the hcat radﬂatnd from a- rvlatlvuly small ccntcr, but double
shadows’ in sone n¢accg indIC‘tGQ thc QY!ptOHCV of an umbra—rcnumbra offcct,
This has beén ascrlboa to a: "ball of flre," i.e, a rclat1v~ly large mass
of material emitting radiant hegtrgufflclent to uroauce changes in somc sub-
strates, _ ',"'_"f¥iA ,:i“" S

The temperatures reached at various swrfacos are of intercst, They




depend on the specific heat of the matcrizls concerned, In the case of
the grenite of 650 metsrs from the bowb, Japencso investigators have cs-
timeted that a temporature of 2000 to 2500° centigrede acting for aprox-
inately one sceond was nccessary to producc the change observed, The
wood of dark colored telenionc noles was sunerficially carbonized at 3000
neters Trom the centor, From the data of Asho and Ro‘;)ex"ts*“ a fc‘:zzpcrature
of 400 degrces centigrade acting for aporoxiaately 0,5 seconds is necessary
to nroducc a scecond degreo burn, The oxact munber of calorics absor xd by
various surfaces cxposcd to the boub at Hiroshima arc not exactly known,
sincc tho duration and intonsity curve of the heat flux are matters of con-
Jecture, onrthelc sy from the cifect discussed in the preceding naragranh
it is cloar that the injurious agent was of cxtromc intensity and of wvery
short durafion,

he conditions of heat absorption at anproximately 3300 metcrs wore
sufficient to rcsult in sccond degree burns (crythema and blistering) by
tac noxt day, In covnletely exposed individucls at closer ranges, second
or third degrse bui-ns were found, The xﬁorphology of the burns in rclation
to distance and the influence of clothing are discusscd lator,
Incidonce and Mortality, Distance -and -shiclding werc among the deter::inants
of the inciéence of burns as.show'n in figm'crfin of Section 9, One of the
notablas a’bures of the mcldonce cut'vo of t‘mse in the "outdoors unshiclded"

groun a‘iong thc. ZO-day f'Lrv:Lv«)rs is thc. ri e thu-t talco nlace from just over

#Ashe, W, F., and Robertu, L, B.. Emormc,ntal Humnn 3urns (Part:.al Report),
dar iod,, 3: 62-83, 1945, |
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&0 per cont at 500 metors, to avproximately 75 ver cent at 1750 meters,

This doubtless rosults from the high mortality ineidont to exposure to burns
close to the boub, Thus only partly shiclded irdividuals (whq thought they
were wishiclded) arc reproscmted in the left ond of the curve, From study
of certain srouns it is apraorent tthat the mortelity zmonz those out of doors
vho were truly unshiclded is elosc to 100 per cont,

Burns werc also reucrkably comion smong thosc indoors, It can be as-
sumed that sinec it was swwer tic windows in many houses werc open, Evi-
denee has also bee:.?rcs?ntcd by the Japancsc that burns occurrcd even through
window-glass, as in the modern concrete building »f the Hiroshima Post Cffice
Savings Bank¥* at 17OQ nmeters, The vindows in this building arc illustrated
in figur: 11 vith thé shadowing effcet produced by the frame,

The ineidence curve alsovshows‘that even in the "unshiclded", burns no
~longer had = significant ineidenee beyond 4000 mcters, Beyond 3000 neters
few burns required treatument, and thoy worc merely menifosted in orythoma
without vesiculation, |

Accurate infornation is available fror several sources concorning more
tality fro. burns among thosc in the direet path of the radiant cncrgy
from the bomb, At 750 meters all 51.of 2 group of girls of the Iijiyama
Higi School diad. “They were at morning ecraomony ncar the Emperor's trco
at Chugoku Headquarters, At 1000 neters only 10 of a group of 193 workers
fron Otcke Village survived (mortality.94.7 per cent), This is comparable

to that of a lar:se muibsr of school children who were out of doors removing
#Appendix 4, Ref, (1)
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debris from an area that had been cleared for firebreaks (figure 9 (10H) ).
At 200 meters, the only other point at which accurate data is avail-

able, the mortality in a large number of persons who were~burned on the Koi
Bridge was under 2 per cent (See Section 10H, Mr, Hino's group of the
Otake Workmen's Party),

An observation of great interest made on Hiroshima school children is
that the mortality in the large exposed group fell only slightly (to 83.7
per cent) up to 2000 meters, and then beyond this, fell precipitously (fig-
ure 9, Section 10H), to 14.5 per cent.v This sharp drop is probably associat-
ed with a decrement in two factors, a. the lethal effect of the thermal
injury; b, the injurious effects of the gamma rays, that at least indirectly,
through the resultant infection and leukopenia in exposed persons, 1nfluenqsd

the burns,

Treatment and time of Deatg; Several records are available concerning the

time interval between exposure and death in the burned patients, Such records
are significant only when they have reference to the particular group at a
known distance from the center, In the case of the 51 girls from Hijiyama

High School the mortality curve is as follows:

TABLE 2
HIROSHIMA MDRTALITY STATISTICS OF HIJIIAMA HIGH SCHOOL, GIRLS

Group 6» A&g; »‘7‘7'Au‘g. ‘ 8 Aug.4 D?Zu:f’d_ Dig Aug, - T Aﬁg; 12 e,
D e B W ) (8 ()
2 8 ’1 J j'9:' . 3' | 2 2 0
l1e2 0 7 | v1.5 9» 4 5 1
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In o groun 1mc.’>'" treat: \ent at the Xameyan ’Iosnxtu*; who had recoived
burns at o distancc of approximately 1 kilonoter, the peak incidence of
deaths vas on ths :’-‘ourth‘dz—;y .(11.9 ner cont), Pifty-threc and one-tenth
per cent dicd within t,l;:;j first weék_, end 75 ~crocent of the total within
two weoks, Statistics‘ to. bé prosented later show thet there is anothor peal
in deaths in the third and fourth wecks when the radiation cffeets orc at

their greatest,

Effcet of Radiant Tnorgy upon the Eye, Dircet injurics of the eye were re-

=arkably fou, Coloncl Vernc Mbson intervicwed the Japanesc qﬂ'lhhalmologist ;

Takchisa Oguchi at Kaijinkai Hospitel at Kure, Only rofcrred eases hed heen

sent to tais ophthalnologi.st who had cxanined botuwcen 20 and 30 fundi, He

hod scen only 4 or 5 palpébra.l burins, The ', shedowing offect of the surra-orbital -
ridges and the blink roflex helped to oxplein this finding, The effcet of

rapid closurc of the oyes, as demoﬂstrated in figjure 41, probably helved to

arevent scrious injury, Almost 2ll of the netierts had had o teaporary

amblyopia, In no casc in thc cxpericnec of this physicien did this eeeced

a duratlon of five nlnutvo. Two paticnts had had conjunctivitis and keratitis j

rosuiting fron exposure to the blast, The natient illustratad in figure 25

is unu.,ual on aecouut of tae Jdong. durat:.on of the I:eratocongunctivzttiu.

Thcre was only onc "Jatlc’lt Jlth a pcr:.nrvent .,co+oma. ffOI" m,ri‘oratlon of the

macula.{ mc,rc, wore tar e U&ulcnuu uho hc.d had o ccntr 1 rg,l., ive acotom
withi cors *ot:.o re’cmee and OndCltiL.S (mrlingch\, Trﬁbun'»*'n) ubout thc ;;mczzla

_ who recovcrecv Tvo na. L's ents e:mlb:x.‘ced prolamsc, of t‘ze 13:'1 am a trau:m‘tlc

cat'vract J';'ol‘| ow:mf' contusn.on&. ‘)I the ey ball.r' Therc ‘.TO.:: only one ”ho had

a band-shapaed, horlzont l, oauauorml bv.*m1 of tl corpea._.< e
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.The grow> from the Tokyo 1lst lilitery Hos pital investigated 132
patients fhﬁuloCUDiCﬂuly betwecn tie middle ond the end of Septomber,
Thirty-two of the paticnts had other cvidencos of radiation effcets, In
2ll, 300 patients wore questioned and less carcfully oxamined, Onc case

y

vas found to have a catarcet and dimished visual acuity, A slight ro-
duetion in the transparcncy of the cornea was observed in s ne men, but
thay had no subjectiva\dif”icultics.

One potient was so blinded by the flash that he was unable to dis-
tinguish light from dnrk feop approxinately three days, but he recovercd

vision, There was some s8light onacity of the antorior and nosterior sur-

faces of the lond in that cese, Bight pationts in the group had honor

rhagic flecks or vhits spots thought to be orzanized ncteciine, Thesc wore

considored to be assoeiatod withy the aplaa anenia of radiation offcct
and ~re part of a wore gonersl disturbance thot vill be discusscd below,
The injurics obscrved in a froup of survivors are tebulated in Scetion 9,

Burns of the Skin, Sinco tie intonsity of redistions of the wave-length

of ultrav1olct or nighor veries inversely with the squerce of the distence
q ’

<.

2

it would be expectod thnt rroportional damege to the skin would rosuli As

it hapnens, among the survivors tho ourns were croatest ot only in inci=-

dcnee, out also in scvority at about 1500 to ?OOO ueter This agein iaplics
that only thosc uho werc 101y burasd at distances clossr to the center
thon 1500 metors suprvived, Nuvurthgless, a fewr illustretions ore avoilable

of nersons who hove been axposed direetly to the ways elosc to thc point

above vhiel: the honb ¢ wploded
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ed, Por the -resent it will suffice %o insvect in the nhotozranhs the shrrn

There is cvideneo of the skin having attaimed o very hizh teaperaturc
Tor a viry brief period, This ie indicated in a severe burn by dehydrat-

ion or cven charring of the outcrriost narts of the skin with rclatively

~1little destruction or ovan cdema of the underl yirg tissue (3 sures 29 and 30).

Only thosc parts thr.-."l; faeed the boab were direcetly exposed to the rectilinear
rays and conscquently ‘.‘;-urned. This results fron the rcletively slight penc-
trating pover cf the dazeging agent thz—it has becn nontioned, Thus, there

are reuarkable "profile burns' vhose margins sharply delincate thoe surfaces .
that ‘fr.-{ced the oxplosion (figurvs 28, 34, and 35)., The natural promontorics

of the body such as tiac nos:, 'supro.-orbital ridges, and jaw also offcetively
shaded parts of the face and neek (fimurcs 26, 39, 39, and 49). Hats and

clothes also offered partial, and often con mlete, protection as 1will be discusse
outlines of the ecovored pnrts.‘ In figurss 26 and 33 arc shoun the cffects

of shadinz by the headzear and by the eollar lines,
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Parts Involved, 4s is to be cxpected from the staterents just rade, the

~exposcd parts, csnmeeiclly the Tace and hands, were nost frequently invelved,

the shoulders and deltoid regions coften, ~nd the abdomen and chest were re-
latively raraly burned, The hair, cspeeielly in womch, usuvally protected the
sealp, narticularly in those eloser than 2500 notsrs, 3Svras soactinss oc-

curred bencath the clothes, The factors governing this will be discussed

The deepest burns werc souctines associated with dance to the cartilage
of the car with "eauliflouwert deforwity, as iliustrated in fijurcs 48 and 49,
Thase netionts wers usvally within 1500 meters, Bacterial infection of the
substance of the auriclc contributod to the chondritis in meny instances,
Iimediate Symwtoms, The symntons associataed with the burns veried from casc
to casc, but tended to follow a nattern, In thosc exposed at approximately
1000 meters, vesieles tencod to appeor mor: yromwtly than in those farther
awvay, Thus in potieat Hemba (fizure 24) and :‘u; naticent Fuchimo"go (figure 48)
both poin and blistors wore apparent vithin five nimates, In patient Sano
(figure 49) the blisters apneared almost at onca, Sut there wes no pain until
the next day, ‘

At 1500 mctsrs in patient asomoto (j‘ig,nire 31) pain appeared in two
hours time, but blisters werc not observed untdl the next day,

At 2000 meters in vaticnt ‘E\Ii)shizvlﬁ {;l;c nain did not appear until threo
howrs had pagsed and blistc’rs.xi.rcrc n'ot' notcd' until 'ai‘t:,r ten hours,

In sonc nationts, however, as in Yan‘ag‘idss., there was vesiculation with-
in ten minutos, oven at 2006mgters; ‘

Deyond 3000 mctors many pationts sustained only first desrce brris,
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-whose oms and course resavbled those of sunburn, exceps Lhot evyihema
; s : 7

was usually more quickly obgevved,
- There were eamepoions to aJ Lhc statements made in the preceding,
pamgraph. The pain in most cases lucrted only a few hours and thero-

after the burns wer'e almost paizﬂ.ousg

Hea;l.i__gg l&ost survivora had sceond degree bu?'ns or gecond d@gﬁec burns with

amoll aveas where the destx*uctuon of the '«km was complete. Tha face, in
contrast with the neck, vhere the ekin is thinnew, showed less scarring,
,sﬂ:ice the epidgm:ls is thicker heres Such an effect 1s Alustrated in
ﬁ.gm-es 28 'nnd 48, Secarring with coxrbractures aboﬁt ‘the joixtbs w#a T2re,

S:ane most burns were of second c}em‘ee or les 38, healing was usually

rap:!.d and took place u:a.bhin four weeks,

All of the burns of second degiree or worse became infected, and in

some the ba.ctema:l. agent deshr_oysd portions of derma that had not been ifw

“ jured by the primary burns. This wao cepecially true in the paticnts with

radiation effects in whom healing was Geloyed, Some burns had not healed
by the time the Cammission left Hivoshima {1 December 1945), although the
pat:i.ent.e had long since recovered from leﬂ:openia. In some instances there
was the quest:.on -of whether some divect effect of the ganma or associabed
radiation may have affected the healing, | |
Keloidal Chopges. Overgrowth of ecar tissue was §bae;~ved féequently and
somebimes was extrame in patients such as Axamatou (figures 46 and.l;'l)g
According to the Japenese physicions, however, ’tha incidense of keloids
me not greater than in burna of other causatien in this TaCO.

Tmtment was primitvive and the patients received little more than
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dressings.  Suppertive therayy in the way of fluids and 4 ra.ns{‘us'onﬁ €3
peci_...ly was ucflc:.ca

Pigent;.tion and Dcm:fmem X .i.on. tmong izhe ﬁtmlfiug ;eutureu of *bhe bux‘ns,

were the ch'\ngcs in pvcr'mnbm...s.on. in ’snosc :ec°1vmg minimal. second dege

'bu:ms the p* r’memat.e.oﬁ Was CK&.&‘\'&@, z°ese¢_b1_ng that of 2 decp v:alnub shain-

ovey the ent-:',re surface of the bum. The. pignen atien was especi.ally deep and
diffn°e :m pa,isiert who had bei.n ot a- diste nee of approxmmte.sy 2500 meters

i’rcﬂn the zxub, us bad the g’*aun of wl.é,.a :i.‘rom Obaace on their way over the

. Kol Bndgo (Se.e Secbion 1 011), v!hen m.s’group o;?' more tha.n 300 pe0ple

w5 forega.thered :m the agoenbly hd? O.I. the vmlabc school s the wniformity

of uhe d‘..rk n !‘.‘!&bk of Iuro shimah me s‘crﬂh‘nc. Scme of these people however, :

i

had mfferec! deeper dc,simuct. ion of the e\!,.in vith resulting searring which was
Drobably producm by i 'fect:c.on. A grom) of men wio had been nrzsoners in

the c:.t.y ja.sl (2300 me‘bc") had uhG sasie dcep chocola*te-colov-ed maak (figurea

'38, n, Lz, sce Jao ugt,r:. 26).-

These t‘ums 'reve preceucd by an intenue erythm;z wh:.ch **rithin & few days
became mczf@.smgl,y pi mnoem Eb:temal.t.y of the‘ il;grpefrp.,gmented area which
has 2 éharp'ﬁorder .1. fouﬁd 2 zone whe:e thore io even ‘lese p.r.gment than in
the ncmal skin with vhich 3‘6 nerges imperceptibly (ﬁ.g\u‘e L33 see also figures
26 ond 27 » ot the lower bordsra of the burnt areo.a),. This zone of depigmeub-
at:hon perhaps reprosents an aren which some malanonhores have abandoned to entey
the hypevpignented tigsues, . The pigment had begun 4o fade anpreciably only m
a fe'v cases in three and cacmhu;if' nonths,

In patlenbs vho hod cm it sidne, the chlor of the burned zone WS even

darkez' .than in the othevs. u*‘z.xrchemom, % .r nwwm? hyperabundance
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of pi,gnént. éeemed to have given tham more protection, since the Bk::.n chowa '
leos tondency towerds depigmentation vwhen they had been close to the bombe
Patient Takamoto, burned at 1400 meters {figures 36 and 37) is an ér.cel-u
lent exsmple., Comtyariwise, in vexf; lightenirinned Je.panefée, pigmentation aleo
ténded to be faint (figure 45). | o B
Depigrentation of ‘the axpoged skin cccurred regularly gt sny distance
less than 2000 meters (and cecasionally at grmte- distance), It wa not
necessarily assoclated with scarring of the skin,' ‘but ocourred in healed

second degree burns. There was aloo hisctological cvidence thot lose of pig-

' ment in the basal layers can occur, even though the epithelium of the surface

is not destroyed. AL the m.rgins of the depigmented zone is found a bronged
or t:arrbw bana of incz.;eé-.sed‘ pigmentation, externally of v;hiéh there is again
2 _vaguely defined depigmented border vhich has been mentioned ﬁx‘eﬁiousl:{.

Sope typlcal excmples are shomn in figuves 28, 31, 34 and b It is interest-
ing to note that a pigmentcd novus in cne such gonie ret-a.ins its color (fig-
ure &4). In the some patient wxposure to cold damistrazes that the crector

pilorun muscles have not been damngéd gince there _i;s goose flesh in the de-

‘pigmented area to the some ¢xtent as in the completelj undaméged skin,

Bums through clothing tended to be much lesé severc in some instances
vhere the exposed ’skin suficred seveyre enough damoge 't.o beeome scaxfx‘ed,
That portion of skin which was cove:-:ed‘by cloth merei& becane @épignented |
(figure 31), or in some instonces suffered even 1c;ss severcly as evidenced by
diffuse hyperpignentaﬁion (figures 35 and 55). Thié indieates that the mﬁa

producing the bums can peactrate cloth to a coriain extent.
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Etiology of the burms, Ccrtain‘feature of the burns suggest the action of
speeific wave lengths, nerhaps in the wltraviolet, The iné;nsity of the pig-
mentation in the very mild secord degree burns as scen at 2500 meters, end the
sharply demarcated and ertreme depigmentation without destruction of the skin
closer to the bomb was certainly uaususl merely as a result of thermal injury.
It must‘bo remembered thet a rclatively small quantity of air i.tervened be=
tuoen the »atients and the vomb, in comparison with the entire atmosnhere and
stratosphoere vhich filter out much of the vltra-violet of the sun, The diversc
offects upon the skin of speeific bands in the ultra-violet have recently been
pointed ouvt by Blun and Terus,* imch is 4411 to be learned concernin:; the
action of hish intensities of ultrc-violet, The cormlexity of the sun's
speetrum and the influcnces of filtration occasioned by elevelion of the sun
above the horizon have boen summarized by Blum, *% It is most unlikely that
gaﬁma rays were roéponsible for the sharply outlined »nigmentary phenomnena thet
nave bcen deseribed, sincc clothing would be no barricr to their action,

Protcetive Effcet of Clothing, Clothing excrtod a protective effoct depending

on & scrics of interrclated factors that includc, (1) distance from the bomb,
(2) color, (3) tightness of the clothing, (4) thickness and number of layers,
Those factors 'will he discussod sériatim.

1, Distance: It con be rstatod in zeneral terms that burns benecath
clothing were rare beyond 2300 metors, Of imnmortence also is the fact that
“Blum, H, T, and Terus, ¥, S,: Studies of Sunburn, Inhibition of EZrythema
by Lorger Dogses of Ultraviolet Rodiation, U, S, ifleyvel Medical Rescarch
Institute, Regearch Project X-108, Report No, 3

**Blum, H, F,: The Physiological HEffects of Sunli:ht on Man,  Physiol, Rev,
32: 1I83"53 0, 1945 .
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a kbeki tmzfozm-co;:c and shizt worn togeblier wers probective beyond 1500 meters,
Closer to the bomb clothes were of Little provection (figure 29). Pare
iticularly vihen of dazk ‘cci!.ofe, cioﬁhes in some insztauce acbtwlly cought five
' s0 that flames had to be bga.t'e:n out with the hands, This was proved beyond
“pemdventu-a.fcr in some .circméténces there weyre no 'a.djacent cbjects from
~which fire could have spread to the clothes. %e doizhes cmoidered and
charred, and others wero mercly wcorched. ALl of these offects on the clothing
were cbserved as for out as 2500"me£ers. iihen the clothes caught five the
- burns were truly flame burno and were among the most gevers that were on-
countered by the Comisraion, ‘In genémi; however, 'as has been discussed above,
burns beneath the clothing wore iesa sevex*é then upon the exposed parts. It
- is possible for '_‘ﬂash burns” to oceur beneath entively intact clothing (e.g.,
patie&b Macbare, Cese No, 0-3388-P},
| 2. Colox ond Shade, The da;ﬂ:est shades absorbed very much more heat,
The afi'e&t of mclective ebsorption abt 230(3 meters is strikingly showm in
the case of Japanese rice paper, whare the black print had besn complotely
burned out (figure so). Similor effects occurred betwean 1500 and 2000
maters, alao :ln ‘the case of clothes, The z-alcztian peeamed to bo to dorkness
of shade, r-ather than to colar. _
At 1600 mobers in the ease of a white rayon shirt ﬁith & pattem of
dark blue polka dots 2 millimeters in diameter and one centimster apérb,.
the polka dots were burned in the line of the rays. Other polks dots were
partly scorched (figure 51). The difference in intensity of effect probubly
bore ralation to the angle of incidenco of the my@ This patient sustained

burns of the chest beneath this garment.
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4t 1700 meters, in a rayon shirt with = sattorn of blue-blaclk stripes
onc millimeter wide altcrnating‘ with light gray stripes appro:ﬁmatcly tuice
that width, the derker matorial was deéply scorched vhere the folds of the
gorment had caught the rays on the side away from the bomb (sce figurc 52).

On the proximal side some portions of the vhite matorial were also charred and
there were third degroc burns of the skin of the thorax,

Extremely interesting is the effect upon cotton cloth with a flowered
pattern on 2 light »ink background, The flowers werc dark rod rdses with
leaves of varying shades of groen, Sume of the flowers vere entirely burned
out, others showed scorching §1ﬂ.y of the dorker portions of the lcaves ‘e.nd
netals (figure 53 and 54), The buras of thc paticnt's left arm at first
corresponded with the burnt out flowers, but they had ultimately become conflucnt
on account of infection, and by the time she was scen by ’i';ho Cormission, heal~
inz was coumlecte, Jn one patient obscrved and photogranhed by tim Jdananese
nedieal officers of fhe Tokyo First !filitary Hospital, the pattern of the dark-
er stripes was reproduced in burns of the skin, as illustrated in figures 55
and 56, Unfortunctcly, the di#tance ir;‘ not rcecorded in this case,

3. Iightness. Hhc:rc the clothing wes nore tizhtly strotched, burns
were rmuch more likely to occur, This 13 well brought out by a study of figures
57 and 58, Over the scapular an& déltoid .regi_ons of a patient (vho was at »
1200 neters), 'i:11e~13urns .oore relation* tof the clzérring 61" the kimono, but where
the slsove was hagzy, as in relation to thh l.céi_rfér part of the upper arm, thore
were no burns of the éki_n, althéugh ,charrin;‘grof “the cloth had .6ccurred. Otaer

examplos showing narticular effcct on the doltoid region arc saown in fizures
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28 and %42, con the seopuln  in figuve 31, and on theo pectorel region in
Plgare 4O,

.

4e  Thickness and Numhow of Layers, The effact of the rumber of loyors

is shomm in figure 32 Balow “ho ’-Ié"«l:i:";e of the neclk produced by the open
shirt, the akin is intack whore vhe eoliczy is folded over, bub tormrd the
righ’b tﬁ'xe wll of the chest is bumed, in nord to the 'bhird‘de‘gree, through
the single layer of C:.,Ouh» |

The prelective @f*’cc» «f the peams, 1:!;ere the a..eey,c,s Join the body of
the garment and the cloth iu in a thick vall, is ~,i"rv':.I::l.z'z‘;l.:,r shovn in figures

L6 and 58, whovre also the ét?aps’ of the urdergarments supplicd an additional,

and adequate, layer of protective material.

Surmazy: "Flash burns” in I-Iim:shim ‘occurrsd up to & distance of 4500
neters (2 1/2 m:.les) bub mmd,y wWaso thez'e vesiculation o.f‘ the sldn or nece-

asity for troatmmt. of pauimw who had beer beyond 3300 meters. The burns

“were of “proi"i.le“ type, since only surfoces d.’wectly in the rectilinear path

of the reys were affected, ‘Theve 1s same evlcicnce that specific portions of

the spectrum accounted i’oz' the pecukiarities of pi @m abion and depignenb-

at.mn that were observed. There was hisuologu.cel evidénce that the la.tter
could occuy wit.hmxt. destruction of the squamouy epitheliwm of the surface. .
Dep:.gmentatmn was prom.nen'u in patients clese to the cenber, but therc wms

a ﬁ#rgimﬂ. éone of pigmentotion, Pigmentatlon ws prominenﬁ. beyond 2000
meters and represonted the minimal residual offect of the rays. Clothes, par-

ticularly vhen 1ight in color and several layers -?...n thiclmesb and vhen looaély

~ worn, offersd scme measure of protectlon, espocially beycnd 2300 meters.
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G, RADIATION INJURY

Notvre of the Injurious Agent, During and imacdiately after the nucleor

fission by vhich the atomic bomb is dis‘bﬁ.nguished..ﬁom all othcrs, there
werc mroduced gem:n rays and neutrons, as well as other radiation widch
could not have reachéd the vs.m’i;a_‘ce of the earth,  Some of the neutrons

gave rise during their pdssagé- .Q;hi'gugh the gas/és of tac atmosphere to ad-
ditionsl goesa rays, Upon strik.ing” ihe surface of the carth artificial
radioactivity was set up, Othéx_fs encountered the hwman target in their
paths, but probably not beyon'd‘: 1000 metors from the point above vhich the
bonb oxploded, Some of the fié;ion pro&ucts wore corried with the pro-
vailing winds to the soutln-zéétern pé.rts of the cityv and its cnvirons where,
noar the villages of Takasu o.r;d}Fiu'ue,» they were deposited by a ré.instorm\
that fz211 some threce hours after the bombing, Thus therc are four possible
sources of dan}ag'e to the body by radioactivity,

1, By deposited fission producté. Their existence wzs domonstrated
chenmieally, but they werc deposited in too low a concentration to do more

~than perhans temporarily dcpresé the white count ia some individuals, The
subjeét is diseussecd in setion 2 and in the apprendix of section 4H
(Reforence 1),- The weil water at Takasu waé tested by Trofessor Shinohara
on 2 Novenber 1945, and was found to be couplotely inactive,

2, By induveed rediocctivity bencath the bomb, This was of an order
so lov a5 to be ineffectual in damaging human beings who come to work near
the center, This was attested by studies of the Ishizuka Unit as nresented
in Anpendix 4H (3ei'eref1ée 1), ‘ |
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3. By gamma rays,

.. By neutrons striking the body directly,

The Easé two were the important factors in produeing the radiation ef-
feets, It is not the nurpose of this section to discuss the onergics cone
ceracd nor the dosage received bylthc various tissues, hut merély to »recsent
in an objective manﬁer tie elinical observations,

In this and succeeding paragraphs appears an account of the most im~
portent éigns and sympiqms of radiation effoct, togcther with o statesent
of the corrwonest clinieal syndromcs observed, The interrclations of the
various symmtons in tﬂeir rclation to shielding and distance, is the sub- .
joet of the statistical analysis in Scection 9,

Incidence and iortality, Before discussing the ineidence, the eriteria of

"padiction effcet” must be defined, Clinical eriteria based chiefly on the
presence of enilation or purpura verc emplojed for reasons that are discusse
ed in Section 9, In that section arc contcmplated survivors who lived for
longer thsn twenty days aftér the bombing, The clinieal criteria nentioned
do not usually appear for at lecst two weeks,

Had it boen possiblc to doterinc the leukoeyte counts in an adequate
scmple of the dovulation ot elose dntervals of time aftér the bonbing "radiat-
ion effects" based on the éfiterion of leukonenia would'probably hawe becen re-
cognizud in a higher nercentage of people‘and:at greator 3istances fron the
centor. The incidence of radiation effcct is scen to fall off very sharply
beyond 1250 netors, The shielding éffegt of heavy buildings is indicated in

Soction 9 and more speeificclly, in Sections 10H and 11H,
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The mortality from radiation effects is known for several specific cone-
ditions: (1) s At the Bankeors'! Club (250 neters) there wos only one svrvivor
amonz nine who had minor or moderately severc injuries and no: burns; 21l had
elinical evidence of sovere radiatlon effects as discussed below, Among
fourteen othere there was only one vho surﬁivcd and nmost of thesc patients
hod second degree bhurns of the face.or extreities, or both, The average
shielding effcets of the walls and cciling of this building are equivclent
to fromn 65 to 241 ianches of water (Scetion 11H),

At 1000 metors men proteeted from burns by internoscd Japanese buildings
end otierwisc uninjured, chow o mort;lity of 55,5% (Scetion 10H, p, 17,

eke Groun), In controst with tids is the well established observation that
deaths from radiation cffcets in conerste buildings beyond 1000 meters arc
extronely rare in Hiroshina,

These snceific points of roference are the only oncs aveilablce for
Hiroghinn, Thay do not supply informction as to how many individua;s died
from radiation cffects, but morely indicate the mortality from radiation
under the conditions specified, if therc had been no other injuries, The
effeets of the radiation, however, doubtless contributed to the 94,7% mor-
talily of " individunls comletelr unshielded at 1000 meters (Sce Scetion lOﬁ),
and to that of other nersons within 1500 meters who had infected trauwmatic
or thermal lesions, -

The tine of‘deati'from radiaﬁién-effect:depcnds on exvosure, Thus at
the Brukers! Club the peak camo bcéueén.the ninti 3nﬂ tenth day aftér the

vorbing (table 3), The porsoanel at the Second Military Hosnital (800 - 900
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Table 3
Hivoshime - Horballny Statistine ¢f Fovsonnel

ab Bankers‘ Club {250 veters;

T L SRS e 42T

o LI

Dev. 250, Dabs

- Group¥ . ’w - M., o1 @
22§38 25§ 232 23 3 3
483 4 82 385 8% 3 8 8 Q
(6) (7) (8) 1’)) (10) (;m (12) (23) () (15) (16) (17) (18)
Slight or no
ouras 1 11 2 3. 3 L
-Buins 2 2.1 5 2 . 1
811 2.3 2. 6.k 0 1 0 1 0 0 0 2
#0ne swrvivor in each group.
 Table %t )
Hiroshima - Mortality Statistics of Peroornel | ‘
At Hivoshims Second Military Hospital (800-500 metors) !
Dey and Dato § 8 8§ & ¥ & R S
< -y
° 1Y 1Y tw o 1 8 zg. i
~F s g K S -
(1) (2-5) (6-15) (16-25) (25*'_.?..(.2.&.&1.2.).(27:&).
No. of Deaths 61 12 46 65 . 33 5 i1 ,
| | ' | |
# From Ref. (1), Appendix JH V
|
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moters) showed two peaks in the morvality curve, cas on the day of the

bombing and anét.hex" in the last ten days of August{16th to 25th days)o
The f£irst can be asci‘ibed largely ©o qus; “the second ﬁealr. is largely ace
counted for by radiation injury (table '1;).
Cl:inical Obaegv_‘gtions.' The pathogenesis of the s:.gr's and symptoms will
first be considered and then will follow an outline of the comonest clind-
cal ayndrames,

| R.adiation effects wero mam.i‘est by dlreci, action on the skin, oral and
gastrointestinal mucovsmenmbrone, gonads > iymphoid and hematopoistic tissues.
'The last mentioned .effect re"ultéd in 'c.he appecyance of the same lesions of
the slin, mucous mambranes ‘and v.s.sce?a that are geen in agranulocytos:.s or
in aplast.ic anenia of any Couses
1, vThe Skin. Epilation m= xrequently obsewe.d anong persons who had been
cloee' 10 tﬁe bomb and who survived for more thon tvc weeks. At 500 metews
its incidence was approximately 758. It fell off shorply bejrond 1250 meters,
Section 9, figure 6H, It was almost constantly present in patients coming
to autopsy be'tmeen tixe third and sixth weeks (Secticn 8, table 15a) 867 of
such individuale had epilation of the scalp. - The effect of shielding by
heavy buildings is striking, as shown in figuve 1oH 2 of Section 9. | ,

Thé time of onset of tho copllation reached a very sharp peak, between

thifbee:} and fourteen da.yé after the bombing. The peak for males and fe-
males co:mcided. It is likely that some errors were made in d.a.usgnosis,
since hair is always being lost and the peogple too casily found in them-
selvog sympboms that were common in o’atgera. In the true epilation, the hair
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rather suddenly hogan to fall out in bunches upron combing or gentle nluck-
ing, or it was found in considerzble quantitics on the pillow in tho morning,
T2is process contimed for one or two wecks and. tﬁez; ceased, In most cascs
ot the ond of this tiae the .dis tribution was that of ordincry baldness in
both sexes, involving i’i;t's‘t tie frontal end then the porictel am occipital
regions «nd sparing ‘the toaporal regions and the seruff of the ncek (figire
62)., In soumc, hovevor, even the gencrally more resistont parts werce opilot-
edy, but in such persons there romeined seattored ’ short; iine, dovmy hairs
all over the heed (figures 61, &4, and 66),

The cycbrous {figures 69 snd 44) and oven more so the cyelesies and
beard, werc relatively resistant to plueking, In natients who ceme to
autopey, 48 had opilation of tic heatl, 8 of the oxilia, 5 of the pubic
rezions, 4 of the eyebrows cng 2 of the hoord,

‘ Complate epilation is not necesgarily correlsted with o had progncsisg
on the other hand, 149 : £ individvals vhe died of raciation ofi ect at ap-
proximately. the fourth weck, had no epilotion of the sealp,

Even in severc ecases s t2e hair had begun to return by the =diddls of
October, from Oi@t to ten wocks after the boubing,and recovery was well
under woy a monta thereaf;tez_'. (fizrres 64 to 67’. Somc of the ncw hairs
were downy, but othors uoic of the usual rovustness, T"‘ appearconce of
the foliicles was identical at cach stage with theot of.‘\ hair :m the usual
eycic of loss and 1"ep1apamént. In the radiated patientsy howevsr, vast
numbers of_ i‘blliclcé_ x-re'rdrinvolved all at onc time, In none of the survie

vors known to the Commission was the epilation nermancnt,
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The existence of other direct ra.fimtibn injury to the _‘skin was not

proved histologicolly beyond pemdventure. This subject is discussed in

‘Section 8, Such ws:.ctﬂ.ar iesions as wers cbsnrved in Nagasakl, are not

described in Ha.msh:m, a:!.though pustula.r and ulcera’t,ive lesions occurred,

" 2., Oral and Gaf'trointestmd Tissves. In the succneding paragraphs only

symptoms consiuered to be tvxe direct result of radiation are reviewed. The
severe lea:wns in these organs md the accompaaymg signs ané symptoms which
were the'result of a:}lastic anemic aré discussed later. | |

In the ‘section of pathology (8) lesions ave deecribeﬁ in the tongue,
larynx, esophs.gus and mtcsmmes, w’h.i.ch are probably the direct result of the

action of radiation of such pernatratmg power as to affect these deep mucous

‘manbranea relati’vely moYe than the skin. The beginnings of ulceration with

no tissue response excspt edema. were aeen in tne esophagus and :m the intes~

b:mea, Since the autopsy mater:.al is s0 geanty the :mc:.dence of such lesicne

'is unknown, ‘Sympboms of scvere pain in the threat and gums occurred relative-
1y éarlya | | ' |

In many patieﬁis who were close to the point of a:j:loéiori’, severe nausea
and vomiting occurred from thirty minutes to three hours after the bombing,
sometimes, hoﬁever, not witil the next day. Thirty two and one-tenths per-
cert of individuals within the fivet 1000 moters, and 23.2% who were between
1100 and 1500 meters, suffered from vomiting on the day of the bombing. The
incidence fell charply to 6.6% in the third ring zene to attain a lovel of

zero in the seventh ring zone. The mechaniam and underlying lesions are .
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difficult to detormine, Nousen ond vomiting cre cormon aftcr therancutic
X-irrodistion,
Diarrhea, sometimes sanguinsous, occwrrasd witiin the first few days in

csome natients, In the sovere cases it was probably assoclated with the

T

choxn

G

28 In the imcous membranc of the gastrointcstinal troct, wihilch hove been

deseribed, Dicrrheal diseascs, however, mey spread immcnscly in vpopulations

disorganized and erowded o8 o result of destruction of a eity, Furtheriorc,

the incidence of diarrhez in populations near Hiroshima not directly affect-

ed by the boub is norawelly hig

3. Gonads, Ilistologically radintion offects on the tostes werc discernible

as early as the fourth cday and they were nrofound in all fatal cescs who hod

been within 1500 motors of the bomb, It was obviously of intcrest to study

the sperm counts in survivors, Stondord methods were emmloyed as outlined

in 3ection 44, The rcsults are =s follows: It is enparent that only three

of the tuenty-three nationbs wio hed been within 1500 meters, had o count

in oxeess of 40,000 (the lower limit of nornal); of thirty~nine men who had

been beyond 2,0 kiloneters, thirteon had coﬁnts below 40,000 =ner cubic nilli-

neter, In general, patients with'low counts had o noriel proportion of active

spernatozos, but in elght of. tvonty;flve men whose sncrn counts were lower

than 10,000 wer cc, more tﬂun one—ha_x of the spermatozoa were judged to be

actively notile (table 6). It reaains to bo octerilncd vdothcr in the sur-

vivors there will bu an ineren nse in tIu count o8 dietary conditions improve,

According to khcpﬁber'gnd Sanﬁers*, it is unusual fot p#égnéncy to occur if the
hcombcr, D,, and Sanécrg, M, B., Tho opcrmauozda Count, Its value in the

Dicgnosis, Prognosis and Treatuaent oP Steriliy New Zngland J, Med,,
200:  981-983, 1929, S
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~ Table 5.
- Hi.r’oshim

Counts of Spemmatozca

Number of Spewmetozos por ec (millions)

Dictance .
i 0-10 1Let0 5L 4
0~1,0 L ™ 1
11 -1.5 7 5 2
16 -2.0 g 3 6 -
2.1 4 5 8 26
Table &
* Hivoshimo

Correlation of lNumber ond Percentage of Motile Spermatozos

g of Yotile

lmmber of Spermatozce per ec. (miliiens)
Spermatozoa ; - :
’ 0-10 11-L0 A 2
of 12 0. 0
- 1-253 5 o
‘26502 13 7
512 3 18
~33~ (5H) 15
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Spc#natozoa count is below 40,0-50. Meny of the patients complained of a
- loss of 1ibido, or ovin loss of poteney following the bombing, but this
2oy hove baen associated ith acute or chronic illncss,

ilistologically the ovaries showed less striking chonges than the tostes,
The incidence of enenorrhea in Hiroshinma as showm in table 154 of Scetion 9,
inercases thic eloser tho matients are to the.center. During the war yoars

n Japen, there was a high iacicdence of amenorrhec, as indicated in tanle 7.

f

Thesc background dota are supplicd ‘by Doctor Mitani and Doctor hatswioto,
The studics werc ecrricd out in Tolyo vihiera thc ineidenec of sceondary
omenorrhes of thrce or ;nore‘ months duration is defined as ancnorrhes of un-
knoum causc in paticnts who hag wreviously menstruatod rezulorly =nd who wore
not pregnont, . The morked inercaso ofter Deceaber 1943 is shown in tobic é,
vhere the month by nonth incidence is rcsented,  Auong the factors concerned
in this rige, according to tizo Japanssc gynecologists were: (1) mlmtrition;
(2) ovurvork; (3) anxicty assoclated writh the bobing, In ioverber 1944, the
incidunee cmong 360 murscs of the Tokyo Impericl Urniversity Hospitel was
siniler, 13,3%.

Endomctriun was obtoined from thirty »rtionts in ths outpaticnt departe-

ment, Al of thesc hed thin endometriun in the carly wroliferative phase,

There wrs one ese  of cercinomn of 4 body of the uterus, Without trcatment

. 3

60 of the notients in the clinic grous recovered snontancously,
Twenty-Tive vatients were studiod and endonotricl biopsics werc obtained
at Hiroshizw by Doetor Hitani ond Doctor Iwai, Thesc speeinens, togother 1dth

conlete reeords of the menstrual histories of tho natients, were oxonined by

the Joint Cormission, 411 speciacns showed cndoizetriun in the proliferative
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Ihcidence of, "Functional Amenoryheal
' R j'.{‘_o!;yo Toperial U'-.-ziver'sity Gys. Outpatient Clinic

. Incidence of Amenorrhea

Year 'Nmb@'z' 61' |
Cutputients Famboy Percent
182 W13 205 k3
< 192 3937 - 0 3.8 |
943 . oL 188 - 5.9
94, - 2637 317 12,0
|
|
N !
|
- o 35 () H
P




Month Year
1943 1ok,
January L.6% 7.6%.
Februery 5eTR 19.55%
larch - bTR '.10»-.3;“5
Apx-:‘.’l.- 2.8% 94@.?35
Moy | 3.1%' 13.5%
June Lo3% 9.5%
| July 2.9% 1173
‘ ‘
]1 Augush 5,43 9.67%
! Septemmgr 3.9 13.0%
Octcber Lo W7
Hovambox 6.1% 13.3%
December 10,07 ER

Table &

Incidence of "Functionol Amenorrhea®

Tokyo Imperdcl University Gyne. Odtpa:bient. Clinic

118
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phase, with no evidence of corpus lutcunm offect,

4, Consequences of D@Wugb to the lcmatonoictic Systom, In pevsons exposed

to radintion, the lymphoid ond hematopolictic tissues underwent rapid necrobiow
sis at o rate and dogrec of completensss :tich is dotailed in Sections 6, 7,

8. A striking leukopenié was obscrved in the most hervily exnosed naticats
within tho first weck, The first rocorded counts are five doys after the
boibing and at this tine counts as low as 150 white blood cells wer cubic
idllimcter arc recorded.\ In sheeincns of vertebral asrrow obtained ten days
after the boabing there is alaost total loss of myclopoictic tissue, as il-
lustra tud ia Section &, figure 13

It now resoing to discuss the pothogenesis end eliniecel nenifestations
of the lesions assceiated with this process, They consist of hemorrhcge amd
ncerosis, esmocially of tissues in econbinuity with the boetsrially contami-
nated surfaces of the body. The lesions are vrominent in the skin and the oro-
-haryngeal and intestinal and respiratory systems,

" The henorrhazic asnects will be considered first, Inwvolved in this oro:
(2) 2 nlatelet factor; (b) distary factors; (c) infection facters; ond (&)
canillery fregility factors,

(a) The Plételet*Féctor.% ID fourt on fat&l cas es dying betwcen the fourth
to scventh wecks - 1n vhom blatvlct counts arc. aval Wablo, only o were above
60,000 por cublciﬁilllmetcr;”;ono wasfbetwoen oa‘OOO-aﬂd:69,000 and ancther
butwcbn 54,000 wnd 55,000 One count was 34,000 ng ull the rest below
25,000 thru~ wore bclou 10,000 In 111 of - t\eu‘ f atie ; to the bloeins tlno

was ﬁcreﬂsuu, in soue- to as long as 46 JiﬂUtuS (f1~uros 39 and 60), The

B
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clotting time was also slightly mrolonged during the acute phases of the
illnesscs, These Tindings aprc discussed in detail in Scetion 6,

(b) Dictary Factors, Vita:ain C levels were deterrined by the Kyoto

Research Group (See rof, ;7?, L.noendi:' 4H), cmploying the dichlorphencle
indophenol ncthod, Aceurate prothrombin tines were not svnilable for
patients during the ceute stages, Vitamin G levels wers lov (tahle 9).

(¢) InPection FPactor, N specifie becteriologie date was obtained,

but there wag evidenee of he cteremio in some of the fatal cases in vhon stfcp--
toeocei or bacilli wers found in freshly fixeq tissues derived froa the bone
merrov (figmwog 82, 83, ond 74, in Scetion 8), Thore ig cvideace of at least
localizag infections in 21l of the SCvere cascs of radiotion injury, The
assoeciation of baetorial infoction, and “caorrhace is vel) knovm but not well
widerstood,

(a) Capillary Pr'xm g The capi'llamr resigtance 1ag tested by

Borbelyts negative prs.o,s o} memod. It was Foung Lo be diminished in sone
individunls at the Pigtn ucek and at that tie seermed o T marallel to the
white blood count, Individu.-zls surviving to the sg renth vweel manifostoq no
cvidenee of deereas scd resis ta*zce VI"he Runpeil~Loode test . was usunlly neg-

~tive,

Charactemstlc of' tnc Hemorrhaik:r‘.c Phenomcna.: For comremenco 1;.10 sQ mll be
reforred to a ;3 "nurbura " In t"o sl;::.n, pzrrpura ms t:.Laost altnys nanif sted
in patients g dying tro’ tle 'bm.rd oO uh(‘ <~1xth uoel’, J.*:clu ve (table 15a,
Scetion 8). ‘Its_ 1?cmc“’1ce at V‘er ous C.lota.nCO“ from t‘le ccnte’«* ran a.h

axoetly to thet n.f‘ oozlatlon :.ma i‘el" o.c.z .ah‘_roly tar 1250 meters
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Table 9

H..roshm.,

Plagma- V.Ltmjm ¢ Le'-re" gt

Case No.  Age  Date . BEC WEC Vﬁ% Sc
13 32 8 Sept 2,13 1750 0.03
49 18 5 Seph 2.65 2000 oL
52 29 . 2.8 2000 0.3z
53 37 n 322 1750 0.33
s, o2 o 288 . 4000 0.89

- 56 23 " 82 5800 0,92
5T 35 n 3.16 3100 0.52
62 29 6 sept 289 6200 0.52
&, 19 15 Sopt 3.19 4150 0,57

6 37 7set . 306 LSO 0,00

Nomal values for Japancoe = 0.8 « 2.4 22/100 ce

#Performed by Research Camdiscion of the Inpe:cd;.l University of
Exact details of the me"ahod ars not glven.

Kyot Qs

39 (58)
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(table 141, section 9), According to Japanese observers purpuric spots

tended to appeer at about the samc tine or onc to two days later than

. fevor, Their onsct is at & poeak betwzen the sixteenth and twenty-sceond

day, some five days later than the penk of epilation, Purpira is raorc
before the ond of the second wosk, The largest musbor of patients is
involved ot zbout the fourth weck following the bombing, The hemorrhagus
arc most prominent in tiae upper hulf of the body and involve mrtlcul rly
the head, face, flcxwor surfaces of the unper arns and the antorior 2 ,pects
of the thorax (figurcs 59 and 60), Associntod with their onsct, there is
an inercased teadency to bleed frowm lacerations, fractures ond buras, After
the onset of thc> surpura of the skin, hemorrhogzos were also prominent in the
gigiv:ao, and from tae reetum, nos ,e, urinary tract ond reswiratory possages,
in that order of frecucney, BEpistastis was often sudden ia onsct and ’iffi-
cult to control, At nceropsy, netechiae werc found in the pelvio of "the
kidney with great freguency, but in the narcnchyme they occurred only in
11% of patients dying during the time vhen the hemorrhagic nanifestations
were ot their height (Sce table 24, section 8), In tho gingiveo and intcs-
tinal troet hemorrhaze wes usually associated with obvious infcction, Pele-
chiae occ'mglonally occv:rr d 1n thy crm,]uncta. 72 g0 AThcy were present also,

either-in the acute or or 'm'cz d mr., :m elgat o* t’qlrty-tvo patients with

radistion effect ‘rho 1 ol i‘unaxf'cowlc =~ca.ninatlon.
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In association with the léukopenia and anenia there occur necrotizing
lesioas entirely anQIOgousito thiose scen in agranulocytbsis. In 2any of
these matients there is soe cucstion cs to whcther the carliest changes
may not in faet have been the reswlt of dircet action of the ionizing
rodiction, Bwvidence for this is orosent in Group I (matients dyinz wefore
the 15th day) in the section on Pathology (8), This is suggestod clini-
cclly by the onset of gingivitis end stematitis in sone patients before
the end of the second week, These lesions, hovever, do not usually

appear until the third and fourth wocks, In later stages, changes sugies—
tive of radintion effect may be obscured by widesnread ncerosis of the
mucous membrane,

Whatever the —,:cc_;e.znsm, t‘v lesions in the patients with rofound
lcukonenia show nocrosis, oftern with messive tecterial infiltratién ﬁpon
the surface and in the rmediately underlying tissues, cnd odern--irith
feu, if any, polyorshonuelcer levkoeytes, Ilemorrhazes avc usually -rescnt
o may be massive,for reasons alrsody discusscd, The onset of the
cutancous cnd oromheryngeal lesion is usually ot about the seme time as
the nwrpara--between the 1Fth and 23a days, Ulcerative and hemorriogie
lesions of tho skin my’ oceur 'vt the site of old lacerations or by infec-
tion of Izo‘norr‘m;ic zonog, T’me ‘u'lllt.;.p.’e Lc\,rrtLons agsocirted with nene-
troting .a.rg.gacnts of glo.ss «1av<. ﬁlr ady bc\._- dc..»c'ma - BEven vhen partly

hoeled, they- Auy, in *vauervts "11: h lc.uko Jcm‘“, uﬂdonly beeoie - imccteu

end hemorrhagiec, Pmtular and vcsn.cular lcsz.ons '1190 occur in SOME Pl

‘tionts, csvecilly in the fetel cascs (Soction 8, tablo 158). what
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relation these have to mrd nary dampge to the skin by ionizing radiation

is not known but is discussod in the section on Pathology (8). Any

- mucous mmbmne my be involved, Losions of this type hove been grouped

together as "oropmr;mg »al *esa.onu" and their incidence and interrclations
are dlscusscd in scetion 9,

The lips nay be the scat of o che ilitls with edemn and .auperflcml

uleoration and sonctines iith ecilulitis, Gingivitis is chorccterized at

Tirst by rodness and swelling, In somc naticnts there is furtior swelling
assceinted with hororphn 52 and in a fou, uspecia;lly the fatal cases, there
is actunl neerosis with ulceration of the suns, The ineisorinl rcegions
are nost corronly involved (figure 61), The teoth are rarcly looscned,
ealing oceurs slugzishly by re-coithelization, but tha guns remain rod
and swollen for long periods of time and thorc is usunlly o tendeney For
superficial zones of ulceration aad searring to reunin 'upon the buceal ond
gingivel membrancs (cizure 62), l\zC‘CI‘OS 3 and .1e4_orr‘m", of the ant:rior
portions of the teazue occurped in two fatal cascs (fizvre 63; 3 sce also
Tigure 125 in Scetion 8)., There my also bo a stomtitis pog enbling the
cheilitis, Both thc lins'un.l ond foueial tonsils -y be involved, The
lesion is us undly a.ssoc:. ted with scvore pharyngeal pa:r.a, trisms and pa
on s;'.-rallo'.-ring.‘ Des m’.tc total ncerosis, the tonsils were not alweys cone
larzed, 1In gx:tient, who - rocovercd the 1e:io_ns in the tonsilg tendcd to |
nergist after th\, pu'mmn.c nanifestations and fever '1 2 aubuldOd

The lungs vcre frcqvently involved in a nocrot:r.z.m'“ and. h\,norr’mgic

IrOCESS—aby contir'.‘quzs'nccrosis of the mcous embrane .Qf‘ the bronchi ~nd

~42~ (5H) | 124




bronchioles, finally with involvcient of the parenchyma, Histologicelly
henorrhage is o nrominent feature of thc lcsion but cIinically henophyses
are rare, Thers are fow rocorded data concorning the elinical nonifestoe-
tions of these lesions,

Hany naticnts had diarrhes during lifc &n association with nccrotizingv
and hemorrhagzie lesions of the intecstinos, These were most frequently
- situated on the ilco-cecal valve, At the Ujina Hespitel anproximately
15 ner cent of the individuals with radiation effect had guaiae positive
stools,

The pemerks just coneluded concorn tac injurious factors in tho
atonic bomb and, erudely, thc mechanism of their coffcet, There now remains
'to consider what clinicnl grduping of the cases oy be made, Emphasis will,
as a rattor of‘coursc, be placed on the radiation offects, The clinical
tyres f@ll casily into 4 groups: |

Group I, Patients dying in the 1st and 24 weeks,

Group II, Paticnts suffering scverc sym:toms, or dying in the

3d, 4th, 5th and 6th weeks,

Group III, Patients dying after the 6th weeck,

Group IV Mild cases.

The fBtal cases in Groups I, II and III have the sane d981gnation and
definition in Section 8, where the Pathology is dlscussed

Among the condltlons that determlne;lnto which group a giyen case
will fall are: | _

1, Factors offexposure;\as‘determinéd by distance from the bomb and

by shelter,
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2, Factors of individual susceptibility,

‘3. Complicating factbré<such as loss of blood, or the coexistence
of burns, _

4, Factors of therqpy, The meagreness of the therapy applied to
most of the patients under consideration has already been stréssed.

The various groups will now be considered in turn,

Group I: Patients dying within the first two weeks,
In this group there-is‘histological evidence of radiation effects upon
the skin, gastrointestiﬁal tract, lymphoid tissue, bone marrow, and gonads

but these have not become clinically manifest, There is no epilation and

usually no purpura, Patiénté complain of nausea and vomiting on the first

day of the bonmbing followed by anorexia, malaise, severe diarrhea, thirst,
and fever, Death ensues in aélirium within the first two weecks, Leuko~
penia is found in many of thoeé aaeoéhhytpo fifth day and doubtless oceurs
sooner,

First hand inforﬁation.concerning some of the featurés of the ooty
cases is available from'the records of the Iwakuni Hospital, Temperatures
charts were kept and heﬁatoiogicql examinations were performed, Details
of the clinlcal hlstorles, however, are scanty, as there is record only of
the most 1mportant 51gns and Bymptoms.. Thus nausea and voﬁltlng on the |

first daj, whlch was common among tnose w1th rudlatlon effect who survived

for 3 weeks or more, was rarely recorded Thls nrobably 1ndlcates clther

that the questlons were not asked, or thﬂt the pationts were. too 111 to

respond;

The patienﬁsfﬁndér‘¢qn§iagiation‘were_all;in the "Bankerst Club”
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building; which is situated 250 meters from the point above which the bomb
exploded. A study of the building from the point‘of view of filtration
factors is presented in Section 11H, Of 23 individuals in this building
who were admitted to the Iwakuni Naval Hospital, all but 2 had died by the
234 of August, The case history of one of the survivors, Terachi, a
tclephone operator who supplied information coﬁborning the others, is pre-
sented in Group IV of this section,

It is condidered desirable to consider the symptoms of those who had
no burns; or minor burns no greater than the first degree. There are
8 such in edditionto the survivor, Terachi, who fzll into this category,
All but one of the fatal cases had diarrhea, which was of watery type,

The number of stools per day was as high as 28 in one case and ranged

from 2 to 10 in the others. None of the patients dying in the first week
had evidence of epilation, A few scattercd petechiac were noted on the
chest in one case, It was of note that one had stomatitis and pharyngitis
and another gingivitis and pharyngitis,

The temperature records in all of these patients were remarkably
similar, Usually, between the fifth and seventh days, but sometimes as
early as the third, thefo was a steplike rise of temperature usually con-
tinmuing to the day of death; Four charts arc prescnted with the counts and
numbers of stools recorded for thc approprlate day together with the clini-
cal hlstorles, Wthh 1nclude all avallablo 1nformatwon. There 1s remark-

able 31m11ar1ty not only 1n the temperature curve but 1n the other clinlcal

'manlfestatlons Those cases, moreover, are representatlve of the group as

~45- (5H) 127




a whole,

G;> The white blood cells were first recorded as carly asvll August, but
the first examinations were usually performed on the following day. There
is not one among the 7 fétal cases in whom data afe,available where the
count was higher than 1500. In 5 of the 7 it was below 500, There was
also a striking enemia in these patients by the end of the first week,
despite the fact that in most of them bloéd had been lost in glight, if
any, quantity, The RBC varied from 1,4 to 4.2, There.was a dispropor-
tionately low hemoglobin, It was not greater than 54 in any patiént; in
one it was 25, and in the others it ranged between 40 and 50 per cent,

The symptoms among the 14 patients with burns of second degree or
greater, usually were ?éry_similar. One patient, who lived to the 23d
Aug, developed sevére epilation on the 20th, The one survivor, Kozuka,
Case No, H-10633-1, was discharged on the 24th, He, too, developed
epilation before his releasc from the hospital, His first count had been
250 WBC per cmm on 12 August but had risen to 3,600 by the 19th, Scattered
purpuric spots were pfesent in one patient who died on the 11th, There

'was only one patient who héd stomatitis when admitted on 9 August and
pharyngitis whlch began on- the 12th Hé diad on 14 August Another who
dled on the 14th also had stomatltls The dates of death for both groups
are shown in table 3 earller in this séatlon

. An account of tho symptoms in 181 cases termlnatlng fatally before the

-end of: the 1lth day and 1nclud1ng patlents W1th severe burns and 1n3uries

£

is given in the report of the Jhpanese Army Médlcal School (Appendlx 4H,
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Reference No. l,";: 0L a tobel of 181 casus, 139 Lod fover, 85 hed diarrhea
including 10 cases with b«loody s‘c.cdls 22 had a hes ~o:”"qa,g':.c tendency in-

cludim’ those. 'wi"c.h blcodg: m.:;ls » 2 had p’"ec.u_w s 2 with epis"c.a:-:is &nd

one with u.ng;wd bleed.u‘g. The bload arrneca yresanbled that of
d"sentcry but bacx,er.m.i ozic c,:,anm.s.tlors -::;fw.:;—:d &% the Ninoshima Hospital

were ncgatlv(, .

_i".‘eath in these aut:}.eni;ﬁ ‘325 associstad with tho dostruchbion of tissue,

dun.cns b!‘cl.b(.d .m Secn:mn 8, and probea.blvﬂ;;.lsc wita bactericl infection.

In amsulu (3.~r.:.ng2 soon &J.tez Irpadiat ion, Leuvence & Tennant# ca“u:dured the
form r t‘cxc,tor to be the Lore m,;:-;mmt.' .

*Lawrernce , J. H., & Tennant, R.: The Comparative Effects of Meutrons and
X~Rays of the Whole Body, Jour. mxp. Med., 66: 667-688, 1937.
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‘record). Ou that doy a few pesschiae appeazed on the chest.

Case Report: Hakane, Eiichi

Case No, H-501.9-U

This 31 yesr old pebby officer of the Japa nose Havy wes adm::bt.ed e
o the Iimbani Hospital on the $th of fmg,usb, He we.s in the Bankers!
Clab (250 meters) ot the time of the Loubing nd suffored first degree ' -

bumns of the face, ncck, and chest, cqniuslons of the nose and right hand
amd an abrosion of the left dibow, On the 12th nf August he began to come
plain of cbdominal poln, novscn, anoraxin and 61 ziness and a diarrhes bo-
gon, which reached a fyecuency of ten on the following two days. At the
sama bime hio temperobuve began vo vise ond conbinued upéxardm to reach &

Llovel of 39.4° C at the Himoc of death. &n 15 Augu st “’9&5, (See 'bemperature

SAutohemotherapy” was adminletersd.

Laboravony Daba:
Sahli . '
Blced REC Hgb UBC* Ig. M.. Siob. Soze Ep. Hue. BEC

12 g L&D 50 15¢ 30 L & 50 L 3
13 dug L4620 &;9 200 |
#igions neutyophiles” presant (See. Secticn 6).
Uzine (13 Aug): Alb. ond Scgar Hege 23 WEC and 34 REBC/MPF | %
Sbegl (1% Avg): Feg. for typhoid or dysenbery. |

Cage Reports OQotsuka, Shigeru;_}_ :

Cage No,  Hel0622-L

This 27 year old payunster oi“ the Jopanese Navy was on the first .‘ﬂ.oor"
of tho Bankerst Club (250 meters) at the time of the bombing. The only
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injuries were contusions of the héad, face, and neck, and abrasions of the
hands, He was admitted to the Iwakuni Hospital on 9 Aﬁgust 1945, He con-
plained of a‘cough which was productive of sputum, and of anorexia and diar-
rhea, At the time of admission his température was 38,8° C, For the next
two days it was just slightly abowve normal, but théreafter it rose steadily
to levels as high as 40,6° C. towards the end. On the 19th of August he
had a hemoptysis and he expired on theAnext day, He also suffered from sto-
matitis Qhose date of onset is unstated,

Four transfusions were given of 100 cc each., He had a striking leuko-
penia and anemia,

Laboratory Data:

_ Sahli
Blood RBC Heb WBC
12 Aug 400
13 Aug 1,35 Ld 125
14 Aug : 125
15 Aug _ 100
17 Aug 82
18 Aug ‘ : - 113

Urino (12 Aug): Alb. and Svugar Nog. 1-2 RBC and 3-5 WBC/HPF

Case Report: Kumano, Iwaov:f«_ .

Caso“No . HL10635~I , ‘ 4

Thls 22 year old seaman who was admltted on the 9th of August sustained
contusions of the head and face at the timu of the bombing, He was in the

Bankers' Club building at the;tlmg Follow1ng the bonbing, he complained of
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dizziness, Nausea and vomiting occurred beginning with the 12th of August
and at the same time a sudden rise in tomperature occurred. This contimued,
reaching a lewvel of 40,20 C on the day of death, the 14th of August, There
was diarrhea on the last two days, "Autohemotherapy" was administered,

Laboratory Data:

Blood RBC Hgb WHC Ly. M, Seg.*
12 Aug 2.82 40 300 1 1 18 (20 cells counted)

*Giant neutrophiles present,

Urine (13 Aug): Alb, and Sugar Neg, 2-3 WBC/HFF
Stool culture (14 Aug): Neg.,

Case Report: Kurauchi, Yoshiaki

Case No, H=10645-1

The patient, a 31 year old seaman, was at the Bankers! $lub building
at the time of the bombing, and received contusions of the face and left
forearm, together with first degree burns of the face and neck, He was ad-
mitted to the Iwakuni Hospital on the 9th of August, At this time he had
malaise and anorexia end diarrheal stools, but they did not become frequent
until the 13th, Their number rcached 28 two days later, On the 12th began
a fever which rose»pontipﬁously, to attain levels as high as 40°C within
tho. noxt two days, ‘Pharyngitis appeared on the 14th of August and thero was
also‘a'stomatitiévwhoée date of onset is not stated, His blood pressure

was 90/45 on AugugﬁﬂlB.
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Loboratory _Q_aj'_.g:

Hlood  BEC  Hgb. WEC
12 Avg 420 45 kOO
" 354w 430 60 250
16 Aug : 200
17 Mg 270 |
 Bone Yarrow (Date uot stated): Stab colle: L. Ly.: 29, M.: 1,

o M. Juy. Stab. Sege Ee B
2 9 12 6 01

F I&

Honoblast: 1. Reiiculwm cells: 11, Plamma colls: 7.
Urine (13 iug): Alb. and Sugar. Neg. 23 WEC/HFF
Stool Culture (13 dug)s Neg.
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Group II: Patients dying during the 34, 4th, 5th; and 6th_weeks,

or_surviving severe symptoms.

In this group the anatomical and clinical resulté of the radiation
attain their acme, Epilation is prominent as is the hypoplasia or failurc
of maturation of the bone marrow, The hemorrhagic and necrotizing lesions
which are consequent upon the latter are entirely comparable to those éeen
in aplastic anemia and agranulocytosis, Petechiae of the skin are almost
always present, There are necrotizing lesions of the gums, and respira-
tory and gastrointestinal tracts, The sequence of symptoms is somewhat
as-follows: In a typical severe case the first evidence of the disease
is nausea.and vomiting on the day of the bombing, followed by a feeling
of malaise, Then there are no other additional symptoms except for epila-
tion which begins 2 weeks after the bombing, Usually, approximately 5
days after this, accompanied by increasing melaise, therc is a
step~like rise in temperature similar to that seen in Group I, At
approximately the same time pharyngeal pain may appear or this may come
somewhat later. Gingivitis and petechiae become manifest on the same day
orvwithin a few deys after onset of the febrile episode. Sanguineous
diarrhea is frequently a prominent symptom at the height of the disease

and mey appear very early, . Stool cultUres_médé from 160 of these patients

at the 30th of Augusf were ail negative, The leﬁkocytés and platelets

reach very low levelé ét~thé'£ime of:the‘fever and'theré may be a severe
anemia, The patient usually dies withih one or two weeks after the onset
of the fever, .

The mechanism of dnnzh—in“théée patients who had widespread infected
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nec:otic and hemorrhagic lésions is not difficult tO'ﬁnderstand. The
presence of bacteria in the well-fixed bone marrowé of two patients
autopsied immediately after death (figs, 13, 82, 83, 89 in section 8)
indicates the massive bacteremias that can occur, Cultures of blood were

made in 19 patients as recorded in the Japanese Arnmy Medical School report

with the following results: Strep, hemolyticus 1, Strep viridans 1, B,

coli 1, Grem-positive diplococcus 1, This informetion is scanty, but in-

dicates that blood cultures are frequently positive in these patients,

Some patients exhibiting all or several of the symptoms of purpura,
gingivitis, and severe or even necrotizing pharyngitis survive after a
febrile period, In reletion to defervescence non-necrotic pharyngitis
ceases before, petechiae before or dﬁring, and gingivitis usually after
the end of the febrile.period. Recovery is associated with an increase
in the circulating leucocytes and platelefs. Many of these patients
remain in an anemic and generally debilitated condition for long periods,
In survivors the red count tends to fall slowly for soﬁe weeks after the
end of the severe illnéss. It is interesting to noté that the leucocytes
are at their lowest in the fourth week in those surviving more than 20
days. 1In the same group the red blood count reaches an ebb at about the
seventh week, J |

The incidence aququantitative interrélaﬁions of the symptoms are
discussed at 1e9g£hgin.séctibﬁ'9,;_br »r 4 B

T§e>:é¢ofd’of patien%ﬁOkita is-pfeéénted ésfanvexample'of recovery
from the severe forﬁ of;thé diseasé. In general the fatal cases did not

present any special symptoms. Thé téndencijas,:howéver, for more of the
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signs and symptoms to coexist and to be more severe,
Case Report: Okita, Hirosi
Case Number: H-6011-U%*

This 25-year;old soldier.wasratAthe 104th Garrison (approximately
1000 meters) on the upper floor of a two story Japanese building at the
time of the explosion; Fragments of glass struck his right arm and
shoulder, inflicting a laceration on the former and a contusion on the
latter, That night he slept in a field but he returned to the Garrison
on the 7th. Betwcen the 10th and the 14th he worked on the East Drill
Ficld and was able to march 15 kilometers,

Epilation began on the 20th of August but he continued to work, On
the 27th he felt feverish and on the next day petechiac appeared, He was
adnitted to Ujina Hospital on 30 August, At that time he complained of
nalaise, headache and swelling of the gums, He had previously had
nmalaise only on the day after the bombing, The gingivae continued to

swell and on 4 Septembef‘they were extrenely painful, A week later they

" began to bleed, but thereafter healing begnn, He had a sore throat begin-

ing on 1 September and had dysphagia on the 7th, Superficial ulcerations
of the angles of the“mouth were noted on the next day and he had trismus,
His tempcrature rose sharply on Septembcr 1 and attained 40, 6°® C, on the
¥This patient was studled at tne UJln& Branch Hospltal and later by the

Joint Cormission, - The. temperature record ‘is taken from the report of the
Japanese Arny Médical School -
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- Bleood Proteing (cusso& wathed)

- Loboratoxy Datas _ g
_ ; v . Mete,
El.ood REC Heb w3 Lly. M Ryel Uyel. Stab  Seg
b Seps 2.6 68% 900 98 2
8 Seps | 1400 |
19 sept 2800 33 9.5 0.5 1.5 2 26
27 Sepb 2,79 515 ASOD 16.5 9.5 3.5 69.5
23 Oct 3,30 11,52 10400 40 5.0 20 460
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2h Sept 31300
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next day, Thereafter it!fell by lysis to reach normal levels on the 1l4th
of September, Petechiae bégan to clear on 9 September and he was suffi-
ciently well on 4 October to be.discharged. }He was next seen on 23 October
1945 by the members of the Joint Cormission, who found him at work at his
farm, At this time he complained of shortness of breath upon exertion, but
of no other symptoms, " The gingivitis was healing anteriorly, but super-
ficial ulcers with purulent bases were still present on the buccal mucosa
of thé right side{ffigure 62),

He submitted to a bone marrow puncturc and blood count, These showed
o remarkable recovery of the leucocyte count to 10,400 on this day, in con-
trast with its low level of 900 on 4 September, and of the count of nuclea-
ted cells in the bone marrow which had risen to 75,000 per crm on 23 October,

from its level of 4,000 on 4 September 1945,
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EONE MARROW

57 (5i1)

Date . b Seph 27 Sophb 23 Oct
| Nucleated Cell Count 4000 75,000
Myalobi&.éts | o7 3.5
Promyelocytes 006 0.8 2.5

. Yyelocytes Soby 1.7 3.0
N, Uetanyelocytes 7.2, 12,2 1.5

iz, Stab forms 3.0 : '22,2 | 17.5

N. Polys 0.6 13.5 12,0
‘Bosinophiles, all types 7.2 Ouly - 11,0
Bagophiles | | 0ok -

Lymphocytes 42,1 } 6.5 205
Yonooytes 0.6 2.2 1.5

' Higtiocytes

| Megsloblaats , ‘

Exybhroblasts 7;;2 2.6 1.5
Normoblasts 8ok 39.1 - 10,0
Hegakéxyocybea | ' |

Plasua cells - k.6 11,.2 005 -
Unidentifioble (damaged) 25.0 10,0 6.0
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Group III (Patients Dying After the Sixth Week)

In some individualé in whom the bone marrow fails to recover or
exhibits a maturation defect, the symptons described for Group II continue
and the patients dié after a chronic illness, Patients with severe sympﬁoms
surviving beyond the sixth week:; usually are emaciated,

In others, concomitant with a partial or complete recovery of the
marrow, most of the striking manifestations of the aplasfic anemioa, such
as purpura, have disappeared, but they may nevertheless succumb to a pneu-
mbnitis or enteritis, These may represent either a new illness of sudden
onset, or an exacerbation of a smoldering lesion that had its inception
during the earlier 1eukopenic phase, Thus, lung abscesses may develop in
organizing pneurionia, In these patients there is now a leuchytosis. The
lesions contain an abundance of polymorphonuélear cells, There is usually
no longer a marked thrombocytopenia, but the anemia may be profound, A typi-~
cal example follows:

Case Report: Kiji*na, Torowa Case No,: H=6059-U
Autopsy Key No, 50

Chief Complaint: This 31 year old man was admitted to the Ujina Hospital

on 5 September l945,.cpmplaining of epilation, gingival pain and high fever,
Past‘Histdry: The patient had no noteworthy disease until the present,

Present Illness: At the time of,the banbing, he.was in military barracks
approxinately one km, from the center, At this time he;sustained a large
wound of the occipital region and lacerations of the upper arm and of the
dorsun of the left:fopf;'-Sincé the 25th or 27th of Augﬁét-the scalp héir

began to fall out and he began to complain of gingival pain and high fever,
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Physical Examination: At the time of admission, his temperature was 38,5° C
(axillary), The pulse was 102 and regular, He appeared moderately ill, He
was pale and undernourished, There was a striking degree of gingival hemor-
rhage. No increase in the size of the cervical or cubital lymph nodes was
noted, Ulcers were present on the lips, It was not possibie for him to eat
on account of pain, Theré was striking epilation but no petechiae were seen
on the skin.v |

Course in Hospital: His extermal wounds appeared to heal, He suffered from

anorexia, On ld Septémber he vomited an Ascaris worm, On 15 Séptember fever
continued and he had a cough,A He became increasingly prostrated and by

18 September, cough was severe.enough to disturb his sleep., It was productive
of a mucoid and purulent sputum which did not have a strikingly foul odor,
Upon standing, it separated into three layers, There was dullness to per-
cussion over the right secapular region and hére there was diminution in the
breath sounds, There was no change in vocal fremitug. Tubercle bacilli were
not found in the sputum when this was exanined on 3 October. There were, how-
ever, numerdus polymorphohuclear leukocytes and cocci, Fever and cough con-
tinued through 18 October and the patient continued to suffer from anorexia,
An X-ray examination'performed on 28 October showed a diffuse cloudiness in
the upper, middiéjaﬁdriﬁ;a pbrtiqhiéf ﬁhéflcwer lobes ' of the right lung,
The.hiiar'shgdbwsfbﬁ;thefiefizsid;‘wéée;aécéﬁﬁﬁatgd;a huscilltation of the
c@est on 5:Novémb§r;féveéiéd bionéhial Eréathing ovéf the éntefior right

lung near the‘aﬁicél regidﬁ' ‘On'lL Nbvemﬁei‘fheré was hemoptysis of appro-
ximately 100 cc Respiratlons were rapid and the pulse was at this time

weak and sbmewhat.lrregular - On the 15th, he was in an agonal state and
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Observations at Necropsy
A% necropsy thé putient was found to be extremely emaciated, There

was still a striking degree of epilation of the scalp, and gingivitis was
still in evidence, The tongue was almost a perfectly smooth and pale but
there were no ulcers and neither the lingual nor fauejal tonsils were on-
larged or necrotic, There was an orgenizing and acute pneumonitis of the
right side, with multiple abscesses, and bronchiectasis {figure 149 - 151),
Fibrous pleural adhesions were present on this side, On the left side there
was a focal pneumonia, The bone marrow was hyperplastie, but still showed
many atypical mononuclear cclls (See Section 8, Group III for description),

The testes were remarkably atrophic (figure 167) as wes the adrenal
cortex (figure 169),

Notable features of this case are the recovery from the severe symptoms
of radiation effect, bu£ the persistence of a pneumonitis, ultimately with
formation of an abscess, There is organization of an old pneumonitis, to-
géther with an acute focal pneumonia, Profound anemia persisted and there
was a relative leukopenia, with, however a marked shift to the left, The
bone marrow at necropsy was hyperplastic but showed a'persistence of plasme

cells and atypical nononugiear cells,
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Group IV: Mild Cases:

Persons who were situated near the limit of the range of the
radiation or who, although close to the center, were shielded by heavy
buildings or who, for unknown reasons, werc resistant, manifested mild
effects, In some, who were otherwise completely asymptomatic, leuko-
penia. was discovered during a routine blood count, Some merely complained
of anorexia and malaise. Diarrhea was a common complaint, Others had
mild or even severe epilation without other symptoms., When, however,
purpura or oropharyngeal lesions appeared, the patients usually also had
epilation ~and passed'thfough a febrile illness of varying degrees of
seveQity such as was described in its most serious form in Group II,

Most patients with the milder symptoms recovered completely, There
were some, however, who had not regained their feeling of well-being even
after three montﬁs after the bombing, A few of these people had a per-
sistent leukopenia of approximately 3,000-4,000 at the time that the Joint
Commission left Hiroshima, A moderate gnemia was mdre cormon, What role
dietary factors played in the anemia is not clear nor is there any infor-
mation concerning how long depression of the bone marrow may persist,

There follows the histdry,qf-patient<Terachi, who was one of the two
known surﬁivors amongAZB pefséné éf~fhe Navy Department Office at the
Hiroshima'Bankéré'_Club.(25d ﬁet¢rs).  From data presented'in Section
118, she was shiclded by the equivalent of approximately 130 inches of

water,
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Case Report: Terachi, Kazuko
Case No, H-10616-~I

This 19~year-old single female telephone operator was in the switch-
board room of the ﬁankers' Club building at 250 meters, She is one of'§wo
known to have survived in that building, Information concerning the
patient was obtained from her clinical record at the Iwakuni Naval Hospital
and from the patient when she was interviewed and examined on 19 November
1945,

The patient was standing at the time of the bombing, She was in a
roon on the ground floor of a three story concrete building. The windows
of the room faced somewhat towards the center of the explosion but there
was & concrete wall several feet beyond the windows which did not, however,
exert a shielding effect,

She felt the blast cone from her left and was lacerated by flying glass
fragments over the face, neck, left arm, left leg, left half of the back
and righfzhand‘ She was not burned. Two other persons were in the roonm
and sustained mechanical injuries, One, Tanaka, Case No, H-10630-I, sub-
sequently developed radiation sickness and died. The other, Kozuka, Case
No, H-10633-I, sustained slight burns but 1ived until 1 November,

The patient escépé& frpﬁ the buildiné in which fire had broken out,

At 1700 hours (about 9 houfsiafterAthe;bbmbing):éhe becane nauseated and

vomited_many times.,:,These symptomé pefsisted' only during the evening of

6 August, however. She continued to-have malaise and was admitted to the

Tvekuni Naval Hospitel on 9 -August with a temperature of 39,9° G, The

Y
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extent of infection of her numerous lacerations was not described,
Treatment consisted of dressings and sulfanilamide by mouth, 3 grams daily
for 3 days, Fever subsided by lysis over a 10 day period, Improvement
wes sufficient to permit the patient's discharge on 24 August, and her
lacerations were completely healed by the beginning of September,

In the end of August, after feturning home, the patient developed

moderate epilation of the scalp but at no time did she notice any pete-

chiae or other hemorrhagic phenomena, Malaise and weakness were still
present when she was examined on 19 November but these complaints were

improving steadily, At no time did she hawe abdominal pains, diarrhea,

- anorcxia, stomatitis or pharyngitis, There was litlle change in the men-

strual cycle, Periods of 4 to 5 days' duration occurred in the beginning
of June'and July, The August period began on 4 August and endcd on the
day of the bombing, A 3-day period followed on 5 September and a 3-4 day
period on 10 October, There had been no November period at the time of
examination on 19 November, On that day her WBC had not as yet reached
5000, Her lowest counf had been 1240,0on 15 August, 9 days after the bomb-

ing,
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‘Laboratory Data:

~ Lakoratory Date " ERBC CHbz . WBC Cther
' (willions) (arans)

Iwakuni Hosp 13 Aug 240 7.0 3400  Urime: lb-neg,
- ‘ Sug-neg, 3ed
few RBC par HPS

Iwakuni Hosp U Aug 2.7 - 5.8 129%€C
Iwakuni Hosp | 15 Aug 2.3 6.5 12,0
Iwakuni Hosp 16 Aug 2.3 6.2 . 1250
Iwukund Hosp B ¥ Aug 2.2 5.3 ‘2480' Urina: Alb O.
T Sup €,8ed
Few HEC par HPF
Twakuni Hosp 20 Aug | | Differential:
' Stub 1, Seg 69,
Lym 22, iono 2,
~Joint Comm, 19 Nov 3.9 1105 4500  Differential:
" (Hiroshima) - o - Stab &, Seg 54.4
- ' Ly 27.2, ¥ 4.0,

"% 4.C, B 0.0,
Platelets 65,790

lichbiculocytos
- 0.8%. _
Bone iarrow (19 November: 15%5
Lyeloblasts ’ . - ‘ X : 2.5
!’i'oizxyelocy‘bes S A' 2-5.‘
W. iijyslocytes ’ - : 545
H.-ﬁetemyclocytes 1 C S 10,7 -
N. Stab. Forns | L ' 250
‘. Polys. o G0
v'Eosinobhiles (all typesj‘ ' | o T heS
iymphﬂcytes E , 27.0 (éontinued on next page)
| o5 i) - W7



Monocytes - 2.0

Erythroblasts 2.5
Normoblasts 12.0
Plasma cells 1.0 )

Note: Some of the lymphocytes are atypical énd are difficult to

distinguish fromAprom&elocytes.
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SUMMARY

The usual clinical observations in the various severe types of
disease that have followed exposure to the gamma and associated radiations
of the atomic bomb are summarized in table 10, The variability of the
symptons in the mildest cases (Group IV) precludes their cataloguing in
tabular forn, '

TABLE 10

Clinical Manifestations of Severc "Radiation Effect"

MANIFESTATION Group I Group II Group III
1st & 24 Weeks 3d - 6th Week After 6th Week

Epilation 0 £ £

Petechiae 0 . ) 0

Necrotie Gingivitis

and Pharyngitis 0 £ 0
Diarrhea , £ A% Jr
Pncunmonitis 0 A | Ar
Leukopenia £ £ 0

*Lesions do ‘not contain polymerphonuclears,
#*Losions contain polymorphonuclears,

Note: 1, Nausea_andTvomiting,spon”aftér the bombing were frequent
among those who later ‘showed other evidences of radiation,

2, Fever was a comnon finding in all groups before death,
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Fig. 1 (5N)--Ta.kata.ni. 1000 meters. Patient was in &a- sta.nding position ap-
proximately 32 meters from a window indoors in a military barracks. Upper
torso was as nude as in the photograph but he was wearing trousers. The glass
fragments did not penetrate the clothing but only the upper part of the

body. Aneurysm of radial artery (see Fig. 2). WBC = 1300 on 24 September
1945, (Photo File #HP 15la.) . )

, ‘ | - 150

H
i
|
!
|



Fig. 2 (5H)--Takatani. 1000 meters.. - Mi'i‘ltiplé lacerations. -Aneurysm of

radial artery (see Fig. 1). (Photo File #HP 151b.)
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Fig. 3 (5H)--Nurse, Red Cross Hospital. Age ?. Female. 1800 meters.
At the time of the bombing she was working in the central wing of the .
hospital on the 2nd floor. Secondary injury by splintering glass. Dis-.
location of left wrist and knee joint with fracture. - The large windows

-and dangerous glass splinters in this hospital are illustrated in Fig. 24

(Section 3H). (Photo File #HH 129.)
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;Q.Fig.'h (5H)?-Name of patient unknown. Age ?. 1000 meters. No burns.
- Laceration of left eyeball, left infra-auricular region, and left. ' .
" ghoulder by splintering glass., WBC: 15 September, 2500; 20 September, -

3500. 5. September, emucleation of left eyeball on account of suppurative

.process extending into vitreous. A patient of the Post-Office_Ecspital,a*

(Photo File #HE 200.)
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Fig. 5 (5H)--Toshi Sesaki. Age 23, Male. 1400 meters. At time of bomb-

ing, he was sitting at work in Toyo Steel factory. Saw flash and began to
rise when blast was felt. Sustained secondary injury by falling beams.

Injurles: Incomplete fracture of head of tibia and multiple 1acerations}’
No nerve injury. Subsequent ankylosis of knee Jjoint., " No impairment of

movement of feet and toes. ILeg held in semi fixed position on account of
pein., WBC 6200, This man was & patient at the Red Cross Hospital. The
supporting beams of some typical Japanese houses, such as may have in-
flicted this type of injury are shown in Figs. 20-22, Section (3H). (Photo
File #HH 127.)
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Pig. 6 (5H)--Telephone pole at Meiji bridge. 1300 meters. Shadow of leaf
pattern., This proves the brevity of the period of. action of the heat rays,
since the shadows of the leaves that once proJjected above the present new
growth, are sharply outlined. The heat was sufficient to wither the lea.ves
but did not kill the entire plant. (Photo File #HE 113b.)
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Fig. 7 (5H)--Gokoku Shrine--Granite Post Shadows. Effect of heat rays on
granite. The affected material now appears lighter than that protected by
the shading effect of the originally upright posts. This is proof that the
high temperature produced its effect in the fraction of ‘a second before

the posts were upset by the blast., Approximately 650 meters from the actual
point of explosion (airburst). (Photo File #HE 112 (K).)
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Fig. 8 (5H)--Prison outer wall "Shadow." | 2300 meters. The dark color of the )
far wall is its appearance before the explosion.. Much of the lichen has been -
killed in the path of the hea.t rays. The dead lichen has a very light grey -

color. On the shaded wall, at the left, in its living state, it has a dark
appearance. (Photo File #B:E 1s5.)
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Fig. 9 (5H)--Prison. Shadows of water pipe. Horizontal shadow cast by the
transverse pipe; vertical shadow cast by the projecting lath to the right of
the vent; vertical and horizontel shadow cast by the "L" pipe. Study of
these "shadows" gives information concerning the lateral and upward angle of
the center of the explosion. By triangulation, the position of the center
was determined from such data. (Photo File #HE 11k4.) ‘
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Fig. 10 (5H)--Gas Tank. 2300 meters. Shadows produced when the radiant heat
changed the paint of the tank from black to grey. Note the unburned section
of the asphalt tank at the left. The triangular shadow is that of a build-
;ng that was destroyed shortly after the flash by the blast. (Photo File

HE 120.) . . o :



Fig. 11 (5H)--1700 meters. Shadow cast by the window frames in the Post-
Office Savings Bank. People in this building were said to have been
burned through the window.glass. (Photo File #HE 137.)
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12 (5H)--Shadow cast by valve on gas tank.

#HE 138.)

(Photo File

' 2300 meters..

Fig,

¥
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matély 2.2 kilometers from the center of the explosion.
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Fig. 13 (5H)--Shadow of ladder burned on gas tank at Minami-cho , a.pproxif- o
#HE 135.)
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'Fig.vlh (5H)-~Gokoku Shrine (300 meteré). General view of pedestal of a'guar-

dian dog at the shrine. The granite that was shaded retains it polish on the
left side of the pedestal at the several levels; that which was exposed to
the radiant heat is rough and light in color. This suggested to Japanese
experts that at the surface of the granite, the temperature was as high as
2500°C. (Photo File #HE 108.)
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Fig. 15 (5H)--Gokoku Shrine (300 meters). Sighting along the line of Jjunction
of the polished and roughened granite directly toward the center. Note the '
triangular metal tower near the point above which the bomb exploded. This
was sighted from the opposite side in Fig. 18 (5H) by &, similar procedure.
(Photo File #HE 111 (K) ) :
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Fig. 16 (5H)--Railing near top of Business Men's Club (300 meters). The
railing has cast a double "shadow" caused presumably by an umbra-penumbre
effect of the "ball of fire." The broad pale line nearest the observer
represents the umbra, the darker line is the penumbra. That these effects
~are not artefact is shown by the fact that the line stops near the left of
the photo at & point corresponding to the shadowing effect of the upright
wa.ll at the left. (Photo File #HE 119b.)
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Fig. 17 (5H)--Bantai Bridge (1000 meters). White "shadows" left when the
surface of the asphalt was darkened by the heat waves produced by the ex-
plosion. (Photo File #EE 100.)
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Fig. 18 (5H)--Bantai Bridge (1000 meters). The "shadow," centered upon the
upright which produced it, pointe directly toward the center of the explo-
sion. Compare with Fig. 15 (5H), where the triangular steel tower near the

center is seen from the opposite side.

(Photo File #HE 102.)
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Fig. 19 (5H)--Bantai Bridge (1000 meters). "Shadow" of a human being on

the asphalt of the bridge.

B

(Photo File #HE 103.)
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Fig. 20 (5H)—4Bantai Bridge (1ooo meters)
chalk. (Photo File #EHE 105.). -

Same .as Flg. 19, outlined in
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Fig. 2]-.’,,-(5H)+Ba.ntai Bridgei‘. _ Man standing on the outlines of the footprints
shown in Fig. 19. Photographed in flat light. (Photo File #HE 10L.)
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of a cart and human beings.

"

"Shadows

)

#HE 106

)--Bantai Bridge.

Fig. 22 (5H

(Photo File
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Fig. 2k (5H)--"Flash burns," effect on orange (2600 meters)., This

is analogous to the burning and subsequent scarring in the human skin.
The burn in this instance did not penetrate deeply enough to kill the
plant. (Photo File #HE 139.)
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Fig. 25 (5H)--Iida. Age ?. Male. 2000 meters. (See Figs. 26 and 27.)
Mild keratitis and conjunctivitis. This was one of the few. patients in
whom the lesion persisted until October (8 weeks after the bombing).
(Photo File #HP 1llh5c. )
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Fig. 26 (5H)--Iida. Age ?. Male. 2000 meters. Patient was in & run-
ning position dressed in military uniform. Rays recelved from left and
- : anteriorly. Slight keratitis of both eyes (see Fig. 25). (Photo File
- #HP 145b.) .
- - 175




Fig. 27 (5H)--Iida. Age '?. Male. 2000 meters. Patient's head pro-
tected by hat (compare with preceding figure). Shading of submandibular

'region. Clothes protected the lower portion of the ‘meck. Note the in-

tense mask-like pigmentation common at this distance., The pigment is
most intense at the margin of the lesion. Just outside of the skin it is
even paler than elsewhere. (Photo.File #HP 145a.) . . .
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Fig. 28 (5H)--Kosugi. Case #0-11170-R. Age 17. TFemale. 1700 meters.
Wearing white half-sleeved shirt and white slip and black mompe. Flash

~burns. Typical profile burn. Depigmentation sharply outlined by pig-

mented tissues in a very narrow band. The line of the burn extends

’-upward on the chin, The darker material in the peri-aural region is not

-pigmented tissue, but is a crusted exudate and keratin. (Photo File
#EP 117 (K).)
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Fig. 29 (5H)--Name and distance from bomb unknown. "Flash burn" of back.
Note that the long hair has protected the patient's head. Crusting,
cracking, and darkening of the skin, The burn is nevertheless superficial
and edema is not a striking feature. Date of photo probably mid-August,
but exact date unknown. (Photo File #HP 140.) :
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Fig. 30 (5H)--Name and distance unknown. "Flash burn." The burns seem
deeper than in the preceding figure. - The short hair in the present case
did not protect the scalp. Date of photo probably mid-August, but exact
date unknown. (Photo File #HP 142.)
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Fig. 31 (5H)--Sasomoto. . Case #H-6069-U. Age 27. Male. 1400 meters.

Soldier, standing in the open, clothed in khaki uniform. "Flash Burns."
Depigmentation at center of "profile burn." Protection by collar, with
sharp neck line. Double contoured margin at lower border of the burned

- areas (hyperpigmentation-depigmentation). Scarring in region of elbow.

(Photo File #HP 101 (K).)
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Fig. 32 (5H)--Hayashi.. Case #H-6054-U. A&ge 47. Male. 1500-2000 meters..

~Patient, a soldier was riding a bicycle. Was wearing a shirt, trousers,

shoes and stockings. "Flash Burns." Typical V-line of burn of neck. .

‘Burn beneath the clothing, most severe where tightly stretched, in path. .

of the ray, as at right shoulder in this instance. Sheded (supragthygoid)
portion of neck is spared. Scarring with contracture at right elbow.
No evidence of radiation. (Photo File #HP 100 (K).)
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Fig. 33 (5H)--Kambara. Case #H-6079-U. Age 18. Male. 2100 meters. _
"Flash Burn." Sharp demarcation. Scaling and some scarring over most ' -

of the burn. Pigmented outline. Narrow band of paler skin on the out-.

side of the line of pigmentation. Epilation in the burned area. Pro-
tection by hat. (Photo File #HP 102 (K).)
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Fig. 3k (5H)--Kambara. Case #H-6079-U. Age 18, Male. 2100 meters.
Leg: Typical "flash burn." Depigmented area, red at center, white
marginally, outlined by dark brown narrow, pigmented band. Narrow zone.
of depigmented tissue externally of this. Scarring with keloidal cha.nges
at center. (Photo File #HP 103 (K) ) . , e
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Fig. 35 (5H)--Shinsho. Case #0-10282-P. Age 43. Male. 1500 meters.
Patient out of doors near wooden buildings. Wearing white half-sleeved

"shirt. "Flash burns." Sharply demarcated "profile" burn of arm. No

burns of the skin where fingers were in contact. Coppery red slightly
projectlng tissue at the center. Narrow hyperpigmented band at margin.
Note that scarring has occurred in the distal portion of the arm where
it was naked. In the upper arm which was protected by white shirting,
there 1s no scarring, and only slight depigmentation near the center

of the lesion. (Photo File #HP 110 (X).)

18,




¢

©

L o _
Fig. 36 (5H)--Takemoto. Case #0-10281-P. Age 49. Female. 1400 meters.
Flash burns. Left side of face. Bomb to left and anteriorly of patient.
Deep. chocolate brown mask of pigmentation. Sharp v-line of neck. Burns
over left deltoid region. Protection by shading of upper part of neck.
In this dark-skinned .patient there is only slight depigmentation in the
central parts of the lesion without scarring and particularly da.rk pig-
mentation elsewhere. (Photo File #HP 109a.) :
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Fig. 37 (5H)--Takemoto. Case #0-10281-P. Age 49. TFemale. 1400 meters.
Flash burns (compare with 36). Right side of face. No burns of right
shoulder. Burns of face extend only slightly upon the right side. (Photo
File #HP 109b (K).) ' . :
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' Fig. 38 (5H)--Enemi, Case #S-11259-Pr. Age 30. Male. 2300 meters.

Patient wearing blue long-sleeved prisoner's coat and shirt and a blue..
cap which was scorched. "Ray burns". Typical profile burn with deep
chocolate-brown pigmentation, Very sharp outline. Protection of upper

portion of neck by mandibular shading. Note that nasolabial groove and

lateral nasal groove were protected by the projecting adjacent parts.

No burns beneath the clothing at this distance. (Photo File #HP 112b (K).) |
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Fig. 39 (5H)--Enami. Case #11259-Pr. Age 30. Male. 2300 meters. "Flash
burns." Mask burn of right side of face and neck. Protection of sub-nasal
and sub-labial regions by shading. Patient is attempting to demonstrate

this point by retracting his lips (see Fig. 38). (Photo File #HP 112a (K).)
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Fig. 40 (5H)--Okida. Prisoner. Case #5-11360-Pr. Male. Age 55. 2300 meters.
Wearing long-sleeved blue undershirt and a blue cap which was charred. "Flash
burns.". Bomb to right and anteriorly of, patient. Typical dark red-brown
"Mask." Burns of the projecting deltoid and pectoral regions. Protection by
shading of sub-mandibular regions. . (Photo File #HP 113 (X).)
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Fig. 41 (5H)--Narumi. Case-#5-11377-Pr. Age ?. Male. 2300 meters. "Ray:

burns." - Dark chocolate brown pigmentation of left side of face. Much
slighter pigmentation of the upper eyelids as compared with the tissue
Just beneath the brows. - Presumably the lids were closed before serious
burning could occur. Patient is raising his eye-brows to demonstrate this
point. (Photo File #HP 114 (K). )
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Fig. L2 (5H)--Maeda. Case #3-11378-Pr. Age 40. Male. 2300 meters.
Prisoner, wearing blue coat and trousers. Flash burns. Typical "profile”
burn. - Shading by mandible and collar. Burns of the deltoid and trapezius
regions over which the clothing was tightly stretched. Characteristic
pigmentation (see Fig. 43). (Photo File #HP 115a (K).) '
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Fig. 43 (5H)--Maeda. Case #5-11378-Pr. Age 40. Prisoner. Male. Flash

burns (close-up): Detail of shoulder. Mottled depigmentation in central ’
portions where the burn was most severe. Hyperpigmentation elsewhere, ' “
but again there is a narrow zone of depigmentation between the normal

skin and the burned area. (Photo File #HP 115b (K).)
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Fig. 44 (5H)--Namba. Case #H-11741-OM. Age 21. Male. Between 1000 and = . , i
1500 meters. Patient wearing Japanese khaki uniform. Left shoulder burns oo o

- through clothes. Depigmented tissue at center, surrounded by zone of hyper-
pigmentation, which in turn is outlined by depigmented tissue that blends ’
with the normal skin. (Photo File #HP 122, )
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Fig. 45 (S5H)--Miura. Case #H-6306-U. Age 19. Female. 1800 meters. Stand-
ing outdoors in the open. "Flash burn of face." The burned area in this
~light-skinned individual is bright red with faint red-brown marginal pig-
mentation. (Photo File #HP 104 (K).)

S
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Fig, 46 (5H)--Akematsu. Case #0-1097-P. Age 21. Female. 1400 meters. Out

of doors in the open., Wearing red-patterned silk half-sleeved blouse and .
white cotton slip and mompei., Blouse became charred. "Flash burns." For-
mation of keloids. Copper-red tissue at center. Dark red-brown hyperpigmented
zone at margins of the lesions in this light-skinned patient. Some protection
afforded by sesms of the blouse and by straps of the undergarment or mompe.
(Photo File #HP 1lla (K).). : . .
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Fig. 47 (5H)--Akamatsu. Case #10976-P. Age 21. Female.
burns." Close up of Fig. 46. (Photo File #HP 111D (K).)

1400 meters. "Flash
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Fig. 48 (5H)-~-Fuchimoto. Case #H-11739-OM. Age 21. Male. 1000-1500 meters.
Outdoors in the open wearing military uniform, hat and shoes. Some burns of
back through the clothing. Slight epilation. WBC on 28 August wvere 2400;
WBC on 5 November were 5400. Typicel "profile burn" with depigmentation and
scarring. (Photo File #HP 120.)
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Fig. 49 (5H)--Sano. Case #H-11725-OM. Age 23. Male. 1000 meters. Out of
doors in open. Wearing soldier's uniform, hat and shoes. Typical profile
burn. Chondritis of ear, with scarring. Burms also through khaki uniform
in scapular region. Epilation 20 August 1945, well on way to regeneration on
28 November 1945. WBC 28 August were 1200; on 5 November, 5400. (Photo

File #HP 119.) o ' -
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Fig. 50 (5H)--White Japanese rice paper with black characters charred
through as a result of selective absorption of heat rays at 2300 meters.
Japanese characters say "Arai House." This was the name plate of teacher
Aral on the door of his classroom. (Photo File #HS 104.)

199




' Fig. 51 (5H)--Kawamura. Case #35-9204-0U. Age 21. Female. 1600 meters.

"Rayon blouse. Action of heat rays. Charring and scorching of dark blue

‘portions of the polka-dot pattern; minimal effect on the white background.

Note that some of the polka-dots have been completely burned through. o A

‘Others -are partly scorched. The patient was also wearing a white slip

and black mompe. Second degree burns were sustained of the chest and
of the exposed face, right forearm, and hand. (Photo File #HS 101 (K).)
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Fig. 52 (5H)--Matui. Case #5-8587-0U. Age 46. Female. . 1700 meters.
oy Rayon blouse. Action of heat rays--charring and scorching of the dark .
- (blue-black) stripes; less effect on the light grey stripes. Folds. of

this garment on the side away from the bomb were in the path of the rays.

On the near side, a portion of the cloth was charred. Patient suffered s

second and third degree burns of the chest, underlying the charred cloth
vhere it was tightly stretched over the skin, and also of the exposed
face, chest, arms, and neck. (Photo File #BS 100 (K):)
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Fig. 53 (5H)--Shibata. Case #5-10034-N. Age 21. Female. 1800 meters.
Cotton blouse. Pattern of red roses with. green leaves on light pink back-
ground. Action of heat rays. Charring and scorching of red portions of
" the pattern. Less effect on the green and least effect on the white back-
ground. This probably results from darkness of shade, rather than color.
Patient was also wearing a white, long slip and black and white mompe whose
black parts were partly charred. Second and third degree burns occurred on
the exposed parts of the left arm and beneath the charred portions of the
cloth, These multiple small burns had become confluent on account of infec-
tion and had healed by the time the photograph of the blouse was made.
There were burns also on the left thigh beneath the charred cloth and on the
exposed portions of the left arm and left side of the face. (Photo File
#HS 102a (K).)
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‘Fig. 54 (5H)--Shibata. Case #5-10034-N. Age 21. Temale 1800 meters.
blouse. Close-up of sleeve. (Photo File #HS 102b (K).)
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Cotton
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Fig. 55 (5H)--Ushio. Age ?. TFemale. "Flash burn" of back reproducing
the pattern of the clothes. The darker portions of the material have ab-
sorbed more heat which has produced the linear burns. A portion of the '
actual garment the patient was wearing is shown in the next illustration.
The darker material has become charred. Note that the burns of the ex-
posed parts of the face and arm are much more severe than the skin beneath
the cloth. The distance of this patient from the bomb is unknown. (Photo
File #HP 138a.) '
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- Fig. 56 (5H)--Ushic. Age ?. TFemale. A portion of the patient's blouse.
« ' The darkest parts of the pattern have become charred. Compare with pre-
ceding figure. (Photo File #HP 138b.)
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FTig. 57 (5H)--Kitsunai. Case #0-8330-P. Age 20. Female. 1200 meters.
Indoors on top floor of four-story building. "Flash burns" and hesled
lacerations. Patient clothed in the outer garment she was wearing at the
time of the explcsion. Charred portions of the kimono have fallen away.
The lighter lozenges of the pattern are relatively resistant to the char-
ring. Note that the burns have occurred where the clothing was tightest,
with no particular relation to the intensity of the charring effect on
the garment, This 1s obvious in the case of the loose sleeve over the
mid-portion of the upper arm where charring has occurred, but where there
are no burns of the skin. (Photo File #HP 108a (K).) 206
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™ Fig. 58 (5H)--Kitsunai. Case #0-8330-P. Age 20. Female. 1200 meters. '
"Flash burns." Relation of burns to charred portions of clothing. Burns

~are most extensive where clothing was tightest (deltoid). Protection by
strap of underclothing and by seam of the kimono over right shoulder.
Intense pigmentation with little scarring. Note also multiple small ‘
healed lacerations produced by flying glass which penetrated the heavy
germent. (Photo File #HP 108b (K).)
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Fig. 59 (5BH)--Autopsy Key #23. Satoi. Case #H-61T76-U. Age 20. Male.
1000 meters. Died 31 August 1945. Epilation began 27 August, followed
by petechiae and fever. WBC on 29 August = 3,330 and bleeding time = 28
minutes. WBC on 31 August = 45 and RBC = 2.30. (Photo File #HP 14k4.)
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_Fig. 60 (5H)--Hashimoto. Case #H-6135-U. Age 21. Male. 1000 meters.
Indoors. Epilation appeared on 18 August. Gingival hemorrhages and
petechiae of skin began on 29 August. Step-like rise of temperature
beginning on 31 August. Necrotizing tonsillitis noted on 1 September.
Delirium on 2 September and death on 3 September 1945. Laboratory
data on 3 September; RBC 2.08. Hgb. 40%. WBC 1900. Platelets 10,400.
Bleeding time, 46 minutes. Photo taken two hours before patient died.
(Photo File #HP 135.) : ~ T -
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Pig. 61 (5H)--Ogami. Age ?. Male. 1000 meters. Necrotizing and hemor-
rhagic gingivitis, epilation, petechiae. (Photo File #HP 137.)
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Fig. 62 (5H)--Okita. Male. Age 24k. Case #H-6011-U. Healing gingivitis.
There are some grey zones of scarring on the gums, which are still slightly
swollen but no longer painful. Gingivitis began on 30 August, with pain and
redness, but no bleeding until 11 September. Thereafter the lesion partly
healed. Patient discharged from Ujina Hospital on 4 October. There were
still some superficial ulcers of the buccal mucosa when he was seen at his -
home on 24 October. (Photo File #EP 124b (K).)
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Fig. 63 (5H)--Autopsy Key #42. Moriseko. Case #H-6003-U, Age 33. Male.
1200 meters. Died 6 September 1945, 32 days. Necrosis and hemorrhage of
tongue, petechiae of skin (1 day's duration). Epilation (11 days' duration).

WBC on 27 August = 900.
#HP 139.)

Platelets on 31 August = 22,900. (Photo File
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212



¥

o

¥

3

o E
oy : R |
Wmormin, - N

Fig. 64 (5H)--Maekawa. Case #H-6730-U. Age 25. Male. 600-700 meters.
Indoors on second story of 2-story Japanese building. Nausea and vomiting
began on day of bombing. Epilation began 20 August. WBC at end of August
was 6400. Lowest recorded WBC 4300 on 24 October 1945. Slight downy
regrowth of hair has already begun. Compare with Fig. 65. (Photo File
#HP 105a.) ' i -
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Fig. 65 (5H)--Maskava.

Case #H-6730-U. Age 25. Male. 600-700 meters.
Epilation, partial regrowth of hair. Compare with photo of 25 October 1945
(Fig. 64). (Photo File #HP 105b.) o :
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Fig. 66 (5H)--KaJjiyama. . Male. Age 29. 800 meters. Standing indoors in
Japanese building. Epilation began on 26 August. The hair is downy. Note
that there is loss of the hair upon- the nape of the neck, as elsewhere.
Nevertheless individual fine hairs are present everywhere. There are no
coarse hairs as shown in the next photograph. The dark spots on the soalp
are moles, not petechiae. (Photo File #HP 118a.) g -




Fig. 67 (5H)--Kajiyama. Case #H-6077-U. Age 29. Male. 800 meters. Standing

indoors in Japanese building. Epilation began 26 August. Partial regrowth of
hair. Compare with Fig. 66 (25 October 1945). The strong new hairs are widely
and uniformly scattered over the head. (Photo File #HP 118b (K).)
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Fig. 68 (5H)--Kadono. Case #S-7272-UJ. Age 14. Female. 900 meters.

"Sitting out of doors behind a stone gate or column 1.5 meters high. Epila-

tion in 14 year old girl. Slight burns. She had the least radiation
effect in her class of 45 girls, a1l but six of whom had died. WBC on
10 November were 8500. (Photo File #HP 116.) -
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’ Section 5N - |
 CLINICAL OBSFRVATIONS IN NAGASAKT
Propared by George V. LeRoy, Lt, Col,, MC

Data Collected by Elbert DeCoursey,. Col,, MC, George V, LeRoy, Lt,

Col,, MC, Herman Tarnower, Major, MC, Samuel Berg, Major, MC,

John J, Flle Major, MC, Henry L, Barnett, Capt., MC, J, Thornton

Perry, Capt,, MC, and the Jepanese Members of the Joint Commission

Team in Nagesaki .
1. General: A review of the types of injuries caused by the expiosion of
the afomic'bomb in Nagasaki will be presented in this section, Particular
attention will be directed to the novel type of casualty caused by the
gomna rays emitted during the explosion, The emphasis, necessarily, must be
placed on the diagnosis and the course of the syndrome of radiation injury,
since the American Medical Officers did not arrive.on the scene early enough
to acquire personal experience.in treatment,

The approach to the elinical discussion of the casualties will be pri-
marily etiologic, It is known that the principle products of the explosion

of an atomic bonmb arc:

a. Mechanical energy, or "blast",

b. Thermal energy, which as used here, includes both heaﬁ, and

light, The normal components of sun-light; infra-red‘radiations, visible
light; and ultra-v1olet radiatlons, were emitted in the atomic "explosion",
The Spectrum of the "light" that was produced 1s said to have resembled, if
it was not 1dentlcal w1th sunullght ’ ' |

Enerpy of 1onlzlng radlatlon, whlch as used here 1ncludes only

neutrons and gamma rays.' In the reactlons attending nuclear f1581on,a1pha
and beta rays are also emitted- but tho elevntion of the alrburst, and the
physical propertles -of these partlcles are of such a nature that physicists
are certain that nelther reached the ground

With this sinple scheme it is possible to classify the casualties
that occurred as:
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Q. Hechanicol injuries. |
Do Thermal injurics.
_ Ce 'Radiation injuries. |

I;n'ma-m of the pat‘ients any combimﬁs.icn, or ell mmce :omx: of injury viere
sustained, The prmazy type, or types, of ‘nijury were CQmpliéated in pany
in_s&mces by infections, the 6onsequehces of theo loss of blcod and the nu-
’tritionall deficiencies ’izhé:b vegulted from the altered ecdi:omic conditions in
a dofested country and o paruially destroyed commmivy. From o clinical stand-
point it is neither possible, nor approp;‘c-iate to o.vtempt a geparate consider~

e.tioi; of the mapy complicd’n:ions that were obsorved. Accordingly, ‘they will be

‘treated as an inevitable feature of the varicus types of injury. Theso cail=

plicé.ti.oxis, and the coeaxistence of the thi'ee sorts of Injury have made the pre-

sentation difficult; and it hes seemed desirable to over-simplify the situation

‘wherever possible.

At ‘the time thot the U, S, Arxy and U, S. Havy Medical Officers of the

Joint Camission arrived in Negasaki (30 Sepbember 1945) most of the severely

- . Injured patients hed died, and the majority of those available for study were

in some stage of convalescence. The clinical dota for the poriod of iliness
prior to 30 Septembor vhich was used in the preparation of this section was all

obtained from the Japanese.- Hocpital end dicpensary vecords, a.utolasy. protocols,

clinical reports, and conversations with the physiciens who ottonded the casual-

ties were the original sources of information, The guostionnaires vhich were

-completed by the convalescents and by the patients who had recovered, were a

usefil source of date. Theso guostiommaires, as well as ones which wore tronse
>3 . )
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cribed from satisfactory hospitel records and ones completed for uninjured

' survivors, numbered about 6700, They were submitted to a thorough study

in the Office of The Air Surgeon, U,S,A,, the results of which are described
in the statistical section, Excerpts from this study, the Japanese source
naterial, and the personal observations of the writer and his colleagues form
the basis for the synthesis which is offered, It has been a curious problem
to descfibe injuries, and the natural history of a new disease, which one
kncws only in the convalescent stoge, and by heresay, and from the examination
of biopsy and autopsy material,

In the sections of the Report which dealt with the blood, the bone marrow,
and the pathology of the syndrome of radiation injury, the material from the
two cities was presented jointly, It was assumed, and there was good evidence
in the material, that the effects of gamma rays on tissues were qualitatively
similar in each group of casualties, In the course of studying the more copious
and detailed material relating to the clinical features of the patients, there
appeared to be some difference between the groups from each city, Rather than
attempt a reconciliation of these differences, it seemed preferrable for the
members of the Jbint‘Commission who had worked in each city to present separate-
1y the clinical picture as itiappea;ed to him and to his associates, The syn-
drome of injury éue'te'éetai’expeéﬁre‘eftthe’huﬁah body'toxgamma rays is entire-
ly novel, Since there is no ‘ea rller report 1n?£he‘medica1 literature of the

course of 1nd1v1duals 50 exposed~ and 51nce 1€fie pfdblematic when or whether

_other cases” of thls type of inJury w111 occur,it seems perfectly proper to

e

’present the avallable matorlal in ds great detall as p0551ble.'

2, Mechanlcal Inlurles.i:

Incidence' The nature of the data avqllable to the Joint Commission is
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such thet it ip dmpossible o présmt predise informstion on any of the
"al'....o?.-'z-:‘.%v poirrES: - | _
2. The total nuber of parsons vho received mechanical injuries.
, Abi. The total mémber of persons whose only injury was due to me~
clxé.nical caﬁsésa , o '
.. The incidence of vardous sorta of mechaniocd. injuries in
eitheyr o:; the i‘oregomg, £roupss
| d. The percentage of deaths duo solely to mechanical injuries,
e.TMpwwm%éﬁdwmsmpammsmom¢mmmnﬂim
Juries, as well as ingunes of other son.m | |
This infovmn.t.i.on could only huve been obta.med by the Japanecse, si.nce the
m,]or:.ty of deaths occuxrred bex"ore the arvival of members of the U, S, Armed
Forces. The ramarkabloe da.sorgam.aation of Japonese mil:.ta:'y and civilian
. medieal. personnel is rei‘lect.ed in their failure to collect adequate records
of the causes or the éircmatances of the deathe due to the atomic bombing.
~ The incidence of moshanical injury in the survivors in each ring zone is
~ shom on Pigure 1. The data were obtainéd from the questidnnaires, and the -
analysis of tho relation of m;}ury %0 location is preaented in the Statistical
Section. The data recorded on the quest:.onnawes pem:.’cted a d:.viaion of

nechanical maurz.es into "severe" end "moderate! cﬂtegoriea The latter gronp

consisted of cingle lesions, abrasions, coatusions and fractures of ‘Emall boneee ~

The percentage of the finjured' survivors who had moderate mecham.cal injuries
was 511«\'/‘3, and the ircidence o:. severe injurles was 45.3%. This dinformation
is .wt rery use'?ul, and is of no help in clarifying cmy of the points raferred

to above.
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@ R The records of the Omwﬂ dav‘.‘i Hospit 1l mrovide the only complcme
breakdom of the dlagnoses '“"d ohe owhccmc of a 1&.«1’39 serles of patients.

‘I‘he do.ta from there, ; for. the pezu.oa 9 ~ 13 August, ave shom in voble 1.

‘I‘here :.-.s no groun ol z'au:s.(-u.wn mjumes ror none were recognlzed at that

‘time. The percentage of pac:.cnts V'luh mcchan ical maurieu, 713%, and the
T pea'ca:tage in whom 'bh:f.s ws the only :maury, 57 66/:: shou..d not b'= cons:.dered
-a8 cerbainly represerzbac:we of the cond:.u.onu thaL ed.sted in Hc.gasa.}a.o S
-f'ﬁm patients in thio series were Gvacuated by hosp:.tal tram frem the
Uraka.m. Station, cloze to the cexber of bhe eeq:locrlon. It is not known
‘ ‘._,"-.,:__‘-"f,gtthether there s any selcction; or pr:.or:my for euacuation; a_r.hough the
K high fa.tal:i.t;y rate, R6%, would indicate that the se\rerely injired must have
‘been choaen., R .:-.i-;:;fi-' PR I FX 7:-;? SIeelo
The fa»aliy rate, 10.9%, for pammts wilio had only mechanical injuries
| _.ms ce"bainly 0 Llows - This rate applmed ‘only to patianto who vere zble to
o -escape from the debris of the damaged areas, and cannot. include the oncs who

N mre tra.pped inthe wreckage, or Who died insbarrbly from wmmds.
‘In the. report of the Gommnd:mg Officer of the 216 I‘ieil.d Hosp:lta:' (tomp-~
orary) (1) the percemage of patientl with vounds was glven as 70%. There
: are no records available o permit verifica.tion of this eat:!mato. Among tho -
injured aurvivore for vhom quostionnaires were completed, 64.7% had reoeived
| mhans.oa:. wums. Theso data ave discussed in detadl in the statistioal
z awm .A;.f»g .
' Al‘bhou@ 1t 1s bw no means eonclusi.vo evidmce, the recurrence of the
valﬁe, 65. - .70%, for the inc:.dence of mechanical :I.njwiea in three large
-i-groups o:t‘ patienta, seems to suggesb that this is probably the best eati-~

@ ma'be avaﬂable. _ , _ ' -
Red (l‘ Appendukn -(5) 5 (Sﬁ)‘ , | 225




TABIE 1

QMURA NAVAL HOSPITAL

- DIAGNOSIS AND OUTCOME OF PATIFNTS

 ADMITTED BETWEEN 9 = 13 AUGUST

ADMISSIONS o " DEATHS

PER CENT OF PER CINT PER CENT OF

DIAGNO3IS NO,  ALL ADMISSIONS NO. - WHO DIED ALL DEATHS
1, Wounds only 356 57,6 39 1049 2ol
2, Qumg, only 197 2846 89 5043 5546
3, W@E’ldé g:sc,l,

Burns 85 13.7 32 377 20,0
’l’@ﬁ& é@ 100.,0 %@ 2@ o0 100,0
211 Wounds |
@ giug 3) Wl 1.3
(a plus 3) 262 L2k
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It is unfortunsto thai - the Ra‘, m, of a casua tJ study 1s unzbic to pro-
vide accurate data on the incidence znd the approximate f&oallby rate of
‘each type of injury. | v |
Etiolog; c Factors':'_ In a discussion of the type of injuries resulting from |
the eocplo'sioﬁ of substances ]i‘c:e TN"‘ T, or V‘ahe usual missiles of war, it is cue-
tomary to subcﬁ.vide them into f:we categories as fol lcv:s. _ |

a) Primsry, or air blast :mgur:.es. The sa.ngle type of lesion uniformly

present is "bruleing and rupture of the lungs®.(1) Other lesions occur in
the viscera, the central nervous Sys'bem, and the auditory apparatus.

b) Primarv, or flash burns, .

c, Secondary injuries, due to portions of the casing which contained the
a:plos:.ve.

d) Secondary injuries due to fragments of stono, buildings, vehicles, etc.,

vioilently displaced by the explosion. ‘This category includes injuries caused .
by the céllapaé'of build:lngs s otc.

'e) Secondary mjﬁries, incurréd’ when the victim is violently displaced,
“and strikss the ground, buildings, a.nd other obJects. |
| In the case of an ordinary explosive , like a large aerial bomb, the blast
consiste of tfao phases: a positive, or compress.;on phasae, with a dwration of
the order of 0,006 seéonds; and a negative, 6r suction phase, with a duration
of the order of 0.03 seconds.. The blast wave that is formed is a very fa.st,
intense sound wave, which éuick]y slows down to the spesd of sound. Its ine
tmeity decreaces as the square of the distance. The peak pressures which

can be measured nay be of t he order of 50 or more ‘atmoepher'ea.(z).

(1) Hooker, D.R., "Physiologicel Effects of Adr Goncusaion" ~Am, Jo leaiol.
67: 219-27, Jan., 192.
(2) gorey, E, L. "Medical Aspects of Blast!, U. S. Naval Med. Bull, 463

» 1946,
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The pressure in the negative phase can never exceed one atmosphere, Ime
mediately surrounding the explosion there is a "zone of brisance" whose size-
varies with the amount and character of the change, Inside this zone,
people, buildings, instruments, etc, are disintegrated and the pressures
occurring there can only be a matter of conjecture, Beyond (and including)
the zone of brisance, there is‘a region in which the heat of the explosion
causes flash burns, In the case of a charge of approximately lOOO 1lbs of
TNT, the "burn zone" has a radius of the order of 80-100 feet, Patients who
are outside the region where burns can be received seldom have air blasf in-
juries, The majority of the wounds due to high eiplosives are secondary in-
juries (c, d and e) caused by secondary projectiles, the violent displace-
ment of the vietim, or collapsing buildings, This brief review of the medical
aspeets of ordinary explosions has been presented as a preliminary to the
discussion of types of mechanical injuries that wefe caused by the atomic
bomb,

Until the results of the first atomic bomb test at Bikini are available
it is impossible to quofe accurate figures for the peak blast pressure, the
duration of the blast, or the amount of hezt evolved, Some use can be made
of the calculations by Japanese phys101sts who visited the two cities, The
duration of the. blast is nlven varlously,as from 0,01 to 0.1 seconds, The
peak pressure on the ground dwrectly beneath the explos1on, and at various
distances from the point were calculated by Prof, Tanaka of the lehina
'laboratory and are shown 1n Table 2 }_;f S

The ablllty cf pressure of thls maénltude to cause air blast 1ngury of

‘varlous types.is uncertaln It issaid (1) that at least 15 atmospheres of

(1) Personal communication, Prof. S, Zuckerman, RAF explosive expert,
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over-pressure received face on, are required to produce typical blast injur-
ies to the lungs. It is also said that more then this amount (1) is re-
quired to cause rupture of the intestines, No reliable case reports were
obtained in Nagasaki.of patients with pulmonary or visceral injuries attrib-
utable to air blast, One eye witness report has been widely circulated and
exaggerated, to the effect that some of the dead at an air raid shelter 300
meters from the center, had ruptured eyeballs; and that their abdomens were
split open and the viscera exposed, A member of the Joint Commission in~-
terrogated survivorsiaho had been inside the air raid shelter when these cas-
ualties were reported, He verified the presence of the dead people, but
flatly denied the reported findinge. *
TABLE 2 A
BLAST PRESSURE GENERATED

By
THE ATOMIC BOMB - NAGASAKI

(1,0 Kg/em® equals one atmosphere)

LOCATION PRESSURE
Below the bomb | 6 -8 Kg/cm?
400 meters from center: " 2.0 Kg/en®
500 meters from center:. © - . -~ 10 Kg/cm®

1000 méters~fr6m-één£ei-'r*" j;' ?”;,“fi;o 130 Kg/bm

The occurrence of runtured ear drums was the subJect of investlgatlon
because of 1nterest in the amount of over-pressure generated by the ‘bomb, In
the' early medlcal reports from Nagasakl there are no. SPGCIflc data, but one
frequently encounters 1n Japanese reports the statement that there were only a
"few patients,w;th:ruptured;tympani" An otologlst from Tokyo Imperlal
(1) Corey, 1oc, cit, The reference was to pressures of immersion blast required

to rupture intestines: the values found were in excess of 250 1lbs, per sq,
inch (16 plus, atmospheres)
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- University, Dr. Ka.shiwad&)atudied the problerm among survivors, during October |
~ with thé,followixxg results. (See table 33); It is true that this was not a truly
representative sample, but it ié the betzt, data a'}ailable on the incidence of
the lesion. There was no xéa;;‘r to 'det.erm;'z.né v:heéher the ruptures observed were due
%o the stomic bomb Aor to the detonaﬁidn of expidsive material of one s?rt or

‘ another.

TABLE 3 B -
, NAGASAKY . -
. DNCIDENCE OF RUPTURED EAR DRUMS TN SURVIVORS |
|  DISTANCE PROM CENTER, METERS
0=500 __ 500-1000 1000 plus __-Total
With ruptured drums Sk 10 0
Wiﬁhout ruptured drums R hO N, g ns - 29
Total cases examined b 125 29 198

Per cent with ruptured drums . 9.0 8.0 0 7.0

The amount of o_ver-preséure neceséary to rupture the nmg human ear drum
is not definitéiy Known, but the tm-honored'figue of 7 pounds per square inch
(0.5 kg/cm? would appear fairly acéurate, aﬁ least as regards blast in a.ir"} (&)]
In pracbice many war ships have liries painted on the deck around gun positions.
to indicate the distance to vhich this degree of pressure occurs. In the report
rendered by Kashiwado, he cited the work of Zalewski (3) on the ear drums of
6ade.vers-.' Hydrostatic pressures in 'exc.eas' of 2 atmospheres ruptured 24% of the

<

(1) Appendix 4 N (28)
(2) Corey, loc. cit,
(3) Zeitachn £. Ohren. 25: 109, 1906
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drums- between 1 and 2 atmospheres rupltured 650’"% of the drums; pressures
of various amounts less than 1 atmoephere ruptwed. only 10%; and the lsast
.pressure which iu as effective was 0,38 'Kg/cmz. The correlation of these data
.Wiuh Kashiwado's findings are surprz.s:mg‘!.y good.

| S a.ppea.rs from the foregoing that the amount of overop"essurc vihich

acccmpanied the blast of-the explod:mg atomic bomb caused the rupture of ear

~ drums in some patientée The épparem absence of othor clinical evidence of

alr blast injury is in accord with the presgure changes cited by the Japanese
phyeicists, o |

| Just as :m 't.he case of other high explosive weapons, the maaorit.y of
the c asualties that occurred in Nauaeaka were eecondary, No instance was

found by the Joint Coxmission, and none wes reported by the 'Ja.panese s Where

injury was caused by fragments of the metallic housing of the bomb, Accarding

to one of the physiciaté (1) the heat of the fission reaction was so intense
thab all the metal of the bomb caeing was vaporized at once,

The mechanical mjur.».es that occurrad were secondary injuries of the

- last two types due to flying debris, fall:i.ng buildings, etc.; or due to vi-

olent displacemeht of the patient with wdum_ie resultiné from striking the
gﬁound or other sqlid'objec’ca.' Of the latter type there is little precise
information., Many of the eye witnesses deacrlb_ad'being thromn to the

| ground or being blovn across & room. However » among the questionnairea-ogl—-

lected from 3800 injured survivors R there were very few in whom the wounds

" gttributed to viclent displacement were more Serious than abrasions or con-

tusions.(2) None of the patients with fractures attributed them to the '

(1) Personal communication, Profo V. F. Weiskopf, Massachusetts Instn.tute

of Technology.
(2) See Appendix 3N
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results of being thrown about by the blast,

Since nearly all the méchanical injufies were due to the collapse of
or damage to the various types of buildings, it is Qf interest to learn
the degree ofvviolenCe with which the damage océurred. The contemporary
accounts provide no information at all, There is no record of large por-
tions of buildings or trees, or pieces of mnchinery being blown long dis-
tances as is the case with heavy explosions, like those of ammunition ships,
The engineers with the British Mission to Japan (1) stated that most of the

debris from a demolished building could be recognized close to the original

site; and that there was no sign that sizeable fragments were blown any

great distance, One bit of tangible evidence that the Joint Commission
discovered that demonstrates the violent displacement of fragments of one
sort is illustrated in Figure 2, The missile shown is a piece of
wood which was blown into the boards of a fence, The fact that this stick
was not there prior to thé atomic bomb explosion is indicated by the absence
of a shadow similar to those cast by the weeds which grew between the fence
and the burst, It is apparent that if small pieces of wood were hurled about
with sufficient force to penetrate a board, they would also be capable of
inflicting serious injury to e perscn,

- It is as diffiéult to enumerate the agents which caused the mechanical
injuries as(it'wasjﬁéldetermine the number and variety of them. The reader
will do wéll fb“Cbnéid§f £hat ahything which entered into the construction
of any of the buildiﬁgS'participated in the production of the injuries, Ap- -

parently the most numerous type of injuries was due to flying fragments of
(1) Report of'the,Bfitish Mission to Japan, War Office, classified,
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glass, In some of the patients, the number of lacerations due to this cause
was very great and in spite of the small size of the individual wound, their .
depth and multiplicity created a serious condition, The role of the

various types of building in the production of casualties can be shown |

in pictures better than it cén be described, See Figures 3,4,5;6,7,8,9,10,
The graph im Figure 11 shows the incidence of mechanical injuries in

neople who were inside buildings, compared with the incidence in those

who were outdoors. This subject is presented in detail in Section 9,

The tabulations of injuries reported by the survivor group do not give a
true picture of  the situation, tOf it is certain that tﬁe most severcly
injured had died long before the questionnaire study was begun,

In general it may be said that the type of mechanical injuries incurred
by the victims »f the atomic bomb depended to a large degree on the sort
of buildings which they occunied, The fatality rate énd the casualty rate
for different types of buildings totally demolished by high explosives has
been determined in England,(l) It is unfortuhate that the data obtained in
Japan is not sufficiently detailed to permit of similar caleculations,

There is one aspect of the mechanical injuries which is not surmarized
in the statistical section but which deserves general comment: namely the
role of wound-infection in increasing the disability and the fatality rate,
The disorganized conditions in the city, and the destruction of the Hospital,
and the death of perhaps oﬁe—half the medical personnel, plus the deficienecy
of sulfoﬁami&es>contribpted to the development of a situation where nearly
every wound hecame infectod. In the hospitals that were visited, screening

of the wards and dressing rooms was not practiced, and although the medical

(1) Report of HE incidents, Classified, RAF Reports.
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attendants manipulated the wounds and dressings in a cleanly manner, the un-
hygienic environment was apparent. Japanese physiclans told the members of
the Joint Commission that wound suppuration was very frequent; ahd in the
patients with radiation injury also, it was nearly universal, The effect
on the death rate is not ascertainable, An interesting fact was the very low
incidence of tetanus in spite of the inability of the doctors to administer .
anti-tetanic serum, At the Omura Naval Hospital, there were only 3 cases of
tetanus. among 758 patients who were treated, At the 216 Field Hospital
(temporary) in Nagasaki City there were 4 cases among the 350 patients ad-
mitted.

SUMMARY

1, The extent to which mechanical injuries contributed to the total
killed rate and the total casualty rate cannot be determined accurately,

The best estimate poss1ble is that 64-70% of the casualties were mechanical
injuries.

2, Over-pressure due to air blast (or concussion) was not an important
cause of ‘injury, The maximum peak pressure was of the order of 8 atmospheres,
an amount which is capable of causing little damage obther than ruptured ear
drums, |

3. The bulk of the mechanlcal injuries were of a secondary type, and
of these the magority were due to the demolition and damage of bulldings.

4. In general the nature of an 1njury was determined by the type of
bulldinv respon31ble

5. The commonest tyne of injury was laceration by small fragments of
glass, ‘ - ‘

6. The-mérﬁidity and the mortality due to the Qounds was undoubtedly
increasecd by the very high incidence of wound infection that occurred,

| 234
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(3) ihermal injucies.

gidence: The type of data available to the dc-:mt Comm.) sion vias such

that it is impogsible to pnc.;eroi; precise 'Lnformtlon on any of the following

" points:

{@.) The total number of . per*on who - repplved thermal :mjurlea.

~ €b) The_ _tétal nurbar of percons whose only injury was a burn.

(c) The incidénce of flash‘ burne ané flame burns in each of the foregoing
groups. " , \

" {d) The incidence of first, _aeccnd and third degree burns of either type,
in each of the i‘orego:.ng groups. | V |
| (e) The percentags oi‘ deaths due solel; to one or the other, or to both
types of burns. A

'(f)‘ T‘ne‘percenta.ge of deaths of patientsl who héd burns,‘ as well as other
gorts of injuries; |

{g) The percentage of burned patients vho had radiation :.njury, and the
i‘ataJ ity rate of this group.

The failure of the Report to provide any of this mfomation with a sat-
isfactory degree of accuraoy is a serious defect s which nmst be attributed
to 'b's’;:a inadequate recordsl that were kKept bj/ the Js.pé.nese after the bombing.

It world be possible to offer the seme sort of rough estimate for the total
nueber of burns, a8 Was ‘done in the case of mechanical injuries, but the high

mortelity rate of burnad patients during the first few weeks, and, in par-

ticuler, the high mortality among the most exposed groups, makes such a cal= |

culation very unrsliable,
‘The thermal injuries may be divided into two categories: first, those

cauced du-ectly by the heat generated by the bombs, the flash burns; second,
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those caused by the fires that started in the damaged buildings after the i

bombing, The flame burns, The questionnaires collected by the Joint Com-

- mission were completed in such a manner that it was not always possible to
determine which.source of heat produced the burn, In 970 records, the type
of burn was adequately'describéa_ Of thoese, §6% were flash burns; and 4%
were flame burns, In 348 of the records the etiology of the burn could not
be determined, There was no reason to think the latter group differed from
the others, so tﬁat for practical purposes, all the burns were considered
flash burns, Of the flash burns, 59.8% were described as moderate and 40,2%
as severe., Since the entire group.were survivors, this breakdown has little
meaning,

Certain data were collected at the Omura Naval Hospital which give some
statistical information on the burns, The original data were not available
for verification by the Joint Commission, and the figures are offered with
reservation, Of the 758 casualties treated there, over a periocd of 7 weeks,
431, or 57% were burned. In Table 2 is shown the relevant data on this group,
reported by Surgeon Lt, Comdr, N, Fukuhara, Table 1, page 6, contained the
diagnosis and the outcome of the 618 patients at Omura Naval Hospital who
were evacuated by hospltal traln during the first 5 ~days after the bombing,
It will be seen that 42% of ‘those vere burned, while when the total exper-
ience of the hospltal is reported 57%'of the patients were burned, Comparing
these tables it is seen that affter 13 Augubt 140 more casualtles were ad-
mitted, while the total number of bd&n cases increased by 169 These intern-
al inconsistencies in Japanese reports were common, and cause one to view all
related data skeptically, ihe_flgures ;n Tab%g 1 were verlfled from trans-
lated recordé; thoée in Table 2 Qere not, - |
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a sizple basis of the expected diagnosis and outcome of 100 @sualtics who
were evacuated from the city, as shown in Teble 3, . R

TABLE

EXPECTED DIAGNOSIS AlD QUICOME PZR 100 CASUALTIES

Cesualties, all types 200
Burned (with or withoub o P
other injuries) _ h2 '
Not burned (but with other :
injuries) 58 . .
Died with burns (with or
without other injuries) 19
Died, not burned 6
Died, all causes 25

Recovared : R -

At the 216th Field Hospital (temporary) (1) in Nagesalti, 65% of the

patisnts were burned. Of these, o0% were z-.eperted' t0 have been second ds~

greo burns, but there ere nowcords avalleble to permit verification of
thege estimatos which were centalned in a report of the conmending officer
to the Prefect of Negasakl. Theve Wa,? no data from this hospitel on the
mortality rate smong burned petients, | f | | “
Among the group of survivors for whom qusstiennaires were cempleted,
burne wers reported by 3i. 8f. : |
Theoe three percsnteges: h%, 65% and 4% are the best eotimates that %
are available of the genoral incidenco of burng among the cesusliles, 1In
the otatistical section thodata on burne in relation to distence and pro~

teotive factore are considered in detadl,
(1) Appendix 4 N (5)

18 (5N) - 238 Q
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them ‘through doors ',i'wi'r'-idoivér; et Hof ‘g'.oupv of »people "inside" the

Chashi Arms ‘Works, 34 of 210, or 1i% were burned. -Of znother group.
"ingide" the Horimachi: ‘frhs Worlks, 12 of 101, or 1%% werc burned. There
is a gensral agreement’ anciig the{availabie figures on the incidence of

flash burns -in ‘people w’hé‘*ﬂ ere indoors.  The data from Omura Naval Hosp-

.n.ta.l \Table 2) showed" tnat -l% of the‘ burned patients were indo.rs; awd

in the questionnaire study, Section 9; ‘“the incidence oi‘ burns among

peo_ple who. were inside buildizigs-w 5’ approxlmatew 12%. A comparisen

thos2 who were iin‘sidé"'f*ic'ijbzdéﬁ *ﬁﬁiﬁfﬁiﬁ’gﬁi’ﬁs’}%h"é’ﬁ; in Figure 13, The

_‘curvas “for the incidencc -of burns bf’i'i‘i:xg*_iz cnes have a curious ahape.

- In the surva.vor- goup :the* ljercenta_ge of burns is less in ring zones

1 and 2 fhere'it'is Mnown'€that the heat whs ghoatest. Theexplanaticn is

slople: close ﬁ;bf the center the burns that bcmcur‘red were more serious,

| and the case-.f,’ataiity rate was c':orrepondingly -greater, which means that,

the nurber of survivors who could be studied by the questionnaire method

-

was less. .There does not appear to have been any persons who were act-

- vally in the open, closer _"ahan 1500 meters, who were not burned, At

~ dietances closer than this s dn addition to severe burns, the pati_enta

-
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received harmul amounts of icnisming radiabtion. The cemplicabion
of a severe burn by radiation injury was unquestionably a serious
natter, and it is nob surprising that so few of these survived,

55 R
Btiologic factors: The [lame burns that pabients received from

burning debris, or inslds bnnz\mg buildings, or from burning clothmg
were not unique, and naéd not be considered in the presenf discussion.
There seems to be no reason to doubt that certain kinds of clothing did
purst into flames because of the flash of heat, and there is evident?
that this 1ncrea='ed the severity of the burns,

The term "flash burn® is applied cus’ccmarily to the lesions

" caused by brief or instantaneous exposure Yo a source of heat, Burms

of this type are generally associated with exploéions, and ai'e especially
frequent in warfare, The majority of flash burné display shadow effects
in the sense that only the portions of the body directly exposed to the
source of heat are burned, and the parts which are "in the shade" of

any heat-impervz.ous structure are uninjured Because of the brief

- duration of the heat, clothing is protective to an ex’cent which depends

on the heat-intensity and the quality of the me.terial. During World War II
naval surgeons develop,ed an anti-flash cream" a?piication of which Wés
sufficlent to protect the skin from the effects <:>f‘ f.he heat, from t_ghe
mugzzle~blasts gnd from exploding shells and gerial bomba. The burns

that occurred in Nag&saki had the appearance of Wpiqal £lash burns,

snd showed characteristically the ghgdgw effect, Theheal ~intensity af somse

v

distance, say 2000 metors,

20 {5 ‘2ho

s

N



6‘;

from the source was such that bufns'were inflicted on skin protgcted by
clothing, and on skin over which the clothing was tightly drawn,

The etiologic factors responsible for the burns caused by the atomic
bomb are different and more complex than the simple exothermic chemical re-
action of high explosives, The products of the atomic explosion which could
céuse burns are the following:

a) Heat, in the chemical and mechanical éense, which resulted from the
conversion of the energy liberated when the plutcnium nuclei underwent
fission,

b) Rediant heat which includes infre red rays, and visible lizht rays,

enitted by the incandescent mass of air, fission products and vaporized
metal from the casing immediately surrounding the exploding bomb, ke

c) Ultra violet rays, (from the same source as b)

In_Japan,vno direct physical measurements were made of the intensities
of any of these three factors, It is likely that such measurements were
nade during the explosion of the plutonium bomb at Bikini, but at nresent
they are not available, The theoreticel estimates of the fraction of the
total energy which was transformed into heat has not been announced. Cer-
tain estimates of the heat delivered to human bodies are available and will
be presented below, 'Tﬁe consensus'among physicisféris thaf the majority of
the burns wefq'caﬁsédﬁby radiant heat, The statement»was'nade by one of tﬁem
(1) that the heating of the air (i.e, conducted heat from the exploding bomb)
was not a seribus-probiém,vand that in Japan the supgrheated‘air ad jacent
to the bomb should not haye touched the ground, since‘the radius of the mass

probably ¢id not exceed:BOO meters, A number of the eye witness accounts

(1) Personal commnication, Prof, V, F, Weiskopf.
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describe the sensation of‘a‘warm or hot wind blowing agesinst thelr skin,
but it is difficult to know how to interpret this type of subjective in-
formation, The radiant heat (and light) which caused the flash burns was
not all infra red, but included the entire visible spectrum, The physical
characteristics of this sort of heat aré that:

a) It is not absorbed by aif.

b) The dissipation of it follows the inverse-square law,

¢) It is absorbed by dark-cclored substances and reflected by
light~colored ones,

Ultra -violet rays were emitted by the explosion, and in the earlier
test at Alamagordo, it was found by spectral mecasurements that the amount
was equivalent to that in sunlight, This type of radiation is absorbed to a
considerable extent by air, and in view of the brief duration of the emission,
it was the opinion of the phyéicists that the amount reaching people at dis-
tances where the heat was not instantly lethel (500~700 meters), was not
sufficient to burn the skin, Some of the early Japanese clinical reports
nmention the recurrence of conjunctivitis and keratitis during the first week

after the bomb, This condition was said to have recovered spontaneously,

and could have been an actinic,ke;aﬁ;tis, The extent to which the ultra-~
violet rays were‘resﬁonsible for the skih’pigmentation is not known,

Ina considerﬂtlon of the flash-type of burn, it 1s desirable to know the
time 1nten31ty curvc for the heat cau51ng the burns _No measurements were
made in Nagasaki, but certaln estlmates were prepared from the experimental
and theoretlcal data by a phy31cist who worked on the development of the bomb,

(1), The following assumptions were made:

(1) Personal communication, Prof, V, F. Weiskopf
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1) -Thé duration of the heat flux was 1,0 seconds,

2) The human skin acts as a black body with respect to radiant heat,

3) The heat capacify of skin and tissue is equivalent to that of water,

4) The heat conductivity of skin and tissue is equivalent to that of water,

5) The amount of heat required to destroy. tissue is the amount required
to raise the temperature from 30° to 100° C: during one second,

On the basis of these assumptions the amount of heat delivered to a body
at various distances from the bomb, and the depth to which the destructive
action (i,e, the raising of tissue temperature toAIOOOC) extended were calcu-
lated, The minimum and maximum limits that could be predicted are shown,
The raﬁge is based on the assumption that the maximum amount of radiant heat
mey have been.50% greatervthan the emount used for the minimum'value.

TABLE 4
DISTANCE AND HFAT EFFECT: TIME: 1 SECOND

TOTAL HEAT 2 DEPTH TO WHICH TISSUE WAS

DISTANCE FROM  DELIVIRED  CAL/ cn TEATED. TO_1009C, — mm

BOMB, VETERG®  WAXDMOM . MINTMUM MAXTMUM MINIMOM
500 150 100 21,0 14.0
1000 - 37 25 4.5 3,0
2000 9 6 1,4 0.9
3000 4 3 0.6 0.4
4000 2.4 1,6 0.3 0.2

*This is the linear distance from airburst to the subject.
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There is some question of the actual duration of the heat flux, but the

value shown in the table can be adjusted easily in the appropriate direction,

By the application of the inverse-équare law, the approximate calories/ cm2

‘delivered, or the depth of burn, at any distance from the bomb can be estimated.

This is a very significant table for it shows that on bare skin, a third degree
burn 2,k to 1,4 cm in depth would be receiVeq by persons 500 meters distant,
Assuming that the elevation of the airburst was 500 meters (this is the'Jap-
anese estimate) people‘directly beneath it obviously received terrible burns,
which were undoubtedly instaﬁtly fatal, At a distance of 500 meters from the
center, or approximately 700 meters from the air burst, the heat délivered

to the skin would have been 75 to 50 calories/ em? and the depth of the 3rd
degree burn 10,5 to 7 mm, The people in the yard of the Chinzei Middle School
were at such a distance, and nearly all were burned to death instantly in- spite
of the fact that they were probably clothed,

The significance of the data in Table 4 is difficult to appreciate without
some knowledge of the type of burn that could result from the amounts of heat
delivered to skin at distances in excess of 2000 meters, namely 9 cal, / cm?/
sec, or léss. Information on this subject is available in a study of experi-
mental human burns by Ashe ahd Roberts.(l)f Using a.stream of air flowing
at a rate of 6 liters per minﬁte, and heated'to temperatures varying between
100° C and 500° C they 1nvest1 :ated the time-temperature relationship for the
productlon of first and second dearee burns, ThlS relationship was found to
be exponential The data fron thelr graphs has been rearranged, and is shown
in Tables 5 and 6. '

(1) Ashe, W,F., Jr., and Roberts, L B.,"Fxoerlmental Human Burns" War Med, 7:

82~-83, 1945,
(Fron the Armored Medical Research Laboratory, Fort Knox, Ky,)
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TEMPERATURE OF AIR,
MEASURED AT SKIN:

DEGREES C

00

- 200

400
500

5 and 6, it can ‘be seen that second degres burne were a theoretical posal.

‘bility at distances as groat as 2500 meters from the bomb, First degres

8.3
10,7
Granting the validity of the assusptions and of the data in Tables 4,

EXPERTMENTAL HUMAN BURNS

‘Rate of -flow§ 6 liters

HEAT DELIVERED TO SKIN -

" . CALORIES/CM2/SECOND
1.8
L,0
6.2
8.3
10.7
TABIE 6

EXPERIMENTAL HUMAN BURKS

. TIME- TRIPERATURE RELATIONSHIP

-rmr%m SECOND DEGRES BURN
40 - 6,0 8.0 - 10.0
10 - 20 20 - 3.0
05 =07 07 = 15
015 = 0,25 0.3 = 0,7
0,06 = 0,15 0.2 = 0.3

‘burns would bé possible at distances as grest as 3000 moters.

estimates of the physicist were conservabive, for the study of the
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/
questioﬁnaire revealed that burns (presumably first éegree)‘were réceived
- by patients in Ring 6, 3000 - 4000 meters from ﬁhe center.(l)

The foregoing data may be combined with some of the observations made
by a Japanese member of the Joint Commission (2) in the Omura Navel Hospi~
tal in October, Patients recovering from severe burns were questioned, and
it was found that they could be divided into 3 groups on the basis of the
appearance of their burns on the day of the bombing, In some there was ex-
foliation, in,others there was vesicle formation, and in others, both ex-
foliation and vesicle formation occurred immediately, There were 44 pa-
tients whose location was definitely known. and whose records described the
state of their burns on admission during the nights of 9-10 August, The
data for these patients, as well as the theoretical amount of heat delivered
is combined in Tabie 7.

TABLE 7

OBSERVATION ON PATIENTS WITH SECOND DEGREE BURNS
OMURA NAVAL HOSPITAL

RANGE OF HEAT CONDITION OF SKIN AT ADMISSION=9-10 AUGUST,

DISTANCE FROM DELIVERED® EXFOLIATION EXFOLIATION &  VESICLES
BOMB, MBETERS  Cal./cm?/sec, VESICLES —ONLY
Less than 1000 15025 7 2 1
1100 - 1500 37 - 11 6 2 3
1600-2000 16 - 6 6 2 5
2100-2500 9~ 4 3 3 A

_ #See Table 4, These values are for 1inear distance from airburst to patient
The amounts of: heat would be somewhat less if based on dlstance from center
on the ground to the natlent : .

Y

(1) Examples of sevére burné‘at known long distances are:’ Case #408-2800 me-
ters; #3152-2800 meters; #3185-2900 meters and #3185-3400 meters,

(2) Dr, Yamamura, Tokyo Imperial University,
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Among the recordskavailable for examination and verification there
were a few cases where second degree burns were received by patients at dis-
tances greater than 2500 meters, In general, however, it is proper to say
that the majority of thé second degree burns occurred within a radius of
2500 meters, which is 1,75 miles, Very precise measurement of the distance
of burned patients fr;m the bomb was possitle in the case of sailors on
shipé anchored in the harbor, 4 men who were sunbathing on the Chidori-Maru
anchored 3100 meters from the point bélow the bomb, received "moderately se-
vere" burns, some of which were second degree, They récovered in 2-3 weeks,
Thirtcen other sailors at work about the ship received "minor" burns, Three
nmen aboard the Tsuruoka-Maru, anchored at 4000 meters, received slight burns,
presumably lst degree, Measurements of similar accuruoyAwére possible in the
case of several small Boys who were swimming at the Fishers!'! Wharf, exactly
2800 meters from the center, Some of these received severe second degree flash
burns, portions of which were of the third degree.

An interestiﬁg.footnote to this section cn the relation of the amount of

heat delivered to the patients- is the following statement from Ashe & Rob-
erts (1) article:
"It may be of intefestfthét.above 300°C up to the limit of the present'study
(500°C) Prince Albert cigarefte paper mokes an excellent substitute for skin
in‘trial procedures, First visible charring of -the paper occurs apparently
at time-temperature relationships which cause first dégree burns," (See table
6). '

In addition to humen burns, scorching of many materiéls, including cloth-

ing, granite, tile, etc. was observed, The time-temperature relationship

(1) Loe, Cit,
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for these matérials is not known so that estimates of the temperature re-
quired to cause bubbling of roof tiles for example, are comparatively pean-
ingless, (2). The bubbling of tile was observed in Nagasaki at distances
as far as 1000-1500 meters from the center of the explosion, Unpainted
wooden surfaces (telephone poles) (figures 12 and 13) were scorched at dis-
tances as great as 3100 meters from the bomb, These "flash burns" of mater-
ial objects (figure 12) were of considerable value in estimeting the height
and the precise location of the exploding bomb, Studies of them add little,

however, to an appreciation of the heat generated, as judged by the effect on

. the people, An examination of some of the shadow effects permitted an estimate

of the maximum duration of the heat-flux, In Figure 2 are shown clearly de-
1ineatea shadows of tall gzrass on a scorched wooden fence meters from the
bomb, From the sharpness of the outline of the shadows it is proper to
assume that the grass did not move during the "flash", Ve know, however, that
the blast wave which travelled with the speed of sound, 340 meters per second,
could not have reached the fence while the heat intensity was great enough to
scorch it, From a number of such observations at various distances, it is

quite definite that the heat did not last for longer than one second, The

" (2), The differential in temperature required to scorch white and colored

cotton cloth has been studied at the Naval Medical Research Institute, The
critical temperature for colored cloth is 2009C and for white cloth it is
230°C, The duration of exposure of cotton cloth to this temperature to pro=-
duce scorching is not stated, ~Personal communication, Capt, Shields Warren,

(M) U,S,N,R,

Experiments with roof tile from Nagasakl showed that "simllar" bubbling was
produceu by 1800°C for 4 secondo..~
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sharpnesé of the edges‘of'the flash burns on peopie also bears out this con- -
tention, In a like manner, the infrequency of corneal burns (1) indicated
that the heat-flux was of sufficiently long duration, that the rapid blink
reflex protected the eyes before the full intensity developed, The blink
reflex requires, on the awerage 0,01 seéond from strong stimulus to com-
plete closure of the lids, From such consideration it is possible to deduce
that the duration of the flash was longer than 0,01 seconds, and shorter than
2,0 secornds,

On the basis of the material which has been presented, it is apparent that

radiant heat emitted by the exploding “omb was the cause of the flash burns,

It is desirable, however, to consider two other possible causes of some of the

burns,

a) Beta rays

b) Gamma rays or X-rays

kThe likelihood that beta rays may have caused some of the burns was not
considered during the time the Joint Commission was in Japan, The physicists
were quite certain that no beta rays were received by patierts outdoors,
unshielded, who survived, None of the members of the Joint Commission had any
knowledge of the sort of bhurn that woﬁld result from suitable exposure to them,
Accordingly, the report of Robbins, et al, (2)-on accidéntal burns from scat-
tered cathode rays was read with much interest, There.does not appearvto be any
reason to believe that the skin lesions in any of the Japdnese exhibited the
distinctive features so clearly illustrated and described in this article,

The characteristic features of gamma ray burns and X-ray burns are:

(1) One Japonese report said that 20% of the burned patients had "blistered
eyeballs", This observation is not supported by &y other clinical reports.

(2) Robbins, L,L,, et al, "Superficial Burns" of skin and eyes from scattered
Cathode Rays," Radiology 46: 9, 1946 '
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1) The appea:énce of erythema 1 to 3 weeks after exposure.
2) The small amount of edema in comparison with thermal burns,
3) The persistence of "deep" pain during the acute stage,
4) The slow desquamation, and theipfotracted period of healing
with atrophy and telangiectasia, ‘
5) "Dirty" pigmentation of the irradiated areas.
6) The inverse relation to the intensity of the radiation, as
neasured in air, so that roentgen burns are more severe after
a certain amount (in r) of low voltage radiation, than after
the same amount (measured in air) of high voltage radiation,
One feature of.roentgen-type burns observed in Japanese patients was
the dirty pigmentation, Because of the varied conditions of healing of
the thermal burns (see below, tables 9 and 10) the only pigmentation which
could be ascribed to ionizing radiation was that seen in the skin which had
not received a "flash burn"., The incidence of pigmentation of the skin was not
B very great, The data obtained in the questionnaire study are given in the
Statistical Section, This particular finding was not recorded with any de-
gree of accuracy because of its vagueness, It is true that patients with
radiation sickness were observed whose skin was piémented in the vme.nner ob-
served after “heavy" roentgen therapy. It is also true that sbme subjects
w1thout ev1dent radlation 31ckness 1nsisted that their skin was darker than
it was before the bomblng. This type of data is obviously very unsatisfacto-
ry, and it is necessary to - st te_that-they;nc;dence of "roentgen pigmenta-
tion" is not,known. It can be‘said, however, with considerable certainty,
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that there was no definite evidence that the cutaneous burns were caused

only by the gamma radiétion and there is very little reason to believe

that the gamma rays‘altered the appearance of the thermal burns, It was the
impression of most of the observers that the gamme radiation had not af-
fécted the course of hesling of these burns to an extent that could be proved,

Clinicai Features:

The Japanese clinical records contained very little information on the
symptomslwhich occurred in association with the burns, This is not surprising
for two reasons: first, in the early stages the doctors were extremely busy
and assumed that the burns were no different than other flash burns, and
second, by the time they began to wonder about the nature of the burns, symp-
toms of radiation injury were becoming manifest and overshadowed all other
clinical considerations, For this reason, there is only one small series of
patients who were interrogated specifically about their burns, (1). The an-
sweres which are shown in Table 8. were in reply to questions about the period
immediately after the explosion, In all caées, within a very short time, the
burns became very painful, and some of the eye witness accounts (2) describe
the burned patients plunging into the river to get relief, Although the
Japanesa do not use.theftetmjﬁéhock"zin-thg_sense_that it is used by Western
phygicians, the;deééfiéﬁigﬁégf ﬁhevcohﬁitioh of the 5urned ratients on arrival
at Omura Naval Hospiféi dﬁfiﬁg’fhe;nighfrdf'9-10:Angust,.clearly indicates that
in maﬁy,'shock wasrdevélbﬁihé Qr<?és:aifeadjlpre;énf..

(1) ‘Nakashima report, Appendix 4°N (19).
(2) Appendix 3 N. | o
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", , .in spite of their severe injuries, the majority of the patients

were quiet as though in a collapsed state," (1)

TABLE 8
THERMAL INJURIES
IMMEDIATE SYMPTOMS ) NUMBER
Felt heat at the time of the blast, 11
Felt pain in burned areas at once 14
Felt neither heat, nor pain, 18
Total 39 ‘
Hair singed or bﬁrned 4

Tﬁé appearance of.the flash burns at various stages can be presented most
satisfactorily in the pictures that accompany this section, The illustra-
tions have been chosen becausebthey are typical of the lesions that were
observed,

Figure 14 (NP 153) shows the body of a man who was dead on admission to
hospital approximately 12 hours after the bombing. His distance from the
bomb was not réborded, but Japénese records describe this type of 2nd and
3rd degree burn in people who were in the open within 1000 meters of the
center, The dark, GVun black, charre”‘appearance of the burns is mentioned

in many of the eye-witness accounts, and may be seen in plctures of groups

of cadavcrs close to the,center.” In some cases the burns were so severe that
the patlent could not be 1dent1f1ed, and 1n extreme cases, 1t ‘was sald that the
sex could not be determined (1) A '

Flgure 15 (NP 105) is a woman who was 1ying pronc in the open, at a

(1) Shiotsuki report, Appendlx 4N (4)
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_ distance reputed to be ﬁgo-meters from the center, She was wearing black
clothing and received 2nd and 3rd degree burnslof'the back, buttocks and
legs; and 3rd degree burns of the back of the feet, These burns became
badiy infected and contractures developed, Bilateral Achilles tenotomy was
done to correct them, She also developed typical symptoms of radiation
sickness, except for epilation, She died 15 October 1945, Further notes
on her'case may be fourd ih the Pathology section,

Figure 16 (NP 102) is a man who was sitting inside a house at 800 me-
ters, wearing a white, short-sleeved shirt, trousers and cap, His position
in relation to a window was such that he received 2nd degree burns of the
left eide of his face and neck and slight burns of the left arm and both
hands, The photograph shows a common compllcatlon of flash burns of the
ears, A perlchondrltis has developed and with recovery the patlent has a
"cauliflower ear", In this man. the healed skin is depigmented, and there
is a distinct zone of increased pigmentation between the burned and the in-
tact gkin,

Figures 17 and 18 (NP 123 a, b) show a man standing in the precise po-
sition in front of his»home where he was when the bomb exploded, The mea-
sured distance to the center (by U, S englneers) is 200 meters; and as cen
 be seen: 1n Flgure 18 there was nothlng to 1ntercept the heat rays, He was

: wearlng a heavy khak1 milltary Jacket, trousers, galters and & cap and was

'»':looklng toward the sky away from the bomb He recelved lst and 2nd degroe

burns of the ears, the back, the elbows and the left hand—~ At the time. of
the photograph, in. November, the burns were healed There 1s a prominent
zone of hyperpigmentation between the burned and thc healthy skin, The

cotton clothing that he wore was scorched and "destroyed" over the burned areas,
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He was blown about 4 meters by the blast, but was not injured, Epilation,
purpura, ant gingivitis occurreﬁ, but he recovered from the radiation injury,

Figure 19 (NP 160) is a man who was standing in the open, 1000 meters
from the center, wearing a white shirt, pants and leggings., He received
2nd and 3rd degree burns of his face, neck, left arm, right elbow and back,
The condition of the healing 2nd degree burn is shown, with general depigmenta-
tion ard a narron band of hyperpigmentation adjacent to the healthy skin,
Keloid formation is apparent on the right elbow, and the bandage conceals
exuberant granulation tissue in the 3rd degree burn, Epilation occurred, but
there were no other symptoms of radiation injury,

Figures 20 and 21 show a woman who was slttlng near a window inside a
wooden building at 1200 meters, She wore a light shlrt, long khaki pants
but no shoes or sox, She received mild 2nd degree flash burns of the face
and neck and severe 2nd degree burns of the legs and feet, She also received
many small lacerations from fregments of glass (the window panes), Epilation
of the scalprand eyebrows occurred, The skin of her body, particularly of her
chest, gradually developed a dirty pigmentation in the unburned areas, under
her shirt, The contrast of this pigmented skin with the comparatively de-
pigmented burned area is. shown 1n Flgure 21  Here again is seen the narrow
band of excessive plgmentetlon et the margln of the burn There was some .
question among members of ‘her . famlly whether the healed skln of-her faoe~and
neck was paler than before the bomblng, and the consensus was that the color.
was approx1mately normal Ke101d formatlon may be seen in the healing burns
of the left knee and the dorsum of the left foot (flgure 20),

Flgure 22 is a woman who was 31tting 1n the open "behind a tree", at
1300 meters, She wore dark brown and black clothlng and all the burns,

25k
34 (5N) :




except those of the face, neck and hands occurred under this clothing, The
head bandage covefs‘a perichondritis of the right ear. The 2nd degree burns

of the rest of the skin healed, and there is a contraction at the right el-
bow and hand, The healed skin of the neck and the left shoulder is depigment-
ed; while that of the left forearm shows a not uncommon pattern: the healed
‘skin is of approximately nofmal color, except for a zone of depigmentation
adjacent to the unburned skin, Because of a history of vomiting on the day

of the bombing anﬁ a record of leukopenia, a diagnosis of radiation injury was
made,

Figure 23 is a man who was standing in the open, at 1400 meters. He wore
groen trousers, but no cap, shirt or shoes, He did not know what,pbotectea his
face and head from the flash., He received 2nd degree flash burns of the right
side‘of his chest and left arm and some 3rd degree burns of hisright arm, He
stated that all the skin of his body had become pigmented, and it was seen to
be of an even dirty brown éolor, The healed flash burns showed the same type
of pigmentation, but as can be seen, the distribution was irregular,

Figure 24 is a girl who was also étanding in the opén at 1400 meters, She
wore a short-sleeved green shirt, green trousers, and a cap, This photograph
was made during Augﬁét bthhe Jépaﬁesé, and it shows the carly stages of heal-
ing of a severe seCond degréé-ﬁufn"of the face, neck, shoulder, arm, and back
on the right 51de, and both nnkles and faet The lesion over the sacrum is
either a decubltus ulccr or a. 2nd degree burn "The photograph gives the im-
pression that the unburned sk1n is deeply ngmented, but there is no mention of
this in the rPcord of the J01nt Commission This patient vomlted on the day of
the bombing, and the only white blood cell count recorded was. 4800 on 20 Sep-
tember, There was no other ev1dence of radlatlon injury, The burns were
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healing 310w1y in Oétober, and the patient was definitely recovering at
that timse,

Figure 25 is a man who was walking directly toward the direction of
the blast, looking at the B é9's. He was 1600 ﬁeters from the center, and
has provided a useful eye-witness account of his experiences, (1) He was
fully clothed, and wore an aif;raid warden's steel heimet. The burns on
his chest and arms occurred through dark colored clothing, The condition of
the healed 2nd degree burns shown in the figure is very interesting, All
of them are deeply pigménted in contrast to the intact skin, There was some
hyperemia of the lesions., The skin of the face had a bronzed color with

marked contrasts between the burned and the small shadowed areas under the

supraorbifal ridges, nose, chin, etc, This typé of visage has been called

_ the "Mask of Hiroshima" since it was soen much more frequently there than

in Nagaseki, The pigmentation of the skin of the fape and the neck of this
patient has a striking resemblance to pellagra both in color and in dis-
tribution, In some instances the likeness was accentuated by the occurrance
of similarly pigmented healed burns of the hanﬁs, This patient did not have
epilation (the stéel helmet?) but had a mild transitory purpura, from which
he made a good recovery,.

Figure 26 (NP 120) is a man who was standing'in the open at 2000 meters.
His back was to the bomb, and his head was turned to the left. (This may be
inferred from the jagged line of demarcation due to skin wrinkles between
burned and intact skin of the neck,) He wore a shirt and trousers and re-
ceived the burns shown underneath the clothing, He states‘that his "shirt
burst into flames"lvat‘theiinstantof thé flash, and this may'account for
(1), see appendixié_ﬂ.
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the severity of these burns, most of which were 3rd degree; The burns on the
buttocks were healéd,'with depigmentation, but-in the case of the back, in-
fection and the exuberant granulations have obviously reterded healing, As
a consequence of this severe injury he was markedly emaciated when last seen
in November, 1945, He stated that epilation occurred in August; but the?e
was no grbss evidence of it in October, The blast wave knocked him down,
but he did not lose consciousness, | |
Figure 27 is a man who wags lying prone in the open at 2100 meters, on
a hillside, He was wearing summer clothes, which in the case of a farﬁer
would be light colored, He received the 2nd degree burns which are shown,
mainly under his clothing, There is no explanation for the shadow effect
to be seen on the left loin and the left arm. In addition to the burns, he
received radiation injury followed by epilation and‘severe ulcero~necrotic
pharyngiiis, fron wﬁich he recovered, These 2nd degree burns have become
more deeply pigmented after healing than is the surrounding ékin, and there
is no zone of hyperpigmentation es in the case of the depigmented burns,
Figure 28 (NP 121) shows a boy who was outdoors "behind" some treces at
2200 meters, He w§re é vhite shirt and white shorts, It is appérent fram
the irregular margin of the burns of the neck that he was locking upward amd
to the right., In additioﬁ to the burns shown in the photograph, he reccived
2nd degree burns of legs, feet, and buttocks, All the burns were hesled in'
November when the picture was made, and those under the white clbthing were
obviously less severe, It can be seen that in this case, the healing skin
is less pigmented than thegintaqt skih and that there is a narréwyline of

hyperpigmentation at the junction-of the two, He described a slight amount

of epilation in September but there was no indication of it or of other
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signs of radistion injury when he was examined by the members of the Joint
Commission in October.

Figure 29 (NP 111) is & man who was standing in the open at 2400 meters.
He was wearing a sleeveless white shirt and white shorts and was burned
only on the exposed portions of the skin, The burns of the arm appear to be
of 2nd degree, and have healed with some contracture of the skin, The burns
of the face appear less severe, but a close inspection of the print will dis-
close the irregular pattern of ﬁhburned "shadows" giving the mask-like ap-
pearance, The color of the healed burns ﬁas darker than that of the intact
skin; part of this was due %o pigmentation, and’part to a persistent erytheme
due, possibly, to dilated capiliaries.- This man said that he wes blinded
by the flash and could not see for 2 days afterwards, On cxanination, the
SYEE Were norﬁal in October,

Figure 30 ‘NP 11/a) shows the left forearm of a man who was standing
outdooers at géégjgggggg. He was wearing a short-sleeved shirt. and re-
ceived burns oﬁly on fﬁcovered skin, The photograph shows a considerable
degree of keloid formrbtion in ths center of the burn, Changes in pigmenta-
tion arc visible between tihe keloid and the healthy ekin,

Figure 31 (NP 100) shows hesling 2nd and 3vd aegrgc flame burns of the
legs 5* o man wko was inside a concrete factory building-lggg_ggxgxg from the
center, The buildins wns davaged by the blast, and 21l the wooden iuverior
trimminge burst ints Flome, The potient was veering gaiﬂéxs and hewvy shoes,

infected gramla-

5

but was burned ©s he cascaped from the flanes, Druberant !
tions cnd som: 2lterations irn pissentation at the heﬁling merging cen b
geen, There iz some keloid formation in the healing'lesions‘on the right
leg,
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These illustrations which have been presented in the order of the distance

~ of the subject from the bomb. show quite well gome of the main features of

the flash burns observed in Nagasaki,

1, The skin that was burned was the skin which could receive direct
light rays from the bomb,

2, Clothing was protective to a variable degree, depending on some
undetermined relationshib between the heat delivered and the weight, com-
position, and color of the clothing,

3. Parté, like elbows or shoulders, over which clothing is often
tightly stretched, were frequently burned when other qlothed areas escaped,

4. The appearance of the healing burns wiﬁh the exception of the pig-
mentary changes does not, appear diff;rent frdm the healing of other thermal
burns of equal severity and extent,

Although there was considerable discussion among the Japanese and the
American doctors about the character of the healing burns, very few reports
are available where fhe end result is described, The interest in the nature
of the healed burns revolves around the question of degree of interference
with healing, if anyr, which may be attributeble to the gamma rays, It is
impossible to deny that all patients with flash burns received some dosage
of ionizing radiation inversely proportional to their distance from the
bomb, The desirability of special studies of this ﬁroblem was not appre-
ciated until the Report was being prepared and then it was necessary to
rely entifely on the photographs, Of the photogéaphs aveilable for such
a study, 14 have bcen preseﬁted in this;séétioﬁ, Figureé 15-30, inclusive,
After tabulating the §aiient fgatureé-of the(héaling,ﬁﬁrpSﬁ'hpigmentation,
depigmentation, the zone of hyperpigmentation, and keloia formation, it
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1400 Absent

was found the patients formed two fairly distinet groups. The results are
chown in Table 9. It is regrstiable that there are so few reliable observa-
tions, but the trend appears definite:

TABIE
CONDITION OF HEALED BURKS ¢9% -
. ZONE - OF
DISTAKCE FROM DEPIGMENTATION PIGMENTATION HYPERPIG— '
' POIB, METERS .OF HEALED SKIN OF REALFD SKIN MENTATION KELOID
Less than Present 5 - 0 b 2
1400 Absent 1 6 6 4
Beyond . Present 3 7 2 2
5 1 6 8

a) At distances closer than 1L00 msters the healed burn tends to be ‘
depigmented with respect to the intact sk in- and there tends to be & narrow
zone of hypérpigmentation serarating the two. .

b) At distances farthor than 1400 meters, the 'néaled burn tends to be
plgmented with respect to the int.act skin and the nagrrow gone of hyperpigmenta-
ticn is seen less often. | |

c) Keloid format:.on was more frequent in burns received at distances
less than ].I.DO meterao ,

One Japanese report (1) mesented data on the condition of the healed
gkin of patients who reoeived, flash burns in the Ohashi Worke—-llOO—lSOO :_neters 3

‘and in the Yorimachi Worke-1300-1500 meters. (See table 10). Apparently only

the major single condition in each case has been tabulated. There is 2 reason-
sblo degres of similarity between the data in Tables 9 and 10. An interprete- |
tion of the significance of thess apparent differences in the state of the |
piguent in healed flash burns 1e difficult when the number of ceses is so small,

(1) Nakashima report, Appendix 4 N (10),
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1. The most frequent type of thermal injury was a flash burn, éaused
by radiant heat (consisting of infrared rays, visible and ultre-violet
light) emitted durirng the explosion.

2. _The overa:;l incidence of burns is not knocwn, and estimates ﬁary
from 35% to 60%. Among persons vho were unp."‘otected by any material ob-
jects between them and the air burst, the incidence was probably 1004 for
those within a radius of 3000 meters, (2 miles).:

3. Second degree flash burns were inflicted on exposed skin to a dis-
tance of at leasﬁ 2500 meters (1.75 miles) Firet degres ﬂash burns oc-
curred at a distance es great. as 4000 meue?'s, (2.5 ndles).

4o Clothing was prot.ec'b.z.w vo a veriable extent depending on ’ohe qual=
ity, color and the intensity of the heat; but burns occurred under clothing
- ot least as far és 2500 meters from the cemter. |

56 There ia no record of any person who survived the effects of burns
received (in the open) o.i} distances less than 500 meters from the center,

6. In the vicinity of the center, and within o radius of 400-500 mebers,
most people in oxposed positicns were in;atam.ly killed, burned to death,

7. The hcaling flaah bums di.aplayad certain variauions in the pigmen—
tation, the signi.t’ica.ncc of vhich is nob appgmenb from the a.vailable data.

8, There is no proof that the healing of the burne was, or was not,

nodified by any effect of lonising rodiation on the skin,
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(4) Rediation injury, General:

The third major.casualty-producing agent, ionizing radiations, is the
one which differentiates ﬁhe atomic bomb from all other weapons, The
gamma rays and neutrons which ﬁgre emitted not only contributed materially
to the total mortality andlﬁqrbidity,but they also performed a biological
experiment of unprecedented scope, Total body roentgen irradiation has
been employed therapeutically since about 1932, but there are no reports in
the medical literature of the amount of X-rays, gamma rays, or neutrons
which is lethal for humans, Single doses of total body radiations are us-
ually given so cautiously_thét the amount seldom approaches the lethal dose.
In the case of laboratory animals, many studies have Eeen made with single
doses of roentgen rays of all intensities up to 1200 KV, The ID 50 (the
amount which will cnuse the death of 50% of the animal exposed) for X-rays
is known for a.variety of‘laboratory aninals, and is of the order of 300~
700 r, The biological effecté of neutrons; fast and slow, ére currently
under investigation, The LD-50 for some animals is’kpown; and the biologic
effectiveness compared to X-rays has been reported, There have been no ex-

perimental stvdies reported where the biological effects of mixtures of

-gamma rays and neutrens were studied,

In Japan, during the explosion of the atomic bomb, total body irradis-

~ tion with a nixture of gamma rays, X-rays, and fast and slow neutrons was

administered to thousands of people, Because the people were exposed at
varying distances from the bomb, fand becausé sone ﬁere shielded by va-
rious thicknesses of dlfferent materlal 1t is proper to cons1der that the
guantity of radistion received varied from many times the lethal dose to
infinitely small enmounts,
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This section of the report has been prepared from two points of view:
(1) As a casualty study of the effectiveness of ionizing radiation as a war
weapon; (2) As a clinical stpayjof the netural history of the disease syn-
drome caused by large améugﬁs of ionizing radigtion;

The most appropriate nomenclature for the‘syndrome has been considered,
The commonest designation used by the Japanese investigators was the "atomic
bomb disease"., The members of the Joint Commission felt that the terms
"radiation sickness", "irradiation sickness", and "roentgen sickness" were
used rather generdlly to connote the symptoms developing during ioentgen
therapy and radium therapy, Because of the manner in>which the disease oc-
curred, the use of the term "injury" in the name seemed appropriate, The
question then was whether to refer to "gamma ray injury", or simply to "radia-
tion injury". Since garmma rays werc not the only ionizing radiation re-
sponsible for the disease, it was felt that the "syndrome of radiation injury",
or simply "radiation injury” wes the preferred name, "Radiation disease"
has been used alternatively, There has been no inclination on our part to
emmulate, or perpetuaté any of the names with Greek roots that some of the
Jopanese coined: panmyelOphﬁhisis, panhistopathia, ete,, for example,
Incidence: In the conventional military sense, a "ecasualty" may be defined
as one who is killed ér is forced to withdraw from an action because of wounds,
or disabilities pecular to the circumstances of combat, In the sense of im-
nmeciate disability, the tern "casualty" is not always applicable to a person
with radiétion injury, :Although some peopie who received lethal doses of
ionizing radiation had symptbms on the day of cxposure, it does not appear
that many‘wére Qisabléd‘ét once, Because of the latent period between ex-

posure and the onset of disabling symptoms, it is necessary to take a
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broader view; and in,connection with‘radiatidn'injuxy, a "casualty"
must be taken to mean any person who later died or became sick enough to
require medical attention, or sick enough to discontimue his habitual occu-
pations, In ordinary werfare, it is uéually-possible to determine the
number of casualties that occur each day, or in each phase of battle, In
"atomic wvarfare" it may be weeks before the total number of casualfies can
be counted correctly, In Japan it wes impossible for the Joint Commission
(or the Japanese authorities) to determine any of the following facts:

(1) The total number of persons who received radiation injury, alone,

(2) The total number of persons who received radiation injury in addi-
tion to other injuries.

(3) The percentage of persons with radiation injury (either 1 or 2)
who died as a direct consequence of it,

In the case of radiation injury, not all the blame for the lack of in-
formation can be ascribed to deficient records, Other factors were:
(1) The failure of the Japanese to recognize the existence of radiation
injury in'patients with serious wounds and severe burns; (2) the lack of
definite criteria on which to base a diagnosis, The first factor applied
to the earliest cases, - withln perhaps oneoweek of the bombing, The second
factor applied to later stages when uqny frank cllnical ethples of radiation
ingury\occurred Thb obv1ous cases uere recognlzed but there was a large
group of s1ck people, some of whom had rgdlatlon 1njury whlch was not diag-
nosed, and others who were s id to have radlatlon 1n3ury when some other dis-~
ease was resnonsible As a consequence, there is no satlsfactory estimate
of the number of persons 1nJured by the 1onlzlng radlation The Joint Com-
nission's questlonnalre were studled carefully, and crlterla for the
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clinical diagnosis of radiation injury were formulated, The reader is ré-
ferred to the statistical section for a detailed presentation of this prob-
lem which was the primary concern of the statistician, With the criteria

that were decided upon, 1t was found that the incidence of radiation injury
among the entire group of 3800 patients surveyed was about 35%, This means
very little actually because of the dimishing amounts of ionizing radiation

to which people were exposed at increasingAdistances from the center, The
incidence among the most exposed group for example, (Exposure Group 4) was 53%
- 65% within 1000 meters of the center, The incidence decreased steadily |
to 2000 meters (See figure 32) and only a few authentic instances of radiation
injury were enéountered farther than that, The entire subject of the rela-
tion of the incidence of radiation injury to distance, shielding factors, etc.,
is presented in the statistical study, Section 9,

The data on "the case-fatality rate is even less satisfactory, The Jap-
anese stated that of the patients in whom the syndrome of radiation injury )
occurred in a "very severe form" (see below), with symptoms boginning shortly
after exposure, 100% died, In the "severe form", in which there was a latent
period of one to two weeks before symptoms appeared, the mortality rate was
said to be 509, Individual hospitals, wherc small ;;mbers of such patients
were studied, reported death rﬂtes dﬁring the 3rd to 6th week after the bomb-
ing, that varied from. 100% (216 Field Hospitel) to 20% (Sawada Clinic), In
the well-appointed cllnics, about one—thlrd of the patients died, while in
the aid statlons the rate was much higher, Except for & few veriflable data,
these estimates rebresent thé péréonal‘oﬁinlons:of Japanese physiclans who
were in attendance, There was a general aproenent on the 50% death rate for the
“severe" cases as‘an~overall-est1mate¢ Durlng tha pefxo&, l.October 1o 27

Novenber, while the Joint Commission was in Nagasaki, approximately 1000
266
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undar continuoua obsorvat.a.on in hospita s, ond of these 2.1, or 5% d.wd.

"he estimatmrei‘cmed to are the bast avm.l:».x:le, but ave all too low,
In one sm.all group in the Fuch.z. School, for e*:am'olo s 90" of persons 1000-
1100 metors from the centor had. ev:.denw of radiation in:)ur,.u The 370?1@2'
values found in the stvciat: cal study pr'oba‘bly rerresent, t.ho efiect of pro=- |
tection and selection on tho inc:.denco rate,

t:lolog;o Factors s

. The ionizing radiation reéponﬂihie for 'i'adia'bion. injtry. oonsiesfsed of

gamma. rays- and varying amomte of fast. and olow neutrons, The source, the

_ quantj.ty and the energ:l.es of these radiations 5.:-: properly the cencern of

. physicists, and has been deseribed in Section 2, MNosb of our Imowledge of |

the physiologic effects of vadiation is empirical, based on observations of

the effect of large dosez on laboratory vénimala; and the effect of amall. doses

administered .thei'apeutica.l_ly to patiozﬁs, The theories of the possible
rmodes of ’biological action of radiation are not 'very helpful in interpreting
clinical materisl. A rocent monograph, Lea (1) makes the following observa=-

tions: Mg shall t ake it for granted that the biological effects of ionizing

radiation are due in some way to the chemical changes induced by the radia-
‘tiens. We are immediately faced with ths _problém of explaining why marked

| biologic effects are produced by doses of radiation which 'produce only a small
'degree of chemicel changes, There are neveral w ays, however, in vwhich a small

overall percentage chemical change may be imagined to be eﬁ‘oe_tiiro > e e o e

(1) i.oa., D.E., loc, cit, ,p"..&*
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These ways may be presentedtbriefly'as follows: y

(1) Activated Water Recct;ohs: In solution the radiation produces Hf and

OH- ions from the water, _The capacity of these ions to affect oxidation-
reducing systems, and enzymes has been demonstrated, and "dilute solutions

of enzymes may be largely inactivated by doses of a few thousand roentgens," (1)
(2) Direct Action on Large Molecules: In a gencral way, a chemical change

(i.c, by ionization) in a certain proportion‘ef the molecules of a substance

by direct action is inversely proportional tovthe molecular weight, Thus,

of the molecules exposed to ionizing radiation, the largest ones are the

nost likely to be damaged, or inactivated by ionization,

(3) Localization of Ionization: This refers to»the occurrence of ionization

within or near structures which are sufficicently vital for changes in then
to affect the cell as a whole, This effect has been studied particularly in

respect to chromosomes and genes, The passage through these structures of an

~ lonizing particle of sufficient cnergy will produce changes which may be mi-

croscopically visible or genetically evident, .
(4) Cel1 Pbisons: "The products of decomposition of proteins and other cell
constitutents by radiation have not been much investigated, but it is quite
possible that they may be 1njurious 1n quite low concentrations, It is

poss1b1e that there are some blological effects due to this cause, There is

not much one can say, however, about their mechanlsm e e oM, ()

In general, 1t 1s accepted that the biological actlons of -radiation are

due to the ionlzatlon that occurs in their passage through tlssue It is

‘also recognizod that the degree of damhge depends on the amount of 1oniza-

tion that cccurs. For thls reason, regardless of the nature of the radlatlon
to which tissue is exposed, equal amounts of 1onlzntlon are believed to
(1) Lea, loc, cit, page 65,

268
48 (5N)




8

cause equal effects,.’A»ﬁreciSe interpretation of the effect of the radia-
tion enitted by the.atomic bomb would be possible only if the ionization

in tissue of the mixture of gamma rays and neutrons was knpwn. Since neither
the dose measured in air nor the composition of the radiation is known, es-
timates of the depth dose appear to be unobtainable, Because of the gaps in
our knowledge of the characteriStics of the radiétion delivered to the Jap-
anese, it is only possible to describe the symptomatology and the lesions
observed at autopsy, It is not possible to attribute these findings to so
many roentgens (measure in air) on tﬁe basis of experience with radiotherapy
or animal studies, Naturally, the effects studied will be less at greater
distances from the bomb; but whether a given effect will follow the inverse
square law isvnotvcertain because of the mixed character of the radiation

and the different amount of ionization produced in tissue by neutrons and by

gamma rays of various intensities,

The LD-50 of the ionizing radiation of the plutonium bomb was delivered
to people in a light wooden building at a distance of 1000-1100 meters from
the point on the ground beneath the explosion, The evidence for this observa-
tion is fairly reliable, and is presented in Section 11 N,

The relative amount of ionizing radiation which will cause detectable
injury to a cell is an inherent characteristic of the cell, and is referred
to as its radiosensitivity, Variations in the radiosensitivity of different
tissues is well known, andiis related, roﬁghly speaking, to the rate of
growth and rapidity of reproduction of the constituent cells, In the human
body, the cells of the;lympho-hepat0pqietic system, the gonads, the skin and
its appendages, and the intééfinal,ﬁﬁcbsa are fﬁgimést'fédiosénsitive,'in
about the order naﬁed. In the clinical diécuséion that follows attention
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'will be directed primarlly“to these tissues,

It is well recognized at the present time that all the effects of
ionizing radiation are harmful, The degree of injury may vary from one
that can only be infefred by its late effects to immediate death of the
cell, The degree of injury in any given instance depends on the relation-
ship between the radiosensitivity of the cell and the amount of ioniza-
tion produced in it, The physiological statué of a tissue at any time
after irradiation represents an equilibrium between the effects of the in-
Jury and the amount of recovery or regeneration that has occurred,

The various complex interrelationships that have been mentioned above
all contribute to the difficulties of presenting and interpreting the clin-
ical syndrome due to radiation injury.

Clinical Considerations:

The greatest difficulty to be overcome in the presentation of the clini-
cal findings is not the matter -of dosage of radiation, but the interprecta-
tion of the role of complications in the genesis of symptoms. and in the
causation of death, The elements of the problem are as follows:

1, IJonizing radiaﬁions caused certain clearly recognizable changes in
some tissues, '

2, It may be 1nferred that lesser degrees of inJury, Wthh cannot be
recognized at the present tlme, occurred in the less radlosen51t1ve tissues,
| 3., Because of (1) -and (2) Pathogenjc bacterla, whose prollferatlon and
invasion of tissue is narmally restrlcted, were able to flourish and produce
serious local and’ general 1nfectlons. '

4, The 1nfections produced thelr own symptomatology and frequently
were the cause’ of death Accordlngly, the problem is to separate wherever

270
50 (5N) '




[

possible, the syndrome into its two components: a primary portion due to

ionizing radiation, and a secondary portion due to complicating infectiop.
This is important because to a large extent the character of the illness, and
the manner of death was determined by the nature of the complicating infec-
tion, The particular strains of bacteria that caused the infections, and in
many instances the lesions which provided a portal of entry for the infection,
were determined accidentally, and should not be considered as primary patho-
logic agents in the same sense as the ionizing radiations, To provide a basis
for the distinction between the primary and secondary phencmena, a list of
the tissues in which histological changes occur which can be attributed to
ionizing radiation, is shown in Table 11, It is plausible to believe that

the function of many other cells of the body was disturbed to a varying ex-

tent, but there was no histological, and little physiological evidence for

this belief,
TABLE 11
Tissues that were destroyed or damaged to a. sufficient extent that typi-
cal changes were found on miecroscopic examination,

1, Lymphopoietic system,
a Lymphocytes of c:.rculating blood

-

b, Iymphopoietlc portlons of lymphatlc tissues,

2, Hemat0p01etlc System

a, Leukocytes of clrculatlng blood

b, Myelop01et1c, erythrop01et1c and thromb0p01et1c portions
7 of ‘bone MATTOW,’ o ,

3. Gastro;iﬁtéétiﬁai;systeﬁf

a. Mucosa of intestines,

b, Mucosa of esophagus and oropharynx,
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4. Cutaneous ngteg.
a, Hair follicles

b, Sweat glands and epidermis

5, Reproductive Systen,

a, Germinal epithelium of testis,
b, Primary follicles of ovary,

Classification: It is appropriate to assume that among the thousands affect-

ed by ionizing radiation every degree of injury from the most severe to the
mildest occurred, It might be anticipated on this basis, that distinct clin-

ical syndromes would not be recognizable, but that there would only be gra-

~ dations of severity, In actual practice it was rether easy to subdivide the

cases into 4 groups on the basis of symptomatology and outcome, This classi-
fication, which is shown in Table 12, is the same as the ones presented in
the Blood Section (6) and the Pathology Section (8), The symptoms which
form the criteria were used because of their obvious prevaleﬁce, their re-
lation to the pathological lesions, and because the statistical study demon~
strated the greatest correlation with radiation injury, The approximate
mortality rate and the time-period during which death -occurred provided a
substantial basis fer grading the cases, It will‘be secen in the Pathology
Section (8) that this division of the fatal cases was very satisfactory. The
relationship of distance from center to the severity of radiation injury is
only an approximation, but it-appears to be valid for the majority of the
cases, It should not be glven too much welght however, for shielding by
heavy constructlon and 1nd1v1dual radlosen31t1v1ty resulted in many excep-

tions, The effect of sh;eldlng on the syndrome of radiatlon injury is

- gonsidered in detall in the Statistical Section (9).
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TABLE 12
CLASSTFICATION OF CLINICAL TYFES OF

THE SYAIDROME OF RADIATION INJURY

/ - MODERATELY

VERY SEVERE  SEVERE SEVERE = MIID

Approximete Mortality | _ 1007 ' 50%  Less than 104 Nil
“Time of Death, Wesks ' ‘1st & 2nd  3rd - 6th 6th ~i5th -
e T8 R L %
Letcopenda e+ FtE v+t
Tpilaticn | + +++ ++ +
Purpwra | | + +++  ++ t
~ Oropharyngeal Lesions -+ +++  + -

Approximate Distance from less then 1000  1000-1500 Hore than

Bomb, metera, o 1000 : - 1500

In the renainder of this section, the L clinical types of the syndrome
~ of radiation will be considered separately. Beéé.use of the diversity of the
material, a certain amount of simplification is desirable., Accordingly in

~ the dcscription of the types of cases, the discuseion will be restricted to the

main symptoms of epilation (and skin changes ) oropharyngeal lesions, purpura,
fever, diarrhea, and na.usea and vomiting soon after irradiation. An analysis

~of the slgnificance of theae symptoms may be found in the Statistical Section.

In gddition to t.hese obscrvations, it is necessary to present summery of a
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 large amount of clinical research conducted mainly by the Jepanese. These

studies were performed on convalescent survivors, as a rule; and frequently
the records do not permit a clear distinction of the type of case studied,

The presumption may be made, however, that the majority of subjects were ex~
amples of the severe and the moderately severe and the mild types of radia-
tion injury, This materiai will follow a systematic feview of symptomatology.

Very Severe Cases: There are not very many reports available from Nagasaki

concerning this type of case, During the first two weeks after the bombing
there was a shortage of medieal personnel, and the few hospitals that were
funetioning were over~crowded with burned and severely wounded patients, At
the Omura Naval Hospital, the majority of the patients with very severe ra-
diation injury were burned and the clinical records contain little data of
value except the blood counts and the temperature record, Brief summaries

of the records of 3 tvpicel examples are presented belew. Many more such cases
were observed at the 216 Field Hospital (temporary); but no records of
specific examples were obtained, The general remarks of the Commanding
Officer of this installation have been used in the description that follows:

Onset: Nausea and Vomiting occurred to all patients of this type shortly

after the bomb exploded There is. no detalled account of the circumstances
of thls symptom for 1na1v1dual patients, but in the maJority it appears to
have been pers1stent, and to have continued for several days, and in some
cases for the entlre course of the 111ness A“

Fever vas" present _apparently from shortly after the- onset, in all the
patients with the ery severe form , It 1ncreased in amount each day, and
in the maaorlty was a continuous fever o; 400-410 C at the time of death,
Course: The course of the very severe cases was continuous in the sense
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“that from the appearance of nausea and vomiting until death there were no
remigsions of the symptoms or signs of the disease, Rather there was a.
steady.progression in the severity of each symptom from its inception until
death, This factor, the tempo of the development of the syndrome, seems to
be one of the most important means of estimating the severity of radiation
injury early in the course of the disease,

Diarrhea: was a prominent feature of the course of nearly all the patients,
Its onset varied from the day of bombing to the dayvof death. The stools
were described as watery, green;colored, often containing mucus, and less

| frequently,blood, The number veried from several to 15 per day, and the
character of the stools and the roctal tenesmmus that occurred resembled the
findings in bacillary dysentery, Associated with the diarrhea, there was
abdominal crarping and tenderness on palpation, In the report of the 216
Field Hospitel (temporary) it is stated that 17% of the aarly admissions
developed this type of diarrhea, which was rapidly recognized as a specific .

entity, All the patients with this sort of diarrhea dicd,

Skin Lesions: Several of the reports mention the occurrence of bullag, or

large vesicles in skin which had not been affected by the heat, The avail-

able descriptions of these lesions, which occurred apparently only during the
first few weeks. are auoted verbatzm |

"There were 4 cases. of death after the patients deveIOped blisters the
size of a plgeon's epf scattcrea on the skin without any apparent cause,
Death came in 2 days u (l) | . ‘

"Durlng the prodromal perlod (1 e. 1st 1-2 weeks) bullae varying in

size from a thumbprint to'a hen's egg appeared 1n Vﬂrious places, These may

(1) Appendix 4 N (5),
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' vbe c'ompared to roentgen-—ray srythema ( sic) ; or may be the result of radlo-

actj\re mat.erial adherent. to the sh:m."(l)
No photographs or other 03 c,erlal is a.v:.\.llable to L"Llustrabe thm proccss in
-the very severe cases, but °everal exaisples ave shown in the sectn.on v'here

severs casea are d:.acussed, {See below)

: mnong the very sevare cases whj.ch were utudv.ed at the Omura Naval hospitd

the occurrence of herpetx.form 1es.¢.ons ahow:- the, n.outh was a common findingg

An example of t,he.as 1es:.ons is seen in F:Lcwc 33. None of the other contern-
_porar:;r reports ment.ion then, _ |
urpura occurred as early as the 2rd d ay after the boxbing in some pa-

tients of the very severe 'hy*pe. In ot!wrs, cutaneous purpura did not ccecur
before death, but hemorrhiagic lesions of the viscera viere seen at autopsy.
The fv'equency of th:;.s -sy:gt)‘tom increaged during 'c.he 2nd week of the illness.
E_:gilation. of t.he scalp commerced as early as lL-. August, the 6th day after
the bonrbing. | During the 2nd week many oi‘ the moribund patients de.ve.lo;)ed
this symptom. The h’aif of these patients came out very easily and it is
stated that simply passing s wet hand through the hairs would remove many of
them, The coxitempc‘mfy reports avre aozﬁewhat con';radi.ctory about the amount

of onilat:.on of other than scalp hair,

. Terminally, many of tho pauents dmplayed neurologic ay_mptoms cf various_ '

sortse Subpial and suba.mcmo.t.d herorrhage was .mou.nd at autOpsy in soms of
them, bv.t the records are s¢ inadequate that the relation of the s;zmutoms to
trauma A:ca.nnot be determined, | _ |

B 'Thefblood’ picture in cases of the very severe type is described in the -
Blood Séction (6), and consisted of marked leutopenia, snemia and ths:'omb?.:o--
i‘}"‘iﬁ?‘éﬁ‘m N (w
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"o couras of this fomm of radistion injury wes spparently quite char-
agct, istic, ,'The pa.tients"becamé brogfeés*vely *‘vea.kar‘ and ‘ﬁore“apathet;i’c; .
The, severe dlarrhea of some s the constant nausea and vomiting, and the anor-. =
exia resulted in a clinical picture mich was typical. Several conte{np_gfgry
repprts m,ent.z.gr‘;tthe haggard facies _,‘sunker; eyeg and progressiva_‘emig,t,i‘o'n‘.

Death usually cccurred suddenly, agpérgnt;y- with heart failure,

: gl.es. (1)

Case 6, Arakio Age l;l. F’en;_ale.‘ L AL the time of the explosion she was régrly
in the middle of Okanachi, (2) within 500 meters of the center. She receivud
f£lach burns on the face and arms; 5 -and conuusione and abraeiona of the legs.

At the time of admission (11-22 fugust) ehe had & temperature of 39.%, dye-
enteryh-like diarrhea, and e.n harpe'biform erupti.cn about the mouth, which had
an unusuel odor, On the mom.’mg of 13 August her eyes failed eu.ddenly
Kernig's sign, a'pkle clonus, and cpisthotonus were present. Spinal punoture -
revoalod turbid fluid mixed with blood. Sho died ab 1700, L August. The
autopay iiaclosyed"apbaré.ohhoid hemorrhage from eeirergl regions, but does not
mﬁtion tro;_x_fp._a_. aaé cEuSG, .. o | o .'

Case ¢, Iskei, T'Age' 17. Female, Ab the time of the explosion she was approx-
imetely at 1150 meters. She received i‘lash' burﬁs §.£‘the left am.  In the course
of the sickness she &ét*elopéd‘anormcia, nerpstiform eruption ebout‘ the mouth,
fever up to 40°C, cerebral Asymptoms and loss of eyeaight. Petechize were first
noticed on 11 August and 1a.t'e:e purpuric spots formed general],y; Blood examina-
tion on 14 August showed: FBC-1.50; Hb,.;.js?%; WBC - 300, She died at 1630‘, 15 |
August. o | | |

Case 9. lale, and dmtcmce from bomb not recorded. Hia only inj\n'y was
(1) Appendix 4 N %L, A : .

(2) See i‘lagasa.ki (}i’c;;r Plan I&ap.
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. Severe Cases; Early Phase, The clinical mgnii'eat.at.iona of this group of

a seall contusion of the scrotum,.. Fever oonémenceq. A1 August, and inocreased
to 40% 4% at the ‘t.ime of death, Epilation commenced 14 August, .and on

the following day petechias were noted, and an herpotiform erupt:lon about ';«
the mouth. Death occurred at 0015, 16 August.. ‘

m

patients became apparent between the 2nd and 5_t.h week after the bombing. |
By that time the severely burned and injured patients had died off to a con-
aiderdble extent. so that the physicians were able to devote more attention s

to purely medicel phenomsna, Furthermore, the relief activities were bet-

ter organized and groups of doctors from varicus medical schools were in

- Nagasaki to aid in the care of patisnts and to study the effects of the ion=

ising radiation. For these reasons mich more information ie available on -
the patients whose illneso coowrved during that time, It ds deairaﬁle to
concdder that this olase of patients were less severely irradiated than the
firet group; but eince they,lived longer mmiféatat;em and ce\mpliéati@né
which were just beginning in the very's overe group had the oppertunity e
develop fully, The veriety of olinicael eyndromes which were seen in these
patienta represented tho predominance of one or another type of oomplioa~
tion, The mest important single difforence between the severe and the very
severe oases was the tempoat which the mzégtatiom of r addation injury
developeds ' | | | |
&!ﬁ; Naugea and Vemiﬂng soon egtcr the exploalon was experienced by the
oajority of pat.&mta, ‘I‘hc timo of onoot when it was recorded, was in the _
early afterncon of 9 August,=2 to 3 hours stt.or the bosbing, Aasocolataed -
with this was soe fever, In the more soriously affected, the nausea end "
voniting und nm fever continued for several dm, t.hm ﬂ“blid‘dv
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The high incidence of nausea and vomiting on the day of the bombing
was observed aﬁé commented upon by all the Japanese, Some recognized the
similarity of this symptom to the nauseasand‘veﬁiting which occurs frequently
in patients receivihé intensive roentgentherapy, The majority of the con-
temporary reports, however, attriﬁuted these immediate symptoms to psychic
shock, exhaustion and the disfreséing odor of the dead, The statistical

study (Sectlon 9) considered this symptom carefully and found that it had

the highest correlation with radiation injury of any symptom investigated,

Course: Latent Period, After the vomiting had stopped, which generally
coincided with a cessation of fever, a latent period occurred, Throughout
the‘duretion of it, the patients were said to ha#e felt well except for
lassitude and ancrexia in some instances, It is apparent that the duration
of this latent periodbis of considerable importance and that it probably
bears.a close relation to the eeverity of the radiation injury, This fact

was not apparent to the Japanese physicians, and therefore no records are

available of the length of this latent period in different types of patient,

From individual records it is found to be wvery short in some, and quite long
in others In the typical.patient'with severe radiation injury it veried
from, say 2 to 28 days ’ ‘The latent“period was terminated by the appearance
of any one of several symptoms ’The order in which these are bresented below
is based on the results of a study of the number of days between the bombing
and the onset of certaln symptoms in a group of patients who surVIved longer
than 20 days._ .

Diarrhea: When 1t occurred in patients with the severe type of radiation
injury, was quite simllar to that whlch affected those with'the very severe
type. The‘etool wes'uatery and mucoid and was reported as grossly bloody
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:m approx.a.mately oneuai.’th of the patients who surv:.ved 20 days, The num=-

ber of stools per day was quit.e variable. Abdom:mal cramping and tenesmus

were not so ssvere as in the" usual case of bac.q.llary dyaentgry. For a large

grbup. of patients, the mean day of onset was the 16th after the bombing,
~and the mean durstion was 10 days. Awong patients whose location would
‘render -t.hem thé most liable to severe radiat.ion :injury, diarrhea was repert-

ed by 50% at soue time after the bombing. The incidence of diarrhea in the

_ persons least. likely to have radistion injury varied from 12% to 30%. With

the appearance of diarrhea. The majority of ths pat.iexrt.s with radiation

' :.njury hecame febri.le. The step—like daily increase of the maximum temper-

ature resembled the fever—curves of the enteric fevers and had t.here not

been _auch abundant evidence for another causation, the majority of experienced

clinicians would have diagxoaed-f"typhoid" or "dysentery"

Among the reports received from the Japanese physicians there wes one
(1) which deacribed bacteriologic and imnnmolog.tc studies of the diarrhea.
Stools of 17 patients ware examined, apparently once, and 8. dysenteriae
(type Shiga) was cultured from one, Serum agglutinationr reactions were
positive against Shiga bacillus in titres in excess of 1:160 in 7 of the 37
patients, In view of the poor quality of lsboratory wark done in Japan

currently, this mst be accepted as a minimun estimate. The etiology of the

diarrhea has been difficult to determine, There was a large amount of
digrhea reported among the survivors, and the incidence was high (12%) in
persons whose position was such that radiation injury seems unlikeiy; The
statistical correlation of diarrhea with such a symptom as epilation wae not
very great, Opposed o thesa findings is the evidence of t.he clinica.l

() Appentix 4 ¥ (13).
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records, when diarrheé of a particularly debilitating sort is reported in
most ﬁatients with the severe type of injury, Regardless of the etiology,
diarrhea was one of the earliest and most serious features of the acute type
of radiation injury,
Epilatioh appears to have been the commonest symptom which terminated the
latent periods and heralded the onset of the acute symptoms of radiation
énjury, It was also the clinical sympﬁom most certainly due to ionizing
radiation, Among tﬁe patients with the severe type of radiation injury,
epilaﬁion was regularly observed, An inspection of the clinical records
indicoted a rough correlation between the time of onset of this sympton and
the severity of the syndrone that developed, In general, the patients
who epilated earliest were the sickest. "The mean day of onset for all pa-
tients who displayed this symptom was the 21st day after the bombing,

The alopecia which develoﬁéd was symmetrical, with a tendency for the

crown to become epiléted earliest, The typical appearance is shown in

Figures 34, 35 and 36; and 37; for children, women and men, respectively,

The obvious epilation involved the scalp and altﬁough the Japanese reported
the loss of hair from eyebrows, beards,zaxillae and the pubis, fow indubitable
examples were seen by’fhe Anerican Members of the Joint Cormission, The

Japanese is not very hairy ordinarily, and the only clinical test of roentgen

epilation which was valid was the ease with which hairs could be pulled out,

This phenomenon was only observed after 1 October in:the.case of the -scalp,
Soon after, or concurrently with the advent of epilation the majority
of the patiepts beqame febrile, If diarrhea withfits.fevér hadrpreceded the
epilation;lthérérﬁéé aﬁtexécerbation. The'patterﬁ of‘the,fever?was’not
characteristib;'alihéughva tendency for a step;liké dail&-increase was ob-
served in many patients, The fever curves which wepce available were of ~ -
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’ everj types  remittent, internittent s and continuous s and the variation

was s0 gréa.t that no s’inglé example can be offered as typical.
In a small number of patz.ents with the severe t.ypa of radiation injury,

- bullae and veaicles appeared on the mbumed skin 2 to 3 weeks after the

bomb:.ng. “The likelihood that such 1es:.ons were a form of roentgen derma-

titis has been suggested. (1) Photographs are available of three examples
of this procesa. ‘The child shomn in Figure 38, ultimately recovered after
8 severe illness, The woman shown in Figurcs39 and 40, died about 10 days
after the photos were made, wit-;h severs radiation diéease.' Thé type of ne-
croeis seen in these bullae is shown in Figurq 4. |

‘At the time that the fever and epilation accurred, either or both of.
two very chara'qﬁeriatic conditions also appeared: orophayngeal ;i.nﬂa:nmatim,
and purpura, There was so great a variety of inflammatory processes in the

mucous membranes of the mouth, throat and larynx that it is- convenlem to

discnsa then jointly. Acima]ly, in most patients the first evidence of these

processes was a gingiv;tia with pa:'mﬁxl swelling of the gums, frequently
associated with some gingival bleed:mg.- From the onset, however, lesions

(1) ©"Sometimes the acute reaction is of the bullous type with large raised
blebs containing sbundant serum not infrequently becoming secondarily in-
fected. If the radiation has been very heavy, ulcers, sharply defined and
punched out, may appear about 2 months after exposure.® : :

-8, Varren, "Effects of Radiation on Normal Tissues", Page 183. Reprint
. #560, Cancer Commission of l!arvard University. o
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occurred in any part of the oral cavity, the pharynx, the larynx, the nose,
etc, With the appearance of such symptons the fever became even more marked
The progress of the oropharyngeal lesions was rapid, From a stage of simple
inflarmation, the lesions becane more extrusive and more painful, A viocla-
ceous discoloration was described in many of the records, and ulceration was
frequent, In the more severely affected, the ulcerative lesions became ne-

erotic, and the contemporary deseription used the terms: pseudo-membranous,

pseudo-diphtheritic, gangrenous, noma, aphthous, etc,, to describe the ap-

pearance, Large, sloughing ulcers developed in many cases, and when these
extended into the larynx, death from suffocation occurred, In the records
of the fatal cases, necrotic ulcerations were a freguent occurrence, while
in the reports of the survivors they were less frequent, énd only approximate-
ly 10% of the most exposed group reported them, Many of the deaths occurred
during this stage, and it seems obvious that these severe infections were re-
sponsible,

The Japanese physicians who were familiar with- agranulocyle angina

stated quite positively that this type of lesion was similar in appearance,

‘Most of them algo said that the lesions in the patients with radiation injury

were more severe and extensive than the ones ordinarily seen with severe leuko~
penia, due to other causes, It was generally assumed that the nasopharyngeal
lesions were of bacterial origin, although there are no recorﬁs of bacterio-

logical stgdies, Thé poséibility that a roentgen micositis or epithélitis

 was partly responsible for. the inceptions of these lesions was suggested by

sone Jhpanesg,wprkers.'rﬁt’one period, the medical officers of U,S,S, HAVEN,
gave the Japanese some penicillin which vas used to treat patients with this
type of lesion, Défervescence and healing was remarkably prompt; (1) vut there

(1) Appendix 4 N (2)
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are no data on the dosacre, or the :mfec ting. organisms. A severe broncho-
pneumonia (See Patholocy Secuon) was a i‘raquent comphcation of these
severe ulcero-necrot:a.c processes in the oropharynx a.nd the upper respiratory
‘t.ract.‘ Amon,, the material from Naga.aakz. there were very few X~ray ax-
aminations or bacteriologic studies of such cases; and the exbensivenese
of the pulmonary leaions was only a.pparent at autopsyg
The maan day of onset after the. bomb..ng s for oropharyngeal lesions was
.the 22nd day, and: t.he mean duration of tha lesions was from 10 to 12 days. .
In the most exposed grouo of patients who hved longer than 20 days, ap~
proximtely 4% had some type of mflmmtion in the moyth or throat., Since
this group includea many less severely affected cases; the incidence in
severe cases was obviously very h:.gh.
gura (1) appeared in paticnts with the severe ’oypé_ of radiation in-
Jury at éﬁout the same time asv the oropharyngeal inflammat.ién. Naturally,
.th.ere wa.s -soms irariatioh between cases, sc that in one patieut ithe one
aymptdm ﬁould occur first, and in another thé other. Among the severe cases,

the ma:]ority eochibited'both phenorﬁena., whlle in the milder cases, one or the

other might occur alone. Figures 42, 43 and l;k show ‘typical exaaples of the _

" cutaneous purpura.

(1) Throughout this eect:.oh, the tern purpurs will be used to include
hemorrhagic manifestations of all types, such as are customarily
seen in patients with purpura hemarrhagica. The terms hemorrhasic
tondency and hemorrhaelc diathesis were favored by the Japaness;
bub they have restrictive connotations which purpura does not,

o (s8y 28




The changes hemat.ologic find:mgs in these natient.s cons:.sted of
thrombocytopenia and alterations in bleeding time and clottmu time, The
earliest manifestations of purpura were ging:.val bleeding and petechiae,
In cases with marked purpura every lmovm sort. of hemorrhaglc manii‘estation
was _obae;‘ved. Epista:ds and m:horrhagia. were especially aerious because
| large émonnts of blqod were lost, and co_nbrol was difficult. In many con-
temporary Jépaneée' reports .the statement appea.ra;.’that "gvery known method of
controlling hénorrhage;failved". 'In addition to the obvious manifestations
of pﬁrpdra,.,-‘hemorfhages occmed in the viscera and thé central nervous sys-
tem which contributed to the symptomatology and the mortality. In general,
‘there does not appear to have beén anything unique gbout the purpura. FPhysi-
~ .‘oi_ana ,wv.tth hematblo‘gic expé:ience said 'that; it resembled that of benzol poi-
| éb,ning mést .c‘l‘ose.'l,y,l and wés’ of shortez; dﬁrationo A
The mean onset of purpura was on-thei 2l..th‘c'la.y after the barbing; and the
maan dtn'atiori in the most severely affectéd group of patients was 13 m.
The incidence of pui‘pura‘ in the x;zost exposed group of shrvivoré ‘was 28%;
vwhich is 8 low va.‘l.uo. (1) ' |
In some of the sevareccaaas where vesicles (2) occurred in t.he skin pf
patients with purpura there was hemorrhqge into them and such lesiona then
'broke down and became ulcerative, (See figures L1 and 45.)
ggm,t_;_ an of wounds and burns which had been healing satisfactorily
ocourred in the early phase of the acute stage. This appears to have been a
rather gé_neral occurpéma, and it is reported in meny of the contemporary
(1) For a complete diecussion of the mean onset duration snd incidence of

eyuptons, see the Statistical Sectian,, (9).
(2) Appendix 4N (1)
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reports, The common glass fragment wounds whose tendency wes to heal
slowly (because'the fragments frequently were not removed) were particu-
larly affected, These lesions became severs necrotie, often ecthymatous
ulcers at this time (figure 45) and undoubtedly contributed greatly to the
septic state of the patients,

- The blood picturé during the acute or carly phase of the severe type
showed striking changes with leukopenia, and thrombopenia, Anemia was less
marked, although the serial.studies showed a steady decrease in red cell
count, The changes in the blood are described in detail in the Blood Sec-
tion (5),

An exanple of é typical fatal case of the severe type of radiation in-
\jury is presented, It-is a synthesis of several incomplete records:

Case X; Age ?, Was less than 1000 meters from the center, He received
no burns or mechanieal injuries, Nausea and vomiting occurred on the day of
the bombing and persisted for several days, He then felt fairly well for the
next 7 or & days, when a dierrhea commenced, associated with moderate fever,
On the 12th day after the bombing his gums became‘painful and his throat sore,
On adnission to hospital he was febrile (38,5°C) and the cervical lymph nodes
were sllghtly swollen a.ncetender. ‘He noticed epilation for the first tine,
'\The following day glnélval bleedlﬁg and eplstax1s occurred ‘and petechiae were
found 1n thc skln of the leps and arms. The dlarrhea became more severe, His
tennerature was increa51ng steadlly. Durlnw the next few days, his guns and |
throat became ulcerated and awallow1ng was. almost 1mposs1ble Meanwhlle,
purpurlc spots apéeared generally and gross hematurla was noticed On the

following day h1s vis1on suddenly became dim, anJ dellrlum occurred His

| fever wes contlnnous, varying from 40 - 41 C ' He dled suddenly on the
286
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| l&bh day after the bomoing. The clin:.cal picture which has been presented
thus far may be conaidered the early, or acnt.e phase oi‘ the aevera type of )
' ra.d:.ation injury. Ha.ny pa.tients died within a weok: or two of the anset ofi‘:
:some or- all of the sympt.oms mentionedo Of this gz'oup we know on].y ]ittle,;
clinically, although aince many came to autopsy, there was abundant patho- |
1ogica1 material. The patienta who aurv:nved two to three weeks in epite of
the lesions descr:.bed generally went on to Tecovery. These patients were |
rather thoroughly studied during conva.leseence, and moat of t.he studies by
.the Ja.panese ’ and a11 the stud.’nes by the American doctors were pez'formed on'
them, as well as on the moderat.ely severe and mild cases. In mamr of the |
Japanesereports all the sm'vivors are grouped together and a preeentation of
the oouraea of the various typea of radiat.ion in:]ury (i.e. aevere, modarat.e,
and mild) is difficul‘b. Unfortunately, the same lumping togethar of all

' am'vivors has been pracuced in the statietical gtudy of the questionnaires.

Nevertheleaa s there wm-e difforences wh:!.ch we shall attempt to preaent.
Qw' ggea Late ghasez '
The convalescence of patients wit.h severe radiation injury bogan rather

ouddenly, and in genoral coinoided with a.n increase of the 1eukooyt.e count
wh:nh occurred in the 5th - 6th week after t,he bombing. Defervescence ap- -

»peara to have been repid; and in t.he course of 2-3 weeks the ulcerating lesiona

in the orOpharymc ‘and the ekin haaled., Wounds whj.ch hed baen 3uppuratin_g »
displayed the same tendency to improvement. The purpura Aeubaided, ‘and frésh
petechiae and new eéiaodea of hemorrhage did not occur, There does not ap-
pear to have becn mch change 1n the epilated ald.n during the ﬁrat 2-!.. |
weeKS of convalescence s and only a few cont.emporary reparts describe the
regrowth of hair at this time. The red blood csll count reached the lowest

67 (51) o | 287



value on an average, during ths early weels of convalescence (7th - 8th week

after the bombing). In soms patients whose acuts course had been particulérly |

stormy, the coincidence of anemia and an intercurrent infection was often fa~

tal. The majority of the infections which occurred at this time were of the

respiratory tract, and in spite of a falr leukocyte response, some patients
' died with pneumonia, |

It 1e difficult t6 generalize further about the course of patient's Gur=
ing convalescence for the rapidity of their recover& .depended on a vaﬂety of
fé.ctors,- the more lmportant of which were: the severity of the radiation in-
Jurys the ioverit.y of the asso’cigted injuriocs and s.nrectiona; the degree of
enaciation and debility that had developed during the agute illness, etc.

The younger patients, and those with fow or mild assooiated injuries

usually dmproved slowly but steadily, 8o that by mid=October (1.e. 10th week)

the majority were sufficiently recovered to leave hpap:l.t.a.l, and to iem

| thsir habitual ooou,patione. A swmmary of the clinical record of a typical

oase is presented:

Case 3054, K. llatauo, Age 49, Malo, 1200 mo%rtu

‘Patient was standing outdooors behind a wan. and reooived a m.nor nd
degres burn of facs and nock. Nausea and vomi.t:lns ,ooomod only cn the day
of the bosbing, He remainsd fairly well, except for the bume until 22
August (13%h day) when gingivitis developed, Epilation was firet noticed
on B Auuuib and hair ocontinued to fall out; untdl 10 Septomber., Purpure
commenced 5 September, but was not very o overe. Phsrmgi.tu, which was
quite severs started cn 7 Scptenber. The uwlooration healed within 10 daye)
but sorences was still present in Ootober,
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mahxina;tioh of Rlood:

-  pate __H_gg__ CmC. i . BLERDING TOE
|   8‘ September 608 3.30 50 220 0o" |
,_.13.. EN o 558 2.2 1100 10100" |
P 20 o. | - 508 2,60 3600 600" |
12 Octbbez_' | | | 88 - | 6900 | ..,‘ |

25 m | . - 6150 -

¢ 5 November g - 8900 - |

" 053 chara.‘cterisbtic géoup of patients was studied who had snrvived the | . |

~early or acute stage of severe radiation injury, but in whom convalescence

did not occur, on the usual sense of vhe word., 'The oropharyngeal lesions s |

and the purpuré disappeared, and the fever subsided; but a steadily progreas-
ive ‘cac_he:':ia_developedo' The clinical findings in 15 such ’cache'c't}ié patieﬂts ' :
ar; described in a report by Urabe and Henjo (1)o |
@ . "Th‘ev f.yp:l.cal features of the syndrbme were: progressive azzeeniag chronic
. dia&rhea; bhjpgprotéinémia, with mutritional edema; and eﬁtréme emacié,tion;
.7 '62‘ these_ patients died anci werév autopsied during the perioé of sfudy by
.t.he Joint Commission. Complete autopsy protocols are filed in the Arny In-
stitute of Paphplogy,(nccession Numbers 158930--184, 190, 192, 193, 194,

195, 196). - | |
4 Modératg;y.‘ Severe Cases, . C N
- . ffhﬁ.s type of the syndrome of radiatioa illness ocecurred frequently in
‘ people ,ﬁhq were farther than 1500 neters from the bomb, There were also
»

v mé;by c'aées in the cccupants of the reinfarced concrete buildings of the Hos- .
pital of the Nagasali Medical College. The incidence of any of the specific

(1) Appendix & N (%)
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symptoms of radiation injury was about 2/3 of the frequency in patients

with the severe type. Epilation appeared in the moderately severe cases

on an average in the 3rd week'after the bombing, It was less complete than
in the more heavilj irradiated patients, and the regrowth of hair was evi-
dent early in convalescence. The majority of such patients experienced nausea
and vomiting shortly after the/bombing, but the symptom seldom persisted af-
ter the Pirst day, The latent period before the onset of typical symptoms
was protracted, and varied from 2 to 4 weeks._ During this time, diarrhea

wa$ reported by a portion of the patients but the available descriptions sug-
gedt a mild type in comsarison with that which occurred in the more severely
injured, Oropharyngeal inflammations usually terminated the latent period but
these were mild, and although painful, swollen lesions occurred, ulceration
wes the exception, The course of these‘lesions'was short, and the amount of
ggigg that aecompanied them was seldom of high degree or long duration, 22;—
pura occﬁfred in many, but the manifestatiohs consisted generally of gingival

bleeding anglsome petechiae, Wound infection was common, but was of moderate

severity, The degree of leukopenia which was recorded was variable, but it

seems correct to say that in most patients the white cell count was not less

than 1500 per cubic mllllmetor. The constltutlonal, or subjective symptoms of

malaise, anorexia, lassitude, headache, etc., were more apparent, and often -

more distressing than the speciflc symptomatology. -Good examples of the

course of patients w1th the moderately severe tyDe of radlatlon 1n3ury are to
be found in the eye w1tness accounts, (13) ane (18) Appenalx 3 N,

Mild Cases: Pbtlents with the mlld type of thc syndrome of radlat1on 1ngury
were. generally farther than 1500 meters from thc center, or were in well
shielded locations, The spec1flc symptoms of radlatlon ingury. epilation,
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};purpura, oropharyngeal. inflemmation, and nausea and vomit;'ng on the. da,; of

,,,,,

.the bomb, either did not occur, or.occurred smg;y end in. a.A very mild. form.

- The rgcqgnit;on of. this class of patients. depended to a large degree on.
~ whether or not a leukocyle count was made at an appropriate time. This kind
of patie;tb_ had;leukopgnia ranging from 2000 to 4000 w.b.c. during the 4th to

6th week after the'b.omb'ingo. In addition to.the leukopenia and the occasional
incidence of a specific symptom, a vg.riabJ_.e muber of constitutional symptoms
_of complaints occurred, @aise,‘ “casy. fatigue, anorexia and headache were -
common in this type of patient. A moderate degres of .anemia occurred, and
it seems reasonablga_tha{j, many oi,ﬂ the complaints were due to this., These pa~

tients began to feel better after the 6th to Sth week, and by the time the

" Joint Commission arrived in October, most had made good recoveries , both symp-

.tomatlcany and to some extent, hematologically. Typical exarmples of the

mild form are to be found in the eyo witness accounts: (1!,;) and (19), Appendix

3N, o , o

Special StuQies: A ,det_,ailed 'descg'ipt-_ior} of the .;maxtifestﬁtion of radiation -
injury on th§ various régiong. and functlions of the human body would prolong

thia section to an 1m§esirabie extent. lany studies of special features of

radiation injury were carried out in Japan and some of these cohtributed con- -

aiderably to an understanding of the clinical syndromeo '

Eyes: Membws of the Eyeo Clinic of the Kyushu Imperial University were in
Nagasaki from 24 august en. Thelr reporélgf the type of ocular injuries is
the only contemporary ons available.e The burns and traumatic injurlies to"
_éyes were of the sort that would be expscted. Lesions éﬁtribut‘ab_le to

(1) appendix 4 N (7).
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' padiation injury were described in a second report. (1) They stated that

retinal hemorrhages were not obscrved before the 10th day after the bombing.
After that time purpuric lesions were zlso seen in the lids and the sube
Junctival tissues, At soms time subseguent to the; 15th day thoy examined:
the fundi of 155 patients with the clinical syuwptoms and laboratory f£ind-
ings of radiation injury, Of these, 22, or 4% were found to have retinel
hemorrhages. An excellent water-color painting of the retinal lesions in
one of their patients is renroduced as Figure 46. |
At a later date, betwesn 20 September and § Octobsr, Major dJohn J, Flick,

H,C. A.U.S. examined the eyes of & number of patients with radiation injury.
The incidence of hemorrhagic retinitis is not given in his reporf(f)but the
details of the lesions in 46 patlents are presented. The typical lesion ob-
served, and the frequency of their occurrence is shown in Table 13, This is

a very useful report with case histories o illustrative sketches.

TABLE 13
INCIDENCE OF RETINAL LISTONS

IYPE PER CENT OF PATIENTS WITH
RETINAL PATHOLOGY#

Exudates . B 5o
Flame hemorrhages 5403
Pre-retinal hemorrhage o 23.9
Roth-type hemorrhage . 8,6
Vitreous hemorrhage ' © ol

(1) Appendix 4 N (8)
(2) "Ccular Injuries Produced by the Atomic Boabing at Nagaaaki" by John J,
;iig!;s Major, M.C, filed at Army Institute of Pathology, Acceseion
58930 .

*Percentages add up to more than l00% because more t.han one type of leslon
occurred in some patients.
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(1) Appendix

Ears, Nose, Throat: I)z-° z(asn:n. rodo (1) exsiined the ears, nose and throats of

| approxirately 150 inpatients. rzd 50 ouup_.t.f_cnbs who were con «.ra,lescent or

‘ recoizered from radiation injury. 4 sm<.11 pvrcent &E8 comn’! a of dr;meas y

of the nose since the bomb:mg,o ‘Ifherevwas no ep*:.aenca that such a condition
was due to uradiation. _ e |

- An,int.ere,etmg clmlcal,‘report of tzftc sisters who developed laryngeal
i:xvolvgment”aa' a featurs 6i‘ the oropheryzigeal inflammation stage of radiation
injury, was prepared by Dr, Sasaki and his ae=ociates.(2) Tracheotony was
necessary in each case; al‘chough in one child there was laryngeal eacma,

-while the other developed a severe necrotizing ulceration., Coloz'ed illustra~

’ tions of the pathol%ic desions which accompanied the report are ‘shown in -

- Figures 47 and 48, These are the only good pictvres of the type of lesion .

that océurred in the mucbs"a. membrancs of patients with rediation injury.

' Cardio-vascular System: The report of the I Medic_:all Clinic (Dr. Misao,

Chief) G) includes so'me studies on the cardiovascular system,. Systolic mur-

‘ .mure, and accentuation of the 2nd pulmon:.c tones were observed in about 1/4

of the inpatienta with radiation di.eea,ae. The murmurs were the typ.x.cal"hemic"'
mrzurs, .Dist.urbanqes of the cardire \rhyt_hm were not encountered. Electroe

cardiograms were made on L5 patients with various typea of radiation injury,

The ‘ébnormalitiea observed were:

LN (28) |
22) Appendix 4 K (9)
(3) Appendix &4 N (3)
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a) Low T=waves (but the reporf does not indicate how low, or in which
‘leads.) ' - | \ ]

b) Depression of S~T seginent (Same comment as in a.)

#

o) Left axis deviation (but the report does not give the amount,)

The frequency of these changes in the ECG waried directly with the
apparent Severiﬁj of the radiation injury, as judged from the leukocyte
count, and the hemoglcbin value. | ‘

Gastro=intestinal System: The sécretory acti_vity of the salivary glands was
studied by Uisao's group- (1) and the ptyelin content of saliva was within
normal limite in 1L pe.iientso Panereatic mnction waé studied by Sewada's
group (2) and the diastase activity of the mrine was normal in the 17 pa-
tients with rediation injury. A number of clinice mported urﬁ.nulyaea for
suger, all of which were rnegative, In one group of 13 patients (3) stud- | “
ied by Dr. Hirohata, the fasting blood suger was normal, varying from 8l=

19 mg.s. Gastric seoretions were studied in saveral olinles, and & amn

peroentase ‘of anacidity was found. Kishimebo studied 20 pnticnta at Omure

| Na.va:!. Hoopital using histamine as a otim.!.a.tins substance, Heo could find

no evidence of altered seoretion of HOl, | He aleo performed gastrosoropie

exaninations end fluoroecopio studies, all of whi.oh Voo noriad.

$

Hepatic function was the subjeot of a number of studies, The mothode
used were not the most medern, and the otudice were inconclusive, Hleveticn
of tho 1e£ors.o index vias obaarved in only 1 of 17 patiente with & veriety

1) Appendix 4 N 3;
2) Appendix 4 N (1

3) Appondix 4 N (14)
L) hppondix 4 N (29
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~ Genito-Urinary System: "Urinalysis 'v"a,s perf‘amed :Ln most 'clinics’ , and a

~of wpes of radiat.«.or- Ln,]u *y with a varleb" of tdq e5 of z a",am.on JIlJllZ" .

(Sawa,gia study) . Uroblligen excretj,on‘.‘.n urine wae studied in meny ,}.clzs.mcs 5

~ but the reports are contradictory. The techniques used for this, and other

f'liver function tests ware not relisble. . .

varying mmnbsr of pa.tients wore found to have albwn..nur:r.a. At Omura Naval
Hogpital (1) 17% of the pahients wit.h rad: at:.on injury had albumnurz.a,
usua]ly graded 1 plus or 2 plus (on a scale of. 0 vo 4). Cons:z.dermg the

hlgh :mcidence of infect..on in all patients, this doea not seem excessive.

Hicroscopic examinat.ion of the urinary sed.msnt was not remarkeble. Renal
funct.ion was teated by a conz.entra.tlon-d.f.lutlon tecbmc b,y Iamanmra( )
reduced "flmc'bion" was found m a. few old.er patz.ants. |

No at.udies of the mnle reproductive ayst.em were ccnduci:ed in Nagasakz.

. Changes in menstruation were atudied by a group headed by Kaida The de-
_gres of disturbance varied inversely with the distance from the bombo The

extent of menstrual disturbance reported b,y Kaida is not confirmed by the ‘

,Joint comissionA's tatisiical study. (Séctioni 9)e The effects of the

bonbing on pregnancy was also studied by Kaida (3) with the co.uaborat:{on of
the local obstetricians and midwives, Pregnant wonen did poorly after ox-
posure to ionizing radiation in large doses,

(1) Appendix 4 N (34) | o
(2) Report on file at Army Institute of Pathology, Accession No, 158930,
(3) Appendix 4 N (30), (31).
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Biochemieal Studics: Hirchabs &b Kyushu Imperial University performed’ 9
rany chemical studies on the blood of 32 convelescents, (1) The most
- striking features were:

a) Reversal of albumin:globulin ratio, with persistently low values |

for plasma albumin.

b) Normal values for fibrinogen, globulin, NFN, Urea N, sugar.

c) Low valuss in some paticats for serum celoium, This £inding was
not associated with low velues for plasme proteins. | '. |

The only other chemicel studies recorded were estimates of the vitamin
C saturation, done by Sawada's group. (2) e evidence for vitamin C de~

ficiency appears to be good.

(1) Appendix 4N (14)

(2) appendix 4N (1) o ‘ %
5
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When deboratory sbudies wero made at eppropriate intervels of time after ex- .

posure chenges in the bloed ware found, cornsisting of:

e) Leukopenia

£) Anenia

z). Throsbecyionenia

In eny group of peiients the intonsitvy and the incidence of these findings

was in direct proporticn to the anount of wni.m.nq rad.mtiun receivad.

1

2de Yo descrit she Cll..l.z. al mck'ome of rs dia.tion

These

obaservations viiich are based.on 8 sbudy o Japenese injured by atonmic bombs

provide o scund U;SJ sor the dizgnozls of tho syndrome of radiation injury,

-

an: Loy an estimaste of ite severity.

&) an dmporbont wsnoot of the cliniesl course was thw tempo ab which
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i sncu* Tie sm:s oas appearci after iluradiation, :nd the rapldihy with which
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rapid theiprogress of the disease, the more severe was its‘manifestatinnsg
and the graver the prognosis,
5) In addition to these specific manifestations the patients complained

of e large number of varied symptoms, Of these, diarrhea was the most im-

' portaﬁt and troublesome, both to the patient and from a Qiagnostic standpoint,

There is little reason to doubt that exposure to ionizing rediation in suit-
able amounts can cause a severe, even bloody, diarrhea, The circumstances in
Nogasaki were such that the high incidence of diarrhea in people with no evi-

dence and little likelihood of radiation injury, rendered the symptoms of

little value in diagnosis. Thé other symptomatology complained of by the pa-

tients was of a non—specifié nature, or due to complications,

(6) On the basis of such tests as wére used, the doses of ionizing radia-
tion which wére not fatal did not cause continuing démonstrable disturbances in
the physiological functions of the cardiovascular sysiem, the gastro-intestinal
system (excepting the diarrhea); and the genito—urinéry system (excepting the

damage to the gonad),
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Fig. l (" 5N) -Graph showing percenta.ge of survivors in each ring zone who‘

suatained mechanical injuries,

(Photo File #NP 167. )
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Fig. 2 (5N)--Photograph of & board fence and a pole at about 1200 meters .
from the center. Notice: a, the unscorched "shadows" cast by the grass
and weeds; b, the typical sharp profile of a flash burn on the pole;

¢, the emall stick which has been driven into the board by the air blast.
Had it been there before the flash of the explosion there would be & shadow
of it. (Photo File #NE 100c.)
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Fig. 3 (5N)--Typiuval scene inside the Morimachi plant of the Mitsubishi

- Steel and Arms Works, at 1300 meters, showing the type of damage respons--

ible for injuries. This was the casting shop: One-half the workmen here
were casualties, and of those who were not killed outright, 80% received
mechanical injuries. (Photo File #NB 436.) '
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Fig. 4 (5N)--Mitsubishi Arms Factory, 1100 meters. Type of damage that
occurred to light concrete, steel-framed buildings. Notice the corrugated
sheets from the roof, which caused serious wounds. ' (Photo File #NB 438.) .
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. Fig. 5 (5N)--Scene inside a heavy machine shop of the Mitsubishi Steel
Factory, 700 meters. T0-80% of the workmen in this building were killed,
and of the survivors, the majority had received mechanical injuries.
(Photo File #NB 458.) '
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Fig, 6 (5§)--Keihe Middie Behesl, &t & distanse of 1000 meters. This
ghewe the typieal debris that remained after the demelitien ef & 1A¥gES
timber-framed building, Netiee that the weed had neh burned and that

the majerity ef the reef timbers are quite heavy beais.

Tirtually every

persen in this bullding wvas injuzed, but the number sald te bave been

killed instantly was small. (Phote File #§B 416.)
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Fig. 7 (5N)--Chinzei Middle School, at a distance of 500 meters. The
view shows the wreckage of the 3rd and 4th floors.which collapsed. This
reinforced concrete building was heavily demaged, and there were no
survivore on the 2nd, 3rd, or bth floors. (FPhoto File #NB hlh.)
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Fig. 8 (5N)--Surgical Clinic of the Hospital of the Nagasaki Medical
College, at 800 meters. Scene is a ward on the lst floor of a reinforced
concrete building, showing how the heavy plaster interior trim has fallen
from the walls and ceilings. The bed patients were trapped under this
debris, and many were burned to death before they could be reacued
(Photo File #NB 402)
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Fig. 9 (an )--Ya.mazatoma.chi, a residential section, Just beneath the point
where the bomb exploded. Notice that the trees and poles are standing,

but with branches and cross-arms siripped off. The complete demolition of -

houses is shown. Notice that all the debris did not burn. There are no
known survivors from this district except people who were inside cave-
shelters. (Photo File #NG 168.)
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Fig. 10 (5N)==Shifayamaﬁaahi, minieipal tenement dis%riet, 700 meters,

showing the demolitien of Japanese type heuses. The appearance 18 very
1ike that seen in the wake of & tornado or & hurricane, The few buildings

that are standing were built after the bembing, Notiee that five does net

appear to have soeurred here, 00 6f the pesidents of this dlstriet were
killed. (Photo Pile #NG 17h.) -
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. NAGASAKI
RELATION.OF LOCATION OF PATIENTS TO INCIDENCE OF
MECHANICAL INJURIES BY RING ZONE

70
60
50
-
% 40
w
o
B 4
w
a 30 A
20
10
0 ] A I N § 1 ] | ] | .
0 038 10 5 . 20 - 28 30 . 3% 43 35 5.0
- " DISTANCE - KILOMETERS FROM CENTER .
RING ZONE | 1 | 2 | 3 | &4 | 8 | s | 7 ]

AFig; 11 (5N)--Solid Line: Percentage of people who_were'ineids:VOOden

buildings and who received mechanical injuries. Broken Line: Percentage

- of people who were outdoors, unshielded, and who received mecha.nical

injuries. (Photo File #NP. 168 )
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Fig. 12 (5N)--"Shadow" effects on the painted surface of a gas storage
tank, 1500 meters. The radiant heat has glazed the paint that it is
shiny in comparison with the dull surface which was in the shadow of the

support. The black shedow to the left of the support is caused by sun=- <
light. The indefinite border of the glazed area may be a penumbral effect.
(Photo File #NE 10L4.) , , _ .
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RELATION OF LOCATION OF PATIENTS TO INCIDENCE OF
THERMAL INJURIES BY RING ZONE
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Fig. 13 (5N)--Solid Line: Percentage of people who were outdoors, unshielded,
and who received burns. Broken Line: Percentage of people who were inside

‘wooden buildings and who received burns.

(Photo File #NP 169.)
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Fig. 14 (5N)--Kunimoto, 19, Male. Distance unknown. This man was dead

- on arrival at hospital, approximately 12 hours after the bombing. Notice

the extensive 2nd and 3rd degree burns of exposed skin, with charring,
exfoliation, and vesicle formation. Burns of this severity were said to
have occurred within 1000 meters. 10 August 1945. Omura Naval Hospital
Photo. (Photo File #NP 153.) ' o
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Fig. 15 (5N)--Akiyama, 60, Female, 500 meters. Died 15 October 1945,

This patient was prone in the open. She was burned on exposed skin, as

well as on skin covered by clothing. This picture was made by the Japanese

" in late August. The burns shown healed elowly , but she died from radiation
injury. Omura Naval Hospital Case No. 3098 (Photo File #NP 105 b; AMM

Accession 158930- 193.) A
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Fig. 16 (5N)--Fukabori, 34, Male. 800 meters. This patient was sitting
inside a wooden house. He received 2nd degree burns of the left side of
his face and neck, left foot, and both hands. Notice: &, epilation of
scalp; b, depigmentation of the healed burn; c, zone of hyperpigmentation
between burned and normal skin; d, the cauliflower ear, & healed peri-
chondritis, secondary to the burn. 11 October 1945. Omura Naval Hospital
Case No. 3211. - (Photo File #NP 103.) : S
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Fig. 17 (5N)--Kasasa, 48, Male. 900 meters. This man was standing in the
position shown, facing away from the bomb., The air-burst occurred Jjust
behind and above his head. He was wearing heavy cotton military-type
clothing which was scorched and destroyed by the radiant heat. He de-
‘veloped very mild symptoms of radiation injury in addition to burns.

See Figure .18 (5N). Shinkozen Hospital Case No. 1396. (Photo File

#NP 123 b.) : ,
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Fig. 18 (5N)--Kasasa, 48. Male. 900 meters. This photo shows healed

2nd degree burns that occurred beneath a heavy cotton khaki shirt. Notice
the zonme of hyperpigmentation between the healed and the intact skin and the
depigmentation of most of the burned area. There is some keloid formation
on the elbows. November 1945, Shinkozen Hospital Case No, 1396. (Photo
File #NP 123a.)
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Fig. 19 (5N)--Maeda, 19, Male. 1000 meters. This patient was standing
outdoors. The burns on the back and arms were received underneath a
white shirt. Notice the depigmentation of the healed skin in comparison
with the intact skin and the zone of hyperpigmentation between burned
and healthy skin. There is also keloid formation on the right elbow and
a healed perichondritis of the left esar. October 1945, Omura Naval

- Hospital Case No. 3157. (Photo File #NP 160.)
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Fig. 20 (5N)--Fukabori, 26, Female, 1200 meters, is patient was

sitting inside & wooden house by & window. She recelved 2nd degree burne
of the exposed skin of face and neck (notice the collar line of her blouse)
and also severe burng of her legs which were covered by long khaki trousers.
Notice the combipation of pigmentation and depigmentation of the healed
burns of lege and feet, 11 October 1945, Shinkozen Hospital Case No., 409,

(Photo File #NP 11Ta,)
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Fig. 21 (5N)--Fukabori, 26. Female. 1200 meters. Close-up view of face
and chest of patient shown in Fig. 20 (5N). Notice the depigmentation

of the burned skin of face and neck and the zone of hyperpigmentation.

The skin of the chest, protected by her shirt from the radiant heat, 1is

a dirty brown color. This appeared subsequent to the bombing and had the-
appearance of roentgen pigmentation. 11 October 1945. Shinkozen Hospital

Case No. 409. (Photo File #NP 117b.)
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Fig. 22 (5N)--Matsuo, 22. Female. 1300 meters. This patient was sitting
outdoors and received 2nd degree flash burns of the ‘exposed skin of face,

“neck and forearms. The burns of the arms and shoulders occurred under

dark-colored clothing. Notice the variations in the pigmentation and
depigmentation of the healed burns. The bandage covers & healing peri- oo
chondritis, right ear., 11 October 1945. Omura Naval Hospital Case FNo. :
3235, (Photo File #NP 108.) '
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Fig. 23 (5N)--Nonaka, 23, Male. 1400 meters. This man was standing
outdoors wearing only trousers. He received 2nd and 3rd degree burns

~ of the exposed skin. Notice: a, the keloid formation on neck and

shoulders; b, the variations in pigmentation--in general the severely
burned skin is depigmented. Thie is quite obvious in the case of the
right nipple. The skin which was slightly burned is pigmented. 11
Octob?r)l9h5. Omura Naval Hospital Case No. 3209. (Photo File #NP
103a (K).). ’
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Fig. 24 (5N)--Akase, 15. Female., 1400 meters. Thisppatient was stand-

ing outdoors wearing green-colored clothing. She was burned on all

exposed surfaces and on her back underneath her clothing. The burns on

the feet, which were bare, and the ankles are quite typical. The dark

color of the unburned skin is partly due to the lighting. The record

does not state that the skin of this patient was darker in color after 4

the bombing. The burns shown were healing, and she ultimately recovered. -
Japanese photo, August 1945. Omura Naval Hospital Case No. 3140. (Photo ‘
File #NP 131.) : i ' »
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Fig. 25 (5N)--Toragoro, k4. Male. 1600 meters. This man was facing
the center of the explosion. The burns on his chest and arms occurred
under clothing. Notice the marked pigmentation of all the healed skin.
The contrasts of pigmented burned ekin and the unburned "shadows" on the
face constitute the "mask" seen on many patients. Notice the hyperpig-
‘ R mented zone on the neck between the burned and healthy skin. October 1945.
« . See Appendix (3N) 14. (Photo File #NP 12kb.)
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Fig, 26 (5N)--Tamiguchi, 17. Male. 2000 meters. This patient wes stand-
ing outdoors and received this extenmsive burn under his clothing. His
shirt "ourst into flames," which undoubtedly accounts for the severity of
the lesions shown. Notice the irregular area of burned skin on the neck,
possibly caused by wrinkles formed when he turned his head. October 1945,
Shinkozen Hospital Case No. 427. (Photo File #NP 120b.) :
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Fig. 27 (5N)--Kinoshitae, 19. Male. 2 00 meters. This patient was prone

outdoors. The burns on his back were received under light-colored clothing.
The cause of the unburned "shadows" on the left arm and the left loin is
not known., Notice the pigmentation of the healed burn in comparison with
the intact skin, Some of this color is due to hyperemia of the healing
skin, ‘There ie a narrow zone of depigmentation surrounding the burn. .

11 October 1945. Omure Naval Hospital Case No. 9. (Photo File #NP 119.)

325




Fig. 28 (5N)--Tsuyama, 15. Male. 2200 meters. This boy was burned on
the exposed skin of face and neck and underneath the white shirt he was

wearing. The irregular margin of the healed burn of the neck coincides

with wrinkles formed when he looks upward and to the right. Notice the

depigmentation of the healed skin and the zone of hyperpigmentation that
outlines the burn. November 1945. Omura Naval Hospital Case No. 3399.

(Photo File #NP 121.) - ‘

326



Fig. 29 (5N)--Kanemura, 30. Male. 2400 meters. This man was standing
outdoors wearing a white sleeveless shirt and trousers. The distribu-
tion of the burn in relation to the shirt is evident. The healing skin
is darker in this picture than the normal skin. In the Kodachrome print
it is seen that some of this is due to hyperemia, or at least redness--
gome of which may be pigmentation--of the burned skin. The pigmentation
is particularly apparent in the mask configuration of the burn of the -
face. 11 October 1945. Omura Naval Hospital Case No. 3030. (Photo
File #NP 1llc (K).) : B -
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Fig. 30 (5N)--Iruyama, 33. Male. 2400 meters. This patient was stand-
ing outdoore and was burned only on exposed, uncovered skin. ' The photo-
graph shows keloid formation and irregularity in the pigmentation of the
healing skin, 11 October 1945. Omura Naval Hospital Case No. 3189.
(Photo File #NP 1lla.)
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. Fig. 31 (5N)--Shiozaki, Age 15. .Male. 1300 meters. This patient was inside .

a concrete building, the interior of which was demolished and then caught fire.
He was wearing shoes and gaiters, but received 3rd degree burns on the legs

escaping from the building. The changes in the pigmentation of the healing

skin and keloid formation are shown. 11 October 1945, Omure Naval Hospital®
Case No. 3194. (Photo File #NP 100.) '
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. NAGASAKI -
INCIDENCE OF RADIATION INJURY BY RING ZONE
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Fig. 32 (5N)--80lid Line: Percentage of people who were outdoors, unshielded,
or inside wooden buildings, who received radiation injury. Broken Line: Per-
centage of people who were inside heavy (concrete, brick, factory-type) build-
ings, who received radiation injury. (Photo File #NP 170.)
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Fig., 33 (5N)--Kosumi, 48, Temale, Distance unimown. This is the body of &
petient who dled during the 2nd week after the bombing. In addition to the
flagh burn of the face, the photo shows lesions about the mouth whioch oom-
menced as an herpetiform eruption which later became neorotio. - Japanesge
photograph, Omure Naval Hospitel, (Photo File NP 1%L.)
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Fig. 34 (5N)--Photograph of three siblings who were at the sams (unspecified)
distance from the bomb. This picture was made at the Pediatric Clinic of
the Kyushu Imperial University during August 1945, No other data are avail-
able. (Photo File #NP 125b.) '
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Fig. 35 (5N)--Maekawa, 32, Female. 1700 meters. This patient was inside &
wooden house and received minor wounds and radiation injury. Epilation com-
menced 20 August, fand this photograph was maede between that date and 1 Sep-
tember when severe symptoms developed. Omura Naval Hospital Case No. 3100.
(Photo File #NP 107b.)
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Fig. 36 (5N)--Maekawa, 32; Female, 1700 meters. This is the same patient

as in Fig. 35 (5N). This picture was made 11 October, approximately 6 weeks
later. There is no evidence of regrowth of hair at ‘this time. The patient

was still quite weak due to radiation injury, but she ultimately recovered.

Omura Naval Hospital Case No. 3100. (Photo File #NP 10T7a.)
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Fig. 37 (5N)--Inaba, 22, Male. 900 meters. This patient was inside a
wooden building and received many lacerations by glass fragments as well as
radiation injury. The photograph shows epilation and healing wounds of the
scalp. He was convalescent from the effects of radiation at the time the
picture was made. November 1945. Omura Naval Hospital Case No. 3069.
(Photo File #NP 155 (k).)
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Fig, 38 (5N)--Bise, 6. Female, 1100 meters. This patient was inside a-
wooden house and received only a small burn of the occipital region. The

developed about 27 August.

.bullae that can be seen in this picture on the shoulders, arms, and legs
Epilation commenced about the same time. Some

of the blisters became infected and she entered hospital 5 September, the
day the picture was taken. Omura Naval Hospital Cas

- Photogreaph.

(Photo File #NP 130.)

e No. 3049. JSapanese
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Fig. 39 (5W)--Illustration from a Japanese report, showing a patient in ,
whose skin erythema and vesicles appeared. The dark spots are healed minor

lacerations. Shortly after the appearance of the lesions shown in this

Figure and in Figure 40 (5N), she developed high fever, purpura, and died

10 days later... Minami report--Appendix 4N (10). Kyushu Imperial University -
Case., (Photo File #NP 133a.) : :
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Fig. 40 (5N)--Seme patient as in Fig. 39 (5N), showing erythema and
vesicles of the skin over the knee., Kyushu Imr~rial University Case.
(Photo File #NP 133b.) - o
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Fig. 41 (5N)--Photograph of unidentifiséd female cadaver made by the Japanese

in mid-August. Notice the purpura and the hemorrhagic and necrotic lesions,

some of which were said to have been bullous initially. . Omure Naval Hospital
Case. (Photo File #NP 152.) ' o
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Fig, 4o (5N)--Photegraph of & child shewing cutaneeus purpura in an early
stage. This pieture was taken at the Kyushu Imperial Ualversity. The ehiid
vwas 8aid te nave been injured in Nagasaki, but no ether data were avallable.
(Phete File #XP.126.)
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Fi'g:. 43 (5N)--Photograph of a patient with purpura. This ploture was made.
at the Kyushu Imperial University. The patient was said to have been 1n.1ured
in Ne.ga.saki » but no other date were available, (Photo File #NP 1.28 ) 3
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Fig. 44 (5N)--Akiyama, 60. Female. 500 meters. Purpuric lesions of the .
skin of the legs of & moribund patient. This women had the severe type of
radiation injury and died 4 days after this picture was made. 11 October
1945, Omurae Navel Hospital Case No. 3098. (Photo File #NP 105a.)
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« Fig. 45 (5N)--Photograph of an unidentified body, made by the Japanese, in
August 1945. Notice the purpuric lesions and the echtymatous ulcerations
around wounds which were said to be glass fragment wounds. The patient was
said to have died from radiation injury. Omura Naval Hospital Case. (Photo
File #NP 127.) ‘
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Tig. 46 (5N)--Paintin_g by the medical artist of Kyushu Iﬁperial University of
& typloal example of "anemic retinitis.” Hee Appendix UN (8). (Photo File
#S 308 (K).)
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‘Fig. h7'(5N)--Nagata, N. 1l. Female. 1000 meters. Painting by Japanese

medical artist of Kyushu Imperial University showing necrotic ulceration of the
larynx associated with severe leukopenie and the condition of the healed o
lesion. Recovery occurred after tracheotomy. See Appendix 4N (9). (Photo
File #NS 310 (K).)
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Pig. 48 (5N)=-Negata, ¥, 4, Femsle, 1000 meters, Painting by japanese
medical artist of Kyushu Imperial University showing edoma of the larynx
agsosiated with severe leukepenia, This patient is the gister ef the ene
11iustrated in Fig. U7 (5N). Recevery ecourred after tracheotemy.

Appendixz 4N (9). (Phote File #§8 309 (K).)
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